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PREFACE. 


The  main  object  of  the  work  here  submitted  to  the  reader  is  to  exhibit  a 
view  of  the  labours  of  successiye  enquirers  in  establishing  a  knowledge 
of  the  mechanical  principles  which  regulate  the  movements  of  the  celestial 
bodies,  and  in  explaining  the  various  phenomena  relative  to  their  physical 
constitution  which  observation  with  the  telescope  has  disclosed.  It  may, 
perhaps,  be  desirable  to  trace  out  briefly  the  plan  I  have  pursued  in 
attempting  to  execute  this  undertaking. 

The  first  part  of  the  work,  extending  to  the  close  of  the  thirteenth 
chapter,  is  devoted  to  the  history  of  Ae  Theory  of  Gravitation.  In 
the  first  and  third  chapters  I  have  endeavoured  to  give  some  account 
of  the  immortal  discoveries  by  which  Newton  established  this  theory 
in  its  utmost  generality.  The  researches  of  the  learned  Prof.  Eigaud 
have  recently  disclosed  some  interesting  details  respecting  the  original 
publication  of  the  Principia,  of  which  I  have  not  failed  to  avail  myself  in 
the  execution  of  this  portion  of  the  work. 

The  future  history  of  Celestial  Mechanics  naturally  admits  of  a  division 
into  two  distinct  periods.  The  first  comprehends' the  researches  of 
geometers  from  the  time  of  Newton  to  the  commencement  of  the  nine- 
teenth century.  Towards  the  close  of  this  period  the  analytical  methods 
devised  for  the  developement  of  the  Theory  of  Gravitation  had  attained  a 
high  state  of  perfection,  and  the  various  phenomena  which  had  seemed 
irreconcilable  with  its  principles,  were  all  satisfactorily  accounted  for. 
The  second  period  embraces  the  further  developement  of  the  theory  down 
to  the  present  time. 

The  third  and  following  chapters  to  the  ninth  inclusive,  are  devoted  to 
the  first  of  the  above-mentioned  periods.  The  third  chapter  contains  an 
account  of  the  early  researches  of  Ealer,  Clairaut,  and  D'Alembert  on 
the  Problem  of  Three  Bodies,  and  of  the  application  of  their  respective 
solutions  to  the  lunar  theory.  The  difficulty  which  for  some  time  at- 
tended the  computation  of  the  movement  of  the  lunar  apogee,  was  at 
length  efiectually  removed  by  Clairaut,  and  the  triumph  of  the  Newtonian 
principles  was  practically  exhibited  in  the  construction  of  lunar  tables  by 
Mayer,  which  possessed  sufficient  accuracy  to  be  employed  with  confidence 
m  the  solution  of  the  great  Problem  of  the  Longitude. 

It  is  a  curious  &ct  that,  in  the  original  edition  of  the  Principia,  Newton 
gave  the  results  of  an  investigation  of  the  movement  of  the  lunar  apogee, 
which  seemed  to  imply  that  he  had  treated  the  subject  by  a  method  of  a  suf- 
ficiently comprehensive  character.  These  results  were  suppressed  by  him 
in  the  second  edition,  doubtless  in  consequence  of  their  not  exhibiting  so 
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complete  an  accordance  mtb  observation  as  was  manifest  in  his  other 
researches  on  the  lunar  theory  *.  That  Newton  really  was  in  possession  of 
a  method  adequate  to  a  complete  investigation  of  the  subject,  is  rendered 
still  further  probable  by  the  recent  researches  of  Mr.  Adams,  who,  by  the 
aid  of  geometrical  considerations,  analogous  to  those  expounded  with  so 
much  elegance  in  the  Principia,  has  obtained  results  relative  to  the  move- 
ment of  the  lunar  apogee,  which  present  a  complete  accordance  with 
observation. 

The  fourth  chapter  is  devoted  to  the  early  researches  of  geometers  on 
the  perturbations  of  the  planets  and  the  stability  of  the  planetary  system. 
While  occupied  with  the  former  of  these  subjects,  the  illustrious  Euler 
devised  a  method  of  investigation  which  must  be  regarded  as  one  of  the 
most  remarkable  in  the  annals  of  science.  It  consisted  in  regarding  the 
perturbations  of  a  planet  as  arising  from  an  incessant  change  in  the 
elements  of  its  elliptic  motion.  This  fertile  idea  was  destined  to  acquire 
an  immense  developement  from  the  labours  of  succeeding  geometers. 

The  sublime  results  which  the  analytical  researches  of  Lagrange  and 
Laplace  have  disclosed,  relative  to  the  stability  of  the  planetary  system, 
while  they  have  served  to  invest  astronomical  science  with  additional 
features  of  interest,  are  entitled  to  be  classed  among  the  noblest  triumphs 
which  the  human  mind  has  achieved  in  the  investigation  of  the  laws  of 
the  physical  universe.  The  labours  of  these  great  geometers,  which  were 
of  a  kindred  nature  throughout  their  whole  career,  are  on  this  occasion 
more  especially  interlaced.  As  some  misapprehension  appears  to  have 
not  unfrequently  arisen  from  this  circumstance,  I  have  endeavoured,  by  a 
careful  reference  to  the  volumes  of  the  Academy  of  Sciences  and  other 
original  sources,  to  exhibit  the  results  independently  arrived  at  by  each 
geometer  in  the  course  of  his  researches  on  the  subject. 

The  fifth  chapter  contains  an  accoimt  of  the  physical  explanation  of  the 
great  inequality  in  the  mean  longitudes  of  Jupiter  and  Saturn,  and  of  the 
secular  inequality  in  the  mean  motion  of  the  Moon,  as  well  as  an  allusion 
to  several  points  of  minor  importance  in  the  Theory  of  Gravitation.  The 
irregularities  in  the  mean  longitudes  of  Jupiter  and  Saturn  long  continued 
to  form  an  inexplicable  enigma  to  geometers.  In  vain  did  Euler  employ 
all  the  resources  of  his  fertile  genius  in  endeavouring  to  account  for  their 
existence  by  the  principles  of  the  Theory  of  Gravitation.  Equally  fruitless 
was  the  result  of  Lagrange's  application  of  his  commanding  powers  of 
analytical  research  to  the  subject.  It  was  reserved  for  Laplace  to  detect 
the  true  origin  of  these  anomalous  phenomena  in  the  mutual  action  of 
the  two  planets. 

Perhaps  a  still  more  remarkable  result,  due  to  the  same  geometer,  was 
the  explanation  of  the  secular  inequality  in  the  mean  motion  of  the  Moon. 
The  records  of  certain  eclipses  of  the  Moon  observed  at  Babylon  about 
seven  hundred  years  before  the  Christian  era,  when  compared  with  obser- 
vations of  similar  phenomena  by  the  Arabian  astronomers  about  the  tenth 

•  See  Appendix  IV. 
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centaiy,  seemed  to  indicate  that  the  Moon's  angular  velocity  round  the 
Earth  was  suhject  to  a  slow  acceleraUon.  This  iact  was  confirmed  beyond 
all  doubt  by  the  observations  of  modem  astronomers ;  but  its  existence 
seemed  absolutely  irreconcilable  with  the  results  to  which  geometers  were 
conducted  by  their  researches  on  the  Theory  of  Gravitation.  The  physical 
cause  of  this  acceleration  continued  to  escape  the  analytical  scrutinies  of 
Euler,  Lagrange,  and  Laplace,  until  at  length  the  sagacity  of  the  last- 
mentioned  geometer  led  to  its  detection. 

The  sixth  chapter  is  devoted  to  an  account  of  the  labours  of  geometers 
on  the  Figure  of  the  Earth,  the  Precession  of  the  Equinoxes,  the 
Libration  of  the  Moon,  and  other  kindred  subjects.  By  an  ingenious 
application  of  his  researches  on  the  attraction  of  spheroids,  Newton  rigor- 
ously determined  the  ellipticity  of  the  Earth,  upon  the  supposition  of  its 
density  being  uniform,  and  of  the  figure  of  an  oblate  spheroid  being  com- 
patible with  the  conditions  of  equihbrium  of  a  fluid  mass.  The  truth  of 
the  last-mentioned  supposition  was  afterwards  demonstrated  by  Maclaurin 
with  all  the  elegance  and  rigour  of  the  ancient  geometry.  With  respect  to 
the  intenial  structure  of  the  Earth,  the  ellipticity  deduced  from  the 
measurement  of  arcs  of  the  meridian  was  totally  at  variance  with  the 
supposition  of  its  homogeneity.  It  was  reserved  for  Clairaut  to  determino 
the  ellipticity  on  the  more  probable  hypothesis  of  the  strata  increasing  in 
density  towards  the  centre  of  the  Earth. 

The  Precession  of  the  Equinoxes  is  beyond  doubt  the  most  remark- 
able of  all  the  perturbative  effects  by  which  the  planetary  system  is  cha- 
racterised. Its  original  discovery  as  a  sidereal  phenomenon  is  due  to  the 
great  astronomer  Hipparchus.  The  explanation  of  its  true  character 
was  first  given  by  Copernicus,  who  shewed  that  it  might  arise  from  a 
conical  motion  of  the  Earth's  axis.  The  question  relative  to  the  physical 
cause  of  this  singular  movement  continued  to  be  involved  in  impenetrable 
mystery,  until  at  length  Newton  discovered  its  origin  in  the  disturbing 
action  of  the  Sun  and  Moon  upon  the  redundant  matter  accumulated  round 
the  terrestrial  equator.  The  subsequent  discovery  of  the  Nutation  of  the 
Earth's  Axis  by  Bradley  introduced  a  new  cause  of  complication  into 
the  subject.  The  complete  solution  of  the  problem  of  the  Earth's  motion 
round  its  centre  of  gravity,  by  a  rigorous  application  of  the  principles  of 
Mechanical  Science,  was  reser>-ed  for  D'Alembert.  The  subject  of  the 
Libration  of  the  Mood,  wliich  is  noticed  in  the  same  chapter,  exhibits 
another  striking  illustration  of  the  comprehensive  character  of  the  Theory 
of  Gravitation  in  assigning  the  physical  explanation  of  the  various  phe- 
nomena relative  to  the  movements  of  the  celestial  bodies.  The  researches 
of  Newton  on  this  subject  were  perfected  by  Lagrange,  who  succeeded  in 
obtaining  results  which  accorded  in  a  most  satisfEictory  manner  with  those 
deduced  from  observation. 

The  seventh  and  eighth  chapters  embrace  a  somewhat  detailed  history 
of  the  theory  of  Jupiter's  satellites.  In  the  seventh  chapter  I  have  given 
an  account  of  tlie  original  discovery  of  these  bodies  by  the  illustrious 
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G«lileo,  and  of  tho  labours  of  aubaequent  astroQomere  in  astaLlighiag 
the  laws  of  their  complicated  movementa.  Tho  eiglitli  chapter  exhibits  n 
view  of  the  rcsearubea  of  geometers,  having  for  their  object  tho  oxpJojta- 
tioii  of  the^  laws  by  the  Tiieojy  of  Gravitation,  Some  of  the  most 
curious  effects  of  perturbation  occur  ia  thia  beautiful  Byfitew.  The  re«ult8 
ore  mainly  ilue  to  Lagraiige  and  Laplace.  The  powerful  character  of 
the  atialjsis  which  Laplace  emplojcil  in  these  researches,  is  remiirkablj 
exhibited  iu  the  detcrininatiDii  of  the  ellipticity  of  Jupiter  by  meana  of 
tlte  derangements  \^Iiich  the  redundant  matter  accumulated  round  the 
equator  of  the  planet  occaaiona  iu  the  molious  of  the  aatetlites.  The 
iilustrioiia  geometer  even  boldly  usBerted,  that  the  result  thus  derived 
from  theory  was  entitled  to  greater  reliance  thau  that  obtained  by  direct 
measureuent  with  the  micrometer  I 

The  uinth  chapter  commences  with  a  brief  notice  of  the  labours  of 
geometers  on  some  of  the  mora  hidden  eiTccts  of  perturbation.  Oue  of 
the  most  interesting  of  these  ia  the  gi-adual  diminutiou  of  the  obliquity 
of  the  ecliptic,  occasioned  by  the  disturbing  ^tktn  of  the  planets  un 
the  earth.  The  sublime  reaulta  arriTed  at  by  Lagrange  and  Laplace, 
reluttve  to  the  etability  of  the  planetary  system,  assure  us  Uiat  &uch  a 
dtmiuutioii  xrill  not  i;x)iititiue  indefimtely,  but  that  after  a  certain  limit  el 
obliquity  haa  b^eu  attained,  the  angle  iM)Dtaiued  betwreu  the  planes  of  the 
ecliptic  and  the  ctjuiitor  will  then  commence  to  open  out.  This  (irucess 
will  oQutiuue  until  the  obliquity  atuuus  a  certain  ma^iimuiji  valuti,  when 
the  incr(.*use  nill  W  converted  again  into  a  diminution,  and  Utiua  ibe 
inclinaiiGn  of  the  two  pliuiea  will  continually  o^cilktd  betwewi  fixed 
limita  prescribed  by  the  intensity  of  the  disturbing  forces.  It  foUowa  as 
a  ncci6iaary  coaaoqaeace,  that  the  cUmate  of  any  particular  coujiiry  mU 
not  underga  an  ewential  change  from  thid  caust^,  auch  aa  would  inenlably 
if  tli«  e^v&tor  And  ecliptio  were  ever  to  coincidQ,  or  to  form  wiib 
other  aja  augle  of  ninety  degrees.  Thus  the  more  prgfouudly  do«« 
analvsiii  penetrate  into  the  oporatioua  of  nature,  the  mor*  admirable  ia  th» 
harmony  which  appears  to  pwvade  her  vahoua  arraugemeuls. 

The  subject  uf  Cometi  WW  one  of  lb«  »ev«re«t  testa  tn  t>  Uich  il^o  Theoiy 
of  UravitfUiaa  vaa  ttibttiktad  duruig  tha  early  period  of  its  hintory.   'Xh* 
^bodiaa  ti«eiiwdl  In  Iw  ao  daclituift  of  any  coherent  structure^  and  at 

10  time  ao  capriciuua  in  their  movemeata,  that  the  attempt  to  makt 
the  grouudMork  of  strict  iuveatigation  waa  bag  oonsidared  to  be 
atliodad  with  iuaupenible  diQicultio«»  NewtoOi  bQi»«v*r.  ptiWMVfd,  with 
rharactartMtrc  iiagiuzity,  that,  hoTrover  tmmomi  might  be  tho  jkjmml 
oouctkalMB  of  Uomcta,  their  joaterial  atmeliura  irould  aul^oct  tlNin  Iiq  Ham 
iiAiMBoa  of  iha  pritieiple  of  GnivitAkioa :  aud.  itt  punoaiMe  of  thk  iie«> 
ht»  frati4«d  a  tkaoiy  uf  tluttf  uta«wiiaiito»  accDrdtug  to  whicb  tlioy  all 
rcTolvcd  in  orhita  r^eoihliag  o«ic  or  other  of  tho  conic  aootioaa,  having  tlw 
autt  iu  tho  cuiumuu  fbcua.  Tha  apparitiou  of  tho  graat  comet  of  1  UtiO  fur- 
niahed  him  with  tli« meaiMufobtaiuing  a  complete  voriflcatiou  of  his  tlioery. 
by  ft  rigorvua  ditonaiion  of  ita  obavrfod  poalliuoa  ho  dcmoiolrntid  ioGOn< 
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testablj  that  the  comet  revolved  in  an  orbit  which  sensibly  coincided  with 
a  parabola,  and  that  the  line  joining  it  and  the  sun  described  equal  areas 
in  equal  times.  Hallej  applied  Newton's  theory  to  a  vast  number  of 
recorded  observations  of  comets,  and  among  the  results  to  which  he  was 
led  he  arrived  at  the  conclusion  that  the  comet  of  1682  would  again  pass 
through  its  perihelion  in  the  year  1758  or  1750.  The  actual  return  of 
this  celebrated  comet,  agreeably  to  the  prediction  of  Halley,  is  familiar 
to  every  reader.  The  effects  of  planetary  perturbation  were  calculated 
beforehand  by  Clairaut,  who  succeeded  in  fixing  the  time  of  return  with 
remarkable  precision.  This  was  unquestionably  one  of  the  greatest  tri- 
umphs which  had  yet  been  achieved  in  the  developement  of  the  Theory  of 
Gravitation.  The  general  theory  of  the  Perturbations  of  Cometary  Bodies 
was  a  few  years  afterwards  simplified  and  improved  by  Lagrange. 

The  ninth  chapter  closes  with  a  brief  allusion  to  the  Mecanique  Celeste. 
The  publication  of  that  immortal  work  forms  an  important  landmark  in 
the  history  of  Physical  Astronomy.  The  Theor}'  of  Gravitation,  after 
being  subjected  to  a  succession  of  severe  ordeals,  from  each  of  which  it 
emerged  in  triumph,  finally  assumes  an  attitude  of  imposing  majesty, 
which  repels  all  further  question  respecting  the  validity  of  its  prin- 
ciples. 

The  tenth  chapter  introduces  the  second  period  in  tlie  history  of  the 
Theory  of  Gravitation.  It  commences  with  an  account  of  the  interesting 
results  obtained  by  geometers,  about  the  beginniag  of  the  present  century, 
relative  to  the  variations  of  the  elements  of  the  planetary  orbits.  The 
highly-refined  method  of  investigation  due  originally  to  the  genius  of 
Euler,  by  which  the  perturbations  of  a  planet  are  supposed  to  arise  from 
a  continuous  variation  of  the  elements  of  elliptic  motion,  was  now  carried 
to  a  state  of  unexampled  perfection  by  Lagrange,  and  by  the  combined 
labours  of  that  illustrious  geometer  and  Foisson,  was  rendered  applicable 
to  all  the  great  problemd  of  the  system  of  the  world. 

After  a  brief  notice  of  some  of  the  methods  employed  by  modem 
geometers  in  their  researches  on  planetary  perturbation,  the  chapter 
closes  with  an  account  of  the  recent  improvements  in  the  lunar  theory. 
The  irregularities  in  the  Moon's  longitude,  which,  tliroughout  the  greater 
part  of  the  nineteenth  century,  continued  to  occasion  great  embarrassment 
to  astronomers  and  mathematicians,  finally  assumed  a  definite  character, 
which  rendered  them  a  feasible  subject  of  investigation  viith  respect  to 
their  physical  origin,  when  the  vast  mass  of  the  Greenwich  observations, 
extending  from  1750  to  1830,  were  subjected  to  a  comprehensive  discus- 
sion by  the  present  Astronomer  Royal,  and  new  corrections  of  the 
elements  of  die  lunar  orbit  were  deduced.  Moreover,  some  hidden 
inequalities,  which  hitherto  had  totally  escaped  the  notice  of  astronomers, 
and  which  seemed  to  be  irreconcilable  with  theory,  emerged  from  this 
important  discussion.  The  explanation  of  the  origin  of  these  various 
anomalies  by  M.  Hansen,  forms  an  epoch  of  great  importance  in  the 
history  of  Physical  Astronomy.      The  complicated  movements  of  the 
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Mootij  ivhich  had  occupied  the  attention  of  tnfinkiiid  from  the  earliest 
ages  in  the  history  of  civilisation,  upon  ^hicb  a  long  Buccession 
of  illustrious  astronomers  and  matl^ematiQians  had  exerted  their  ntmost 
powers  of  research,  were  at  length  cotapletelj  analyzed,  their  laws  clearljr 
tmced  out,  and  the  varioua  resulting  inequalities  accounted  for  in  strict 
accordance  with  the  Theory  of  Gravitation.  The  conButnmation  of  this 
great  achiBvemeut  constitutes  a  new  laurel  in  the  wreath  of  the  E05&I 
Observatory  of  Greenwich,  while  it  iinperishably  associates  the  already 
illuatriou9  names  of  Airy  and  Hansen  witli  the  history  of  one  of  the  most 
important  departments  of  Astronomical  Science. 

The  eleventh  chapter  is  devoted  to  an  a^scount  of  the  recent  researches 
of  geometers  on  the  partioular  cases  of  perturbation  whif:h  occur  in  the 
planeLnry  system.  Among  the  more  important  suhjects  which  it  embraces 
may  he  mentioned  the  discovery  of  the  long  inequality  in  tho  mean  Ion- 
gitudes  of  the  Earth  and  Venus,  hy  Airy ;  the  investigation  of  the  per- 
turbations of  Halley's  comet,  on  the  occasion  of  its  passage  of  the  peri- 
helion in  1655,  by  Elosenberger,  Pontecoulant,  and  other  geometers  :  the 
interesting  researches  of  Le  Verrier  on  various  cases  of  cometary  pcr- 
iturbatioii;  the  completion  of  Lagrange's  liibours  on  the  Libration  of  the 
Uoon,  by  Poisson;  the  detcraiiDation  of  the  eilipticity  and  mejui  density 
of  the  Earth,  by  Besael  and  other  enquirers  ;  the  final  researches  of  Foiasou 
on  the  motion  of  the  Earth  about  its  centre  of  gravity,  and  the  invariability 
of  the  Sidereal  Year ;  and  the  defaiiiive  doteetiou  of  periodical  oscillations 
in  the  Atmosphere  depending  on  the  perturbative  influenci?  of  the  Moon. 
In  the  twelfth  and  thirteenth  chnptera  I  have  endeavoured  to  give  mu 
aci'ount  of  the  theoretical  discovery  of  the  planet  Neptune,  as  it  resulted 
from  an  investigation  of  the  penmlmtiona  produced  in  the  motion  of 
Uranus.  This  may  perhaps  be  regarded  ad  the  most  astonishing  conqueet 
Krhich  the  liuntuu  mind  has  ever  achieved  in  unfolding  the  arrangements 
of  Uie  material  world.  Nor  does  it  tend  to  diminish  our  admiration  of 
tins  great  discovery,  that  it  is  due  to  the  independent  reaearchea  of  Iwo 
L contemporary  geometers,  who,  by  methodi  totally  dissimiliir  in  their 
details,  if  not  in  their  essential  chanicler,  succeeded  nearly  about  the 
i»nme  time  In  determining  the  p4isition  of  the  dbtarbing  body.  The 
brilliant  researches  of  M.  Lc  Verrier  on  this  subject  constitute  the 
fltrongeet  title  which  he  haj*  yot  earne^l  to  Hid  admiratiou  of  the  scientific 
world ;  while  tliosu  of  Mr.  Adams,  the  other  disooTerer  of  the  planet, 
may  bt>  justly  regarded  aa  the  noblest  tribute  which  be  could  ofler  tu  tlio 
memory  of  his  illustrious  eounti7man,  the  great  founder  of  Physical 
itronomy.  Soma  remarks  suggesled  by  ihis  discovery,  which  it  would 
been  tnconvcnii'iTt  to  have  in§erlod  in  the  Iwdy  of  the  work,  will  Ixj 
found  in  an  Appendix  at  the  end. 

The   thirteonih  chapter   closes   the   histtjr)"  of    Celestial   Meduuiics. 
Phyiicttl  Astronomy,  aa  mtually  understooil,  ia  conilned  to  iho  researched 
geomclcrs  on  thit  subject;    hut  in  its  more  comprehensive  acttsc  it 
lay  be   faup|)ObL'd   to   embntco   lite  conatderalion  of   all    tlie  physical 
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principles  ^hich  are  known  to  exercise  an  influence  on  celestial  phe- 
nomena, as  well  as  tbe  study  of  those  facts  respecting  the  structure 
of  the  celestial  bodies  which  admit  of  being  explained  by  reference  to 
established  principles  of  physics.  In  accordance  with  this  more  enlarged 
signification,  the  subjects  noticed  in  the  greater  portion  of  the  remainder 
of  the  work  ought  to  be  considered  as  forming  an  essential  part  of  Phy- 
sical Astronomy. 

Tbe  invention  of  the  telescope  about  the  beginning  of  the  seventeenth 
century  furnished  the  astronomer  with  an  instrument  of  observation,  the 
mighty  e£Bcacy  of  which  can  only  be  compared  with  the  aid  which  the 
infinitesimal  calculus  affords  to  the  geometer  in  his  researches  on  the 
effects  produced  by]  the  continuous  agency  of  those  forces  which  Nature 
employs  in  her  operations.  Armed  with  such  an  instrument,  the  sagacious 
Gtdileo  was  soon  enabled  to  announce  a  multitude  of  discoveries  in  the 
heavens,  of  startling  novelty  and  of  the  highest  importance.  Myriads  of 
stars  whose  existence  bad  eluded  the  scrutinies  of  the  naked  eye,  were 
now  seen  to  illumine  the  unfathomable  regions  of  space.  The  investiga- 
tion of  the  cosmical  arrangement  of  the  celestial  bodies,  and  the  study 
of  their  individual  structure,  were  problems  unexpectedly  found  to  be 
within  the  reach  of  the  human  faculties.  This  department  of  astronomical 
science,  no  less  remarkable  for  the  sentiments  which  it  is  calculated  to 
inspire  respecting  the  grandeur  of  the  material  universe,  than  for  the 
multitude  of  instructive  and  delightful  views  of  the  physics  of  the 
celestial  regions  which  it  unfolds,  has  been  prosecuted  with  ardour  by  a 
snecession  of  eminent  astronomers  from  Qalileo's  time  down  to  the  pre- 
sent day. 

The  fourteenth  chapter  exhibits  a  view  of  the  progress  of  researches 
on  the  physical  constitution  of  the  bodies  of  the  solar  system,  and  also 
includes  an  account  of  the  various  discoveries  by  which  it  has  been  en- 
riched in  modem  times.  The  observations  of  the  solar  spots  have  sug- 
gested some  highly  interesting  speculations  respecting  the  great  centml 
body  which  forms  the  source  of  the  light  and  heat  of  the  system.  The 
Moon,  from  her  comparative  proximity,  has  naturally  given  rise  to  much 
physical  enquiry.  The  observations  of  the  planets  have  disclosed  a  mul- 
titude of  facts  of  a  highly  interesting  character.  Their  rotatory  move- 
ments round  fixed  axes  with  corresponding  elliptical  figures,  and  the 
diversified  appearance  of  their  sur&ces,  constitute  striking  points  of 
analc^  between  them  and  the  Earth.  The  remarkable  phenomena  visible 
in  the  polar  regions  of  Mars,  the  belts  of  Jupiter  and  Saturn,  and  the 
wondrous  rings  of  the  latter  planet,  have  all  furnished  abundant  materials 
of  observation  and  research.  Nor  are  the  satellites  wanting  in  physical 
features  of  an  important  character.  The  relation  of  equality  between 
their  periods  of  rotation  and  revolution,  which  a  variation  of  their  bright- 
ness, in  several  instances,  has  served  to  establish,  constitutes  a  striking 
point  of  analogy  between  them  and  the  terrestrial  satellite.    The  pheno- 
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mena  acoompanymg  their  transits  and  occultadons  are  also  suggeBtive  of 
some  interesting  speculations. 

This  chapter  introduces  a  name  ivhich  occupies  a  prominent  place  in  the 
remaining  portion  of  the  work — it  is  the  immortal  name  of  William  Her- 
schel.  To  the  bulk  of  the  intelligent  class  of  readers  this  illustrious  indi- 
vidual appears  in  the  character  of  an  astronomer  distinguished  by  his  skil- 
ful construction  of  huge  telescopes,  wliich  he  employed  until  marvellous 
success  in  exploring  the  heavens.  To  tlie  student  who  has  advanced  within 
the  precincts  of  astronomical  science,  he  forms  a  more  exalted  object  of  ad- 
miration, as  an  observer  of  almost  unrivalled  acuteness  and  sagacity,  whose 
exquisite  faculty  of  discernment  frequently  enabled  him  to  arrive  at  results 
far  beyond  the  scope  of  the  mere  instrumental  resources  available  to  him; 
and  as  a  philosopher  of  the  highest  order,  who,  by  his  originality  of  thought 
and  capacity  for  comprehensive  speculation,  succeeded  in  establishing  the 
principles  of  Sidereal  Astronomy  upon  a  broad  and  indestructible  basis. 

The  fifteenth  chapter  contains  an  account  of  the  progress  of  enqoiry 
on  the  physical  constitution  of  Comets.  These  mysterious  bodies,  beyond 
doubt,  perform  some  important  function  in  the  economy  of  nature,  which 
can  only  be  ascertained  by  attentive  observations  of  the  phenomena  which 
accompany  their  various  apparitions. 

The  sixteenth  chapter  is  devoted  to  those  physical  principles  whose 
iniluence  in  disturbing  the  apparent  positions  of  the  celestial  bodies,  or 
in  modifying  the  features  of  celestial  phenomena,  must  necessarily  be 
taken  into  account  before  astronomical  observations  can  be  rendered  avail- 
able as  the  groundwork  of  ulterior  enquiry.  It  comprehends  an  account 
of  the  progress  of  researches  on  Precession,  Re&action,  Aberration,  Nuta- 
tion, Diffraction,  and  Irradiation.  In  the  histoiy  of  Refraction  the  mighty 
names  of  Newton  and  Laplace  reappear  with  transcendant  lustre.  The 
correspondence  between  Newton  and  Flamsteed,  published  by  the  late 
Mr.  Baily,  has  supplied  some  interesting  materials  connected  with  the 
researches  of  Newton  on  this  subject.  The  uncertainty  which  so  long 
existed  respecting  the  construction  of  Newton  s  table  of  refractions,  which 
llalley  originally  communicated  to  the  I^yal  Society — whether  it  was 
liosod  upon  some  physical  theory  of  the  subject,  or  whether  it  was  cal- 
cultited  merely  by  an  empiric  process — has  been  effectually  removed  by  the 
corros|H)ndence  al>ovo  referred  to.  It  appears  that  Newton  studied  pro- 
fouuilly  the  theory  of  Astronomical  llefraction,  and  succeeded  in  deter- 
uiinin^  the  results  corresponding  to  various  hyiMtheses  respecting  the 
physifiil  constitution  of  the  atmosphere.  IJis  suggestion  to  Flamsteed, 
rrcounnondin^  tlio  ])motico  of  noting  the  indications  of  the  barometer  and 
Ihorniouu'tiM',  as  a  ilcsimblo  aooompaniment  to  astronomical  observations, 
oouHtitutoit  a  Ntriking  illustraiiun  of  the  sagacity  by  which  tliat  great 
|ihiKi8it])hor  was  liihiinguishod  alnn'o  ordinary  enquirers. 

Tho  sulijivls  itf  Abormtion  and  NuUition  are  introduced,  with  an 
licouunL  of  tho  original  di'ioovcry  of  those  phenomena  by  the  immortal 
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findlflj.  The  chapter  closes  with  an  aocoant  of  the  most  important 
results  \?hich  haye  been  elicited  by  the  labours  of  successive  enquirers 
00  the  subject  of  the  Irradiation  of  Light. 

The  soYenteenth  chapter  is  devoted  to  the  history  of  the  physical  en- 
quiries connected  with  eclipses  of  the  Sun  and  Moon,  the  transits  of  the 
inferior  planets,  and  other  occurrences  of  a  similar  character.  These 
phenomena  are  all  influenced  in  so  great  a  degree  by  Refraction,  and  the 
other  affections  of  light,  that  it  would  have  been  inconvenient  to  have 
alluded  to  them  at  an  earlier  stage  of  the  work.  This  chapter  contains  a 
MMDewhat  detailed  exposition  of  the  most  important  facts  which  have  been 
observed  on  the  oecasion  of  the  various  total  eclipses  of  the  Sun  recorded 
ia  history,  including  an  investigation  of  the  conclusions  which  they  are  cal- 
culated to  Boggeat  respecting  the  physical  constitution  of  the  great  central 
body  of  the  pUmetaiy  system.  The  sulgect  of  the  transits  of  Venus  has 
Datonlly  suggested  a  brief  notice  of  the  life  and  labours  of  the  lamented 
Honocks.  Thn«  is  a  deep  interest  associated  with  the  fate  of  this  youthful 
astronomer.  Although  dwelling  in  a  remote  district  of  Lancashire,  in 
ilmost  entiro  secluaion  from  the  rest  of  the  scientific  world,  he  unquestion- 
ably arrived  at  a  jnster  appredation  of  Kepler's  discoveries  than  any  of  the 
successors  of  that  great  astronomer  had  hitherto  done ;  while  the  sagacity 
and  originality  of  his  views  on  various  points  relating  to  astronomy, 
his  fertile  and  glowing  imagination,  and  his  ardent  enthusiasm  in  the 
pursuit  of  science — all  seemed  to  foreshadow  a  career  of  uncommon  bril- 
liancy, which  a  premature  death  unfortunately  soon  brought  to  a  close. 
Even  his  brief  labours,  however,  have  assured  to  him  a  reputation  which 
will  live  imperishably  in  the  annals  of  science.  By  his  own  countrymen 
he  cannot  fail  to  be  regarded  with  peculiar  interest,  as  the  morning  star 
of  a  galaxy  of  men  of  genius,  who  continued  for  about  a  century  to  adorn 
these  isles  by  their  successful  cultivation  of  the  physico-mathematical 
sciences.  The  names  of  Horrocks,  Gascoigiie,  Brouucker,  Barrow,  Wallis, 
Wren,  Gregory,  Hooke,  Newton,  Taylor,  Bradley,  Simpson,  and  iMaclaurin, 
represent  a  constellation  of  scientific  enquirers,  which  for  splendour  of 
graioa  and  high  intellectual  endowments  has  never  been  surpassed,  and 
rarely  equalled,  during  a  similar  period  in  the  history  of  any  nation,  whe- 
ther of  ancient  or  modem  times. 

As  any  work  relating  to  astronomical  science  would  be  incomplete 
without  some  allusion  to  the  important  subject  of  observation,  the  eight- 
eenth chapter  has  been  devoted  to  a  condensed  account  of  the  pro- 
greaa  of  Practical  Astronomy,  from  the  earliest  ages  down  to  the  present 
time.  The  annals  of  physical  science  do  not,  perhaps,  furnish  a  moro 
interesting  picture  of  gradual  advancement  towards  perfection  than  that 
which  exhibits  the  successive  improvements  efiected  in  this  department  of 
astronomy — ^from  the  naked  estimations  of  the  Chaldean  priests  to  the 
refined  and  complicated  methods  of  observation  practised  by  modem  astro- 
nomers— from  the  gnomon  and  the  clepsydra,  in  their  most  rudimentary 
forms,  to  the  transit  circle  of  the  Greenwich  Observatory,  tho  pendulum 
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clock  of  the  most  improved  construction,  and  the  electro-magnetic  record- 
ing apparatus  of  the  American  astronomers. 

In  this  chapter  I  have  given  a  somewhat  detailed  account  of  the  Eoyal 
Ohservatory  of  Greenwich,  from  its  origin  down  to  the  present  time.  The 
observations  which  have  emanated  from  that  noble  establishment  have 
proved  of  incalculable  service  to  astronomical  science.  No  other  similar 
institution,  whether  of  ancient  or  modern  times,  can  compare  with  it  in 
this  respect.  Its  history  affords  an  instructive  lesson  regarding  the  ad- 
vantage to  be  derived  from  applying  the  resources  of  an  observatory  to 
some  definite  object,  and  maintaining  that  object  in  view  with  unswerving 
constancy  of  purpose.  An  uninterrupted  succession  of  eminent  astro- 
nomers, who  have  directed  the  labours  of  this  establishment,  have  con- 
tributed to  render  it  the  storehouse  from  which  the  materials  for  deter- 
mining the  elements  of  Astronomical  Science  have  been  mainly  derived 
in  modem  times.  With  the  triumphs  of  the  Theory  of  Gravitation  its 
history  is  inseparably  associated.  During  the  early  period  of  its  exist- 
ence, it  had  the  glory  of  supplying  Newton  with  a  series  of  observations, 
which  served  as  a  valuable  guide  to  him  while  engo/ged  in  threading  his 
way  through  the  intricacies  of  the  lunar  theory,  and  it  has  continued  ever 
since  to  furnish  almost  exclusively  the  astronomical  facts,  by  an  appeal  to 
which  the  successors  of  that  illustrious  geometer  have  been  enabled  to 
establish  the  accuracy  of  their  theoretical  results.  The  recent  reduction 
of  the  entire  mass  of  the  Greenwich  Observations  of  the  Moon  and  Pla- 
nets, extending  from  1750  to  1830,  under  the  superintendence  of  the 
present  Astronomer  Royal,  is  an  achievement  which,  while  in  respect  of 
vastness  it  has  few  parallels  in  the  annals  of  science,  at  the  same  time 
forms  one  of  the  most  valuable  acquisitions  which  Astronomy  has  received 
during  the  present  century. 

As  a  fitting  sequel  to  the  subject  above-mentioned,  the  nineteenth  chap- 
ter conttdns  a  brief  account  of  the  labours  of  astronomers  in  the  con- 
struction of  Catalogues  of  Stars.  It  is  impossible  to  exaggerate  the 
*  importance  of  this  department  of  Astronomical  Science.  The  places  of 
the  stars  constitute  so  many  fundamental  facts,  upon  which  depend  all 
exact  conclusions  relative  to  the  movements  of  the  planetary  bodies. 
The  labours  connected  with  their  determination  afford  ample  scope  for 
talents  of  the  highest  order ;  but  it  must  be  acknowledged  that  they  offer 
little  to  captivate  either  the  imagination  or  the  intellect,  while  at  the 
same  time  they  demand  the  most  arduous  exercise  of  the  attention,  and 
the  most  unflinching  perseverance.  Despite  these  disadvantages,  there 
have  not  been  wanting  numerous  examples  of  astronomers  who,  disre- 
garding the  Mat  which  usually  attends  discovery,  have  devoted  the  best 
portion  of  their  lives  to  the  construction  of  a  Catalogue  of  Stars.  La- 
caille,  Fiazzi,  and  Groombridge  will  be  especially  remembered  in  the 
annals  of  astronomy,  as  individuals  who  sacrificed  their  days  and  nights 
with  unwearied  assiduity  to  this  object,  cheered  only  by  the  consciousness 
of  the  advantages  which  posterity  would  derive  from  their  labours,  and 
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bf  the  secret  charm  frhich  a  constant  intercourse  with  nature  never  fails 

to  jield. 

The  twentieth  chapter  contains  the  history  of  the  Telescope.  The  re- 
searches of  Van  Swinden  have  recently  contributed  to  throw  much  inte- 
resting light  upon  the  original  invention  of  that  instniment. 

The  twenty-first  chapter,  which  completes  the  work,  is  devoted  to  a 
omdensed  account  of  the  progress  of  researches  in  Stellar  Astronomy. 
The  labours  of  modem  enquirers  in  this  department  of  Astronomical 
Science  have  led  to  some  conclusions  of  a  highly  interesting  and  impoilant 
nature.  The  existence  of  a  sensible  parallax  in  the  fixed  stars— a  question 
which  has  occasioned  much  anxious  investigation  from  the  time  of  Coper- 
nicus down  to  the  present  day — has  at  length  been  definitively  established 
in  several  instances  by  the  labours  of  Bessel,  Henderson,  Struve,  Peters, 
and  Madear.  It  is  now  ascertained  beyond  all  doubt,  that  light,  travelling 
at  the  rate  of  192,000  miles  in  a  second,  would  require  three  years  and 
a  half  to  traverse  the  space  between  one  of  the  nearest  of  those  lumina- 
ries and  the  earth !  The  motion  of  the  solar  system  in  space,  is  another 
of  those  sublime  conclusions  which  have  been  established  by  the  re- 
searches of  modem  astronomers.  It  appears  from  the  labours  of  Sir 
William  Herschel  and  his  successors  on  this  subject,  that  not  only  do 
the  satellites  move  round  the  planets,  and  the  planets  round  the  Sun,  but 
that  the  Sun,  with  his  whole  cortdge  of  planets  and  satellites,  is  being 
constantly  transported  through  space  to  a  determinate  point  in  the  heavens, 
revolving,  in  all  probability,  round  the  centre  of  gravity  of  some  vast 
qrstem  of  suns,  of  which  it  forms  one  of  the  constituent  members.  Thus 
the  farther  the  human  mind  is  allowed  to  penetrate  into  the  mechanism 
of  the  physical  universe,  the  more  overwhelming  is  the  impression  pro- 
duced of  the  surpassing  grandeur  of  its  movements,  and  the  more  exalted 
is  the  conception  formed  of  the  Omnipotent  Being  who  constantly  pre- 
sides over  its  countless  arrangements. 

To  the  student  of  Celestial  Physics,  the  researches  of  astronomers  on 
Double  Stars  offer  a  high  degree  of  interest,  inasmuch  as  they  serve  to 
demonstrate  that  the  law  of  Gravitation,  as  announced  by  Newton,  actually 
prevails  in  the  mutual  action  of  those  remote  bodies  of  the  universe.  The 
phenomena  of  Nebula)  excited  little  interest  among  astronomers  until  they 
attracted  the  attention  of  Sir  William  Herschel.  The  vast  extent  of 
that  astronomer's  observations  of  those  objects,  and  the  originality  of  his 
views  on  their  physical  constitution,  liad  the  effect  of  elevating  them  to 
a  high  degree  of  importance  in  sidereal  astronomy.  The  subsequent 
labours  of  Sir  John  Herschel  and  Lord  Rosse,  in  the  same  field  of  enquiry, 
have  materially  contributed  to  the  advancement  of  our  knowledge  respect- 
ing those  wonderful  structures. 

After  a  rapid  view  of  the  progress  of  research  on  the  various  subjects 
above  mentioned,  allusion  is  made  to  the  labours  of  astronomers  on  tho 
physical  constitution  of  the  Milky  Way  and  the  Distribution  of  the  Stars 
in  space.     The  chapter  concludes  with  a  brief  account  of  the  interesting 
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Bpeculations  of  M.  Strove  on  the  Extinction  of  Light  in  its  passage  thiou^ 
space. 

In  the  prosecution  of  these  labours  I  have  generally  endeavoured  to 
elucidate  the  various  facts  of  history  by  reference  to  the  fundamental 
principles  of  astronomical  science,  adhering  as  closely  as  possible  to  the 
ordinary  phraseology  of  language.  Occasionally,  however,  ^e  subject  con- 
sidered, does  not  naturally  admit  of  concise  elucidation,  so  that  an  adherence 
to  this  practice  would  have  led  to  inconvenient — I  had  almost  said  in- 
terminable^igressions.  On  the  other  hand,  to  have  omitted  all  allusion 
to  such  subjects  would  have  been  to  sacrifice  the  principle  of  continuity 
which  forms  so  essential  an  attribute  of  history,  and  to  present  the  reader 
with  an  avowedly  mutilated  work.  I  have  endeavoured  to  avoid  these  two 
extremes,  by  noticing  every  fact  which  seemed  to  constitute  an  essential 
link  in  the  chain  of  historic  exposition,  but  studiously  aiming  at  con- 
ciseness in  all  those  instances  wherein  explanation  would  be  necessarily  so 
prohx  as  to  defeat  its  own  object.  This  remark  applies  more  particularly 
to  the  subjects  relating  to  tiie  Theory  of  Gravitation.  With  respect  to 
the  remaining  portion  of  the  work,  it  is  to  be  hoped  that  no  reader  pos- 
sessing an  ordinary  acquaintance  with  the  elements  of  astronomical  science 
can  experience  any  difficulty  in  pursuing  it  through  its  details. 

In  a  work  demanding  extensive  research,  and  embracing  a  great  variety 
of  subjects,  some  of  which  are  of  a  very  abstruse  nature,  it  is  not  pro- 
tended that  imperfections  may  not  be  discovered.  I  may  be  permitted, 
however,  to  state,  that  it  has  not  been  without  carefully  consulting  all  the 
original  authorities  accesssible  to  me,  and  bestowing  an  attentive  con- 
sideration upon  each  subject  which  it  embraces,  that  I  have  ventured  to 
submit  this  production  to  the  judgment  of  the  public.  It  is  to  be  hoped 
that  the  accomplished  reader  will  be  enabled  to  discern  in  the  following 
pages  sufficient  evidence  of  the  justness  of  this  statement,  to  induce  him 
to  regard  with  indulgence  the  shortcomings  of  the  author  in  so  far  as  his 
personal  abilities  are  concerned. 

It  affords  me  sincere  pleasure  to  have  this  opportunity  of  gratefully 
acknowledging  my  deep  sense  of  obligation  to  Captain  R  H.  Manners, 
KN.,  Secretary  of  the  Royal  Astronomical  Society,  whose  kind  encourage- 
ment and  readiness  in  promoting  my  views  I  beneficially  experienced  on 
numerous  occasions  while  engaged  in  preparing  these  sheets  for  tho 
press. 

R.  GRANT. 
London,  March  2,  1852. 
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PHYSICAL  ASTRONOMY. 


INTRODUCTION- 

Areokoht  is  not  oiiW  one  of  tbe  most  ancient  of  tiie  physical  sciences, 
bottboone  of  tlio^e  vvhkb  firesent  the  most  alluring  iuviuitlons  lo  the 
contemplatiTe  mind.  Tbe  starry  heavens,  spangling  with  countless  lutni- 
wtrica  of  every  slmde  of  brillinnpy,  and  revolving  in  eterniil  harmony 
uinn<l  th«  eartb,  constitute  out  of  the  most  imposing  ftpect4wles  wbkli 
tiiiiire  oliers  to  our  obfiervation.  The  w'aning  of  tlie  plucid  moon,  tbe 
larietv  aud  ^splendour  of  the  conBt^llalions,  ftiiii  the  dazzling  luelre  of  the 
mora mg  and  evening  star,  must  in  all  ages  have  excited  emotions  of  ad* 
uiinitiwu  and  delight.  Sometimes  the  occurrence  of  an  eclipse,  or  tlie 
i^fjJJen  app«arat»ce  of  a  comet,  would  create  nni versa]  astoniehmetit  and 
terror;  for  these  tmuFiual  phenomena  have  been  generally  regai-ded  in 
early  times  as  mftnifestations  of  divine  displeasure,  and  the  precursors  of 
»>Hiie  iuipending  ailaniity.  But  tbe  wants  of  mankind  rendered  iiidis' 
I  pensable  t.ome  degree  of  attention  to  the  appearance  of  the  heaveng,  even 
'  in  ihe  nidest  atato  of  society.  The  sun  and  moon  roitnster  so  obviously 
1  lo  our  subsistence  and  comfort,  that  their  motions  could  not  fiiil  to  bo 
I  uttclied  with  interest  in  aU  ages.  The  atars,  too,  would  soon  be  found 
^^  subserve  some  useful  purposes.  The  mariner  would  ^nd  in  tliem  an 
^Bberring  guide,  while  pui-^uing  his  way  through  tbe  ocean  ;  and  the  hua- 
^wndman.  by  observing  the  times  of  their  rising  and  eetiiog  throughout 
tiie  year,  would  obtain  indications  of  the  change  of  the  seasons,  and  would 
thereby  be  enabled  to  regulate  tJie  laboare  of  tho  field, 

Uut  a  powerful  incentive  to  study  Astronomy  in  early  ages  originated 
in  a  delusive  opinion,  that  the  destinies  of  human  life  were  affected  by 
the  gepects  and  positions  of  the  stars.  Nor  is  it  to  be  wondered  at  that 
these  unapproachable  objects  should  have  been  invested  with  ft  mysterious 
inQuence  before  science  had  disclosed  their  real  nature.  If  the  aun,  by 
•dfancing  wiih  majestic  regularity  in  his  annual  course,  exercised  so  be- 
nign sn  influence  on  the  animal  and  vegetable  world,  the  planets,  on  the 
other  hand,  by  their  wayward  evolutions  and  ever  varying  contiguratinna, 
af^teared,  naturally  enough  to  minds  imbued  with  imperf^^-t  notions  of  tbe 
■s  of 'creation,  meetly  to  foreshadow  the  countless  vicissitudeft  of 
life.  Hence  the  phenomena  of  the  pbinetary  movements  were 
ihed  with  feelings  of  superstitious  awe;  and  all  tin?  particulars  relat- 
to  ihcm  were  carefully  recorded  for  future  guidance. 
it  is  in  Asia,  the  seat  of  all  tlje  early  inventions  of  mankind,  that  we 
rm  the  dawn  of  this  sublime  science.  The  annals  of  the  Chinese  con- 
n  the  earliest  records  of  ceiestial  phenomena ;  but  the  Chaldean  observ- 
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fttTons  UTO  iwx^ro  interosUng  to  Europeans  on  account  of  their  connexion 
\\ith  nv>«i<'n\  «*Uv«o»«y.  Tlie  serene  skies  and  mild  climate  of  central 
AsiA  Nx-on*  (»«u«<»i>tly  favourable  for  contemplating  the  heavens.  Accord- 
intflv  wv  \\\\\\  th«t  ftt  Babylon  eclipses  and  other  phenomena  were  assidu- 
ously obsorvtni  lV>m  a  very  remote  antiquity. 

\i\\{  nu'»x»  \»lvsorvfttion  cannot  constitute  science.  Facts,  however  care- 
(\\\\\  v\K\\\\\i''\\,  must  be  subsequently  scrutinized,  compared,  and  classified, 
bolvMV  ««v  gouoml  conclusions  can  be  derived  from  them,  relative  to  the 
(UiiMtutMuoutH  of  the  material  universe.  The  astronomers  of  Asia,  al- 
(bottl^h  |wUi«»nt  observers,  do  not  appear  to  have  in  any  age  aspired  to  this 
\\\\\\\^  o\«Uoil  occupation  of  the  mind.  The  Greeks  first  reduced  the 
Khowbnlf'o  relative  to  the  celestial  motions  into  a  systematic  form.  This 
nbjoot  wm  not,  however,  effected  during  the  early  period  of  Grecian  his- 
tory. 'ri»>  Chaldeans,  by  confining  their  attention  to  the  mere  occurrence 
»i|'  pht'uoniona,  wore  unable  to  arrive  at  general  views  of  the  celestial 
luoltiuiH :  the  philosophers  of  the  Grecian  schools,  on  the  other  hand,  long 
\\tiMttJ(l  tiioir  transcendent  talents  in  groundless  speculations,  which  were 
tiiiuiilly  iueiTectual  in  producing  any  permanent  influence  on  the  progress 
(i(  Arttronoroy. 

Aiuitl  tho  numberless  ideas  which  perpetually  occurred  to  the  specula- 
(ivu  minds  of  the  Greek  philosophers,  it  is  perhaps  not  surprising  that 
Uio  true  Hystem  of  the  world  should  have  suggested  itself  to  them.  Py- 
ihagoruH  M  said  to  have  taught  his  followers  that  the  sun  is  placed  im- 
iiiovuublu  in  the  centre  of  the  universe ;  and  that  the  earth  moves  round 
liini  in  on  annual  orbit.  This  system  was  first  taught  publicly  by  Phi> 
luiuuN,  and  was  adopted  by  several  ancient  philosophers.  Nicetas  of  Syra- 
(iUH(t,  uu  the  other  hand,  is  said  to  have  explained  the  diurnal  appearance 
of  the  heavens  by  the  motion  of  the  earth  round  a  fixed  axis.  The  ulti> 
niuto  abandonment  of  these  sublime  doctrines  by  the  Greek  philosophers, 
hiw  boon  attributed  to  the  hostility  of  the  Aristotelians,  who  had  placed 
Uiif  uiirth  immoveable  in  the  centre  of  the  universe.  It  is  doubtful,  how- 
evur,  whether  they  were  at  any  time  supported  by  sound  ai^uments  dra^na 
fi'i>m  observation.  We  know  at  least  that  the  Pythagoreans,  like  the 
othtir  sects  of  the  Greek  philosophers,  were  more  prone  to  indulge  in 
N]>tii!ulation  than  to  examine  facts. 

1 1  was  not  until  the  reign  of  the  Ptolemies  commenced  at  Alexandria, 
tbut  Astronomy,  under  the  munificent  patronage  of  those  princes,  was 
luillivatcd  as  a  science  of  observation  and  theory.  Hipparchus,  who 
IliMirinhed  about  the  year  160  a.o.,  is  the  most  illustrious  astronomer  of 
itutiquity.  The  island  of  Rhodes  is  known  to  have  been  the  principal 
Hcviin  of  his  labours.  He  is  also  alleged  to  have  made  observations  at 
Aluxandria;  but  this  is  a  point  which  cannot  be  easily  decided.  This 
ureat  man  was  at  once  a  mathematician,  an  observer,  and  a  theorist;  and 
III  all  these  capacities  he  exhibited  powers  of  genius  of  the  highest  order: 
only  two  or  three  individuals  can  rank  with  him  in  the  history  of  physical 
wiience.  We  owe  to  him  the  earliest  catalogue  of  the  stars,  and  the 
II I'M t  theories  of  the  sun  and  moon,  in  which  their  motions  were  submitted 
Ui  Htrict  calculation.  He  also  executed  the  greater  portion  of  the  observ- 
atloiiH  for  a  similar  theory  of  the  planets ;  discovered  the  precession  of 
the  i^quinoxes,  and  invented  the  sciences  of  plane  and  spherical  trigono- 
metry. He  represented  the  motions  of  the  sun  and  moon  by  means  of 
epicycles  revolving  on  circular  orbits.  This  ingenious  hypothesis  had 
boeu  already  imagined  by  the  Greek  philosophers ;  but  it  proved  of  little 


long  as  it  was  DDaccompaoied  hj  a  cdciilns.  Hipparcliua  sup- 
is  desideratum  Uy  his  inventioD  of  trigonoioetiy,  and  computed 
HMm  of  Uie  3nu  a.ud  moon.  The  epicjcHcu  ibeory  did  not  indeed 
ticeord  with  the  real  state  oi  tbe  heavens ;  bat  U  served  the  valuable  pur- 
pose of  enabling  the  astronomer  to  group  together  the  facts  derived  from 
obwrration,  and  to  predict  the  places  of  the  celestial  bodies  with  all  the 
teeaney  demanded  bj  the  existing  condition  of  practical  science.  Nor 
^onld  it  be  forgotten^  in  estimating  the  merita  of  this  theory,  that  it  was 
bj  a  comparison  of  its  resalts  with  those  derived  from  actual  observation 
that  the  real  nature  of  the  planetary  motions  was  finally  discovered. 

The  most  eminent  aatronomer  of  aijci«Jnt  times  after  Hipparcbus  is 
Ptolemy,  who  Eouri&hed  about  tbe  year  140  a. d.  He  devoted  nis  atten- 
tioQ  chieQr  to  the  task  of  extending  and  improving  the  theories  of  Hip- 
parthtis.  He  established  the  theory  of  the  planets  in  accordance  with 
the  prioriplea  of  that  astronomer.  He  also  discovered  the  inequality  in 
the  moon's  longitude,  termed  the  evecliou,  and  was  tbe  fimt  who  pointed 
oat  the  effect  of  refraction  in  aUering  the  place  of  a  heavenly  body.  He 
it  the  outhoT  of  a  treatise  on  Astronomy  called  in  Greek  tiie  Syntaxis. 
boi  which  has  been  more  frequently  designated  by  tbe  Arabian  name  of  the 
A]tBage4t  This  work,  which  baa  come  down  to  as  entire,  is  remarkable 
for  containing  nearly  all  tbe  knowledge  we  possess  of  the  ancient  Astro- 
nomy,  Ptolemy  adopted  as  tbe  basis  of  his  work,  the  system  of  the  world 
which  pliices  the  earth  immoveable  in  the  centre  of  the  universe,  the  sun, 
Bjoon,  and  pknets  revolving  severally  in  orbits  of  different  magnitudes, 
•ad  the  whole  heavens  turning  romid  it  every  twenty-four  hours.  This 
l^ttem  has  been  termed  the  Ptolemaic,  because  it  wan  defended  by  tbe 
•athor  of  the  Syntaxis ;  but,  if  we  are  to  look  for  its  origin,  we  must  aa- 
eattl  to  a  much  higher  antiquity. 

With  the  irruption  of  the  followers  of  Mahomet  into  Egypt,  and  the 
destruction  of  the  famous  library  of  Alexandria,  aliout  the  middle  of  the 

enth  century,  the  science  of  Astronomy,  which  bad  long  been  declining 
ng  the  Greeki,  finally  ceased  altogether  to  be  cultivated  by  that 
people.  TVie  Arabians,  who  now  succeeded  to  the  empire  of  the  civilized 
world,  devoted  themselves  with  laudable  assiduity  to  the  study  of  the 
Greek  authors,  and  Bagdad  heuceforth  assumed  the  place  of  Alexandria, 
ffl  ihe  centre  of  Utomture  and  philosophy.  Astronomy  was  cultivated  by 
them  with  great  ardour :  but,  like  all  other  oriental  nations,  they  exhibited 
an  itiOK{lMcitT  for  speculation,  and  consequently  the  science  did  not  acquire 
■ny  exieB«ion  from  their  laboure.  They  generally  adhered  with  sui»er- 
niboas  rererence  to  the  theories  of  the  Greek  astronomers,  which  they 
toaght  to  amend  only  by  means  of  more  accurate  observations.  In  the 
pfiedca.!  department  of  the  science  they  indeed  displayed  a  marked 
■Ifeiiority  to  their  masters,  whose  natural  genius  was  averse  to  the 
iDOiiOCOQous  task  of  observation,  The  Araldan  astronomers  may  be  said 
io  hftre  acted  merely  as  tbe  ialthful  guardians  of  science  until  the  progress 
of  events  transferred  it  to  a  raco  of  greater  intellectual  vigour. 

After  ages  of  profound  slumber,  Western   Europe  finally  awoke  to 

riue  her  glorious  career.     In  the  ninth  and  tenth  centuries,  several 
htene^  persons  travelled  from  Frunce  and  England  into  Spain,  to 
mathematics  and  astronomy  at  the  Moorish  universities,  aud  upon 
turn  home  disused  a  knowledge  of  those  sciences  among  their 
ccftmtrymen.     In  the  thirteenth  century  the   Almagest  was  translated 
from  Aiftbic  into  Latin^  under  the  auspices  of  the  emperor  Frederick  tbe 
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Second.  This  step  was  attended  with  the  most  beneficial  consequences  to 
the  study  of  Astronomy,  which  was  now  rendered  generally  accessible  to 

C arsons  of  learning  throughout  all  those  countries  where  the  Latin 
nguage  prevailed.  In  the  thirteenth  century,  Alphonso  X.,  King  of 
Castile,  conferred  a  great  benefit  on  science  by  causing  the  publication  of 
new  tables  of  Astronomy.  They  were  executed  at  an  immense  expense, 
under  the  superintendence  of  the  most  eminent  astronomers  who  could  be 
found  at  the  Moorish  universities.  Alphonso  is  reported  to  have  said  of 
the  prevailing  system  of  Astronomy,  teeming  with 

**  Cycle  upon  epicycle,  orb  on  orb," 

that  if  the  Deity  had  consulted  him  at  the  creation  of  the  world  he  would 
have  given  him  good  advice.  This  remark,  though  irreverent  in  the 
highest  degree,  was  doubtless  meant  to  convey  a  censure  upon  the  cumbrous 
mechanism  by  which  the  system  of  the  world  was  represented,  rather  than 
upon  the  actual  arrangements  of  the  system  itself. 

About  the  close  of  the  fifteenth  century  the  study  of  Astronomy  received 
a  great  impulse  from  the  labours  of  Furbach  and  Regiomontanus,  two 
Germans  of  very  original  genius.  They  introduced  some  modification  of 
the  ancient  theories,  and  improved  the  methods  of  calculation.  Nearly 
about  the  same  time  the  art  of  observation  was  revived  by  Waltherus,  an 
astronomer  of  considerable  merit,  and  a  native  also  of  Germany. 

Nicholas  Copebnicus,  the  restorer  of  the  true  system  of  Astronomy, 
was  bom  at  Thorn,  a  town  in  Polish  Prussia,  on  the  12th  of  February, 
1473*.  This  illustrious  man  was  gifted  with  a  profound  sagacity,  whidi 
enabled  him  to  distinguish  the  genuine  principles  of  nature  from  the 
contrivances  of  the  human  imagination.  He  had  long  meditated  on  the 
system  of  the  world,  and  was  struck  with  the  complication  of  the  theory 
representing  it,  when  contrasted  with  the  harmony  which  eveiywhere 
pervaded  the  arrangements  of  creation.  The  earth  was  placed  immoveable 
m  the  centre  of  the  universe,  while  the  sun,  moon,  and  planets,  and  even 
the  stany  heavens,  revolved  round  it  with  inconceivable  velocities.  He, 
however,  considered  it  impossible  to  reconcile  this  hypothesis  with  the 
variable  appearance  presented  by  the  superior  planets  in  different  parts  of 
their  orbits  relative  to  the  sun.  He  remarked  especially  that  when  Mars  was 
in  opposition,  he  almost  rivalled  Jupiter  in  brilliancy,  while  towards  conjuoo- 
tion  he  dwindled  to  a  star  of  the  second  magnitude.  This  fact  appeared  to 
him  to  offer  irresistibly  conclusive  evidence  that  the  earth  could  not  be  the 
centre  of  the  planet's  motion.  He  now  began  to  ponder  upon  the  opinions  of 
gome  ancient  philosophera  on  this  subject.  He  found  m  the  writings  of 
Martianus  Capella  an  opinion  ascribed  to  the  Egyptians,  which  supposed 
Mercury  and  Venus  to  revolve  in  orbits  rouna  the  sun,  while  they 
accompanied  him  in  his  annual  motion  round  the  earth.  He  perceived 
that  this  theory  would  offer  a  most  satisfactory  account  of  the  alternate 
appearance  of  the  planets  on  each  side  of  the  sun,  and  would  also  deter- 
mine the  limit  of  their  digressions.    The  increasing  magnitude  of  the 

*  Copernicus  died  in  the  year  1543.  He  was  of  Sclavonic  extraction.  His  graod- 
fiitber,  Nicholas  Copernicus,  was  a  native  of  Bohemia;  but  about  the  close  of  the  four> 
teenth  century  he  removed  to  Poland,  and  established  himself  in  Cracow.  His  name 
appears  inscribed  in  the  records  of  that  city  for  the  year  1396.  His  Bohemian  origiD  wag 
duly  attested  on  the  occa«on  of  his  enrolment 
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Jot  planets  as  they  approached  towards  opposition,  when  cont^ni plated 
coimexioa  with  this  doctrine,  naturally  lea  him  to  conceive  that  thejf 
ibo  EQighl  probably  revolve  round  the  sun  os  the  centre  of  their  m'»tioD8. 
This  cunrlasioQ  waa  strengthened  by  the  opinion  of  Pythagoras,  who  had 
ptieed  the  sun  immoveable  in  the  centre  of  the  universe,  ami  assigned  to 
the  einh  ao  annual  motion  in  theecliptic.  Finally  it  (K;cnn-ed  to  him,  that 
MMtas,  of  Syracuse,  and  some  other  ancient  philosophers,  had  sapposed 
the  heavens  to  be  at  reat,  and  sought  to  explain  their  diamal  cliaugeg  by 
uoibini;  to  the  earth  a  motion  round  a  hxed  axi<;.  Having  leHccted 
prolbondly  upon  these  varioua  principles,  he  found  that,  by  combining 
them  together,  the  resulting  system  occoimted  with  the  niont  acmpuloua 
fidt^ity  for  all  the  phenoraena  of  the  celestiid  motions,  while  it  was 
disiingnisUed  by  a  union  of  harmony  and  simplicity  which  admirably 
leoorded  with  the  general  economy  of  nature.  The  alternate  vicisaitudes 
d  night  and  day,  the  varied  circle  of  the  seasons,  the  stations  and  retro- 
gradations  of  the  planets,  and  their  variable  app^rance  at  different  times 
«{  the  year,  all  offered  tiiemselvea  as  immediate  consequences  of  this 
betntifiil  syBteni. 

Aoeording  to  Copernicus,  then,  the  sun  is  placed  immoveable  in  the 

ttmtxe  of  the  universe,  and  all  the  planets,  including  the  earth,  revolve 

d  him  in   the  order  of  the  gigns  in  concentric  orbits,  Mercuij  and 

as  revolvijig  within  the  earth "s  orbit,  and  all  the  other  planets  ivithout 

While  the  earth  is  traversing  her  atnmal  prbitj  she  is  aho  constantly 

iBTOlving  from  west  to  east  round  a  fixed  nxis  passing  through  the  celestial 

poles,    accomplishing    a  complete    revolution   every   tweuty-four  hours. 

Copsrnieaa  explained  the  motion  of  the  moon  by  supposing  her  to  revolve 

ia  a  monthly  orbit  round  the  earth,  while  at  the  same  time  she  acconapanied 

lier  in  ber  annual  motion  round  the  sun.  He  also  very  ingeniously  accounted 

for  the  precession  of  the  equinoxes,  by  atUibuting  to  tlie  eartli's  axis  a  slow 

waical  motion  in  a  direction  opposite  to  the  appai-ent  motion  of  the  stars, 

Thk  great  man  has  given  to  the  world  a  full  exposition  of  liia  principles 

ID  his  ttimoua  work,  "  De  Ilevolutionibiisi  Orbium  Celesiium,"     It  i*^  suid, 

lilt  he  received  the  tirst  copy  of  this  work,  upon  the  contents  of  which 

Kbid  meditated  thirty-ivut  years,  only  a  fevv  hours  before  hia  death. 
Altlioagh  Copernicas  greatly  simplified  the  system  of  the  vorld.  lio 
II  retxuned  the  machinery  of  epicycles  to  represent  the  niotioua  of  the 
metn,  and  therefore  left  an  ample  iield  of  research  to  his  successors, 
Ifcttefore  the  investigation  of  the  actual  form  of  the  plaoeta^ry  orbitn 
B*  be  prosecuted  witli  any  hopes  of  success,  it  was  nece35ary  that  a 
B  iuiprovemont  shoittd  be  effected  in  practical  Bstronomy.  The  art  of 
ohnervatioQ  Btill  continued  in  the  same  condition  in  vihich  it  existed 
MBOug  the  Greeks  and  Arabians.  CopemicuH  was  less  conspicuous  for 
dtd  qualities  of  an  obsen'er  than  for  hi^  sagacity  in  unfolding  the  priu- 
cMet  of  nature.  The  various  tables  of  ai^tronomy  had  all  lUHen  con- 
OMBlbly  into  error^  and  the  necessity  of  reconstructing  them  upon  a  more 
locurate  basis  appeared  indispensable  to  the  future  progress  of  the  science. 
It  is  clear,  then,  that  the  present  crisis  required  less  a  theorist  of  the  first 
order,  tlian  an  astronomer  who  might  possess  sufticient  genius  and  practical 
kkili  to  perfect  the  methods  nf  ohsenation,  to  imagine  new  instruments. 
and  by  these  means  to  eatabHssh  a  number  of  accurate  facta  relative  to  the 
iQotions  of  the  planets.  These  qualities  >vere  eminently  fulttUed  in  Tvcno 
BiUHK,  whose  labours  introduce  a  new  era  in  the  art  of  observation. 
This  iUostiious  astronomer  was  bom  in  the  year  1546  at  Knudsthorp,  a 
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firovi(i(?e  of  0«edeni  then  attached  to  the  Dapi$h  monarchj.  His  great 
crlclirity  indticed  Ferdmand,  king  of  Denmark,  to  build  for  him  in  the 
inliiiul  (}f  Hueua,  at  the  nioutli  of  the  Baltic,  a  magnilkent  observalorj, 
whkh  he  designated  by  the  a2jpellation  of  Uraniburg,  or  the  City  of  th« 
lloaven^i.  Herein  he  depoaiCed  a  Diagniticent  collectiou  of  instruDaents,  and 
under  the  munificent  patronage  of  his  sovereign  hd  continued  to  proaecute 
retiearehes  in  astrononiy  during  a  period  of  nearly  twenty  years.  Several 
irtijHitrtant  diiscoveries  relative  to  diiTerent  bmncbe^  of  the  science,  and  a 
\nnt  inftsa  of  obsen-ations,  intinitely  eiiperior  in  point  of  accuracy  to  any 
that  had  ever  befare  l»een  executed,  were  the  hnppy  result  of  hia  labourB. 
Stmnge  to  say,  he  rejected  the  Copernicati  system  of  the  world,  adopting 
ill  ita  stead  a  system  of  his  own,  called,  in  coneequence,  the  Tychoniu. 
Acifordiijg  to  this,  sjgtem  the  earth  is  placed  immoveable  in  the  centre  of 
the  universe,  while  the  sun  revolves  in  an  annual  orbit  in  the  ecliptic, 
iit-conipanied  by  all  the  planets  circulating  round  him  as  the  centre  of  their 
motions-  The  inferiority  of  ihiei  system  to  the  Copenvican  is  so  obvioua 
that  it  found  only  a  very  small  number  of  followers,  and  it  soon  fell  inli^ 
total  ohhviou. 

This  eminent  astronomer,  who  had  contributed  so  much  towards  the 
glory  of  Denmark,  had  the  misfortune,  in  the  latter  part  of  his  life,  to 
incur  the  hostility  of  the  ministers  of  his  sovereign,  Chrbtian  VII.,  ivho 
succeeded  Frederick  go  the  throne.  They  were  mortified  to  Cntl  them- 
selves completely  eclipsed  by  iheir  illustrious  cotmtrriaan,  who  had  won 
his  laurels  in  a  field  which  they  bad  been  always  accustomed  to  regjird 
irith  contempt.  They  were  especially  chaj^ued  on  account  of  the  number 
of  distinguished  individuals  who  annually  resorted  from  all  porta  of 
Europe  to  the  island  of  Huena,  to  pay  their  respects  to  ita  reuomied 
inlirti»itant.  Under  the  pretence  that  the  finances  of  the  kingdom  could 
no  longer  admit  of  maintaining  the  establisbment  of  Uraniburg,  they 
totally  withdrew  from  him  the  revenue**  which  Frederick  had  assigned  to 
him  for  that  purpose;  and  he  was  compelled,  itt  consequence,  to  look  out 
for  an  asylum  in  a  foreign  land.  He  finally  selected  Germany  as  hit 
future  place  of  residence,  Kmbarking,  therefore,  in  a  small  vessel  with 
his  family,  after  putting  on  board  his  books,  hia  instruments,  and  aU  his 
efi^tets,  he  set  sail  from  the  beloved  scene  of  his  labours,  and  luide  a  tinal 
fai^well  to  bis  ungrateful  comiirj*.  He  was  kiodly  received  by  tiie  Em- 
peror Hodolpb,  who  bestowed  on  him  the  appointment  of  imperial 
aaliviuomer,  and  assigned  to  him  a  splendid  umnaion  near  the  city  of 
Prague.  He  was  not  destined,  however,  to  enjoy  long  the  favours  of  Ins 
new  patron  ;  for.  only  two  or  three  yeai-s  after  his  arrival  in  Germany,  he 
WR3  seized  with  a  severe  illness,  of  which  he  expired  on  the  14th  of  Oc- 
tober, IflOl,  in  the  fifty-fifth  year  of  \m  ogo. 

While  the  study  of  Astronomy  continues  to  delight  the  human  mtnd, 
the  name  of  Tycbo  Brahe  will  be  lield  in  grateful  remeiiibrnTice.  The  vast 
extent  of  this  asirononit«r's  observations,  iho  ingenuity  of  his  methods, 
and  the  patience  and  skill  which  he  exhibited  in  carrj-ing  them  into 
etTeet,  have  deservedly  canied  for  him  an  immortal  reputnlion.  He 
did  not  indeed  scan  the  heavens  with  the  philosophic  eye  of  a  Kepler 
or  a  Xewton,  but  his  labours  were  no  less  essential  to  the  progress  of 
istronomy,  than  the  more  capti%'ating  discoveries  of  the^e  illustriona 
geniuHcs.  His  catalogue  of  the  stare,  his  researches  on  comets  and  on 
ni(Bction,  and  his  beautiful  discoveries  in  the  motion  of  the  moon,  will 
itiMin  enduring  monuments  of  his  gloiy.    Nor  can  it  be  accounted  Hie 
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of  th«  obUg&tioiis  iKliicb  pcsteritj  owes  to  hitn,  that  hii  fleoualt 
on  the  planets  were  the  means  of  conducttag  Ke|)l«r  to  tilt 
of  tiiose  Ikmous  laws  wluch  form  the  groundwork  of  modeni 
If* 

Few  of  tliose  [^looophers  who  luiTe  extended  the  boundaries  of  6<cienc« 
have  aocomplidhed  results  of  equal  imporlaDCtf  with  those  due  to  the  iJlus- 
ixiotia  Kkpler.  This  emineut  astrunoiuer  wus  burn  at  Wiel,  in  the 
Duchjr  af  Wirtemberg,  in  the  ysfur  }I>11.  QiSted  wiib  a  geniuiii  of  th« 
liiglMtt  order,  and  a  strong  tendency  toward:i  gpeculatiun,  he  seemed  d«c> 
littiad  lif  ProTidence  to  effect  n  complete  revolution  in  the  theories  of  Aa- 
UUKMBf.  Tjchos  observations  on  the  planets  were  eagerly  seized  by 
Inm;  andt  af^ar  seventeen  years  of  incessant  application,  during  whioh  he 
cenciBoed  to  gabmit  them  to  a  searching  acraliny,  he  finally  arrived  at 
Ukmo  £iidous  theorems  which  embody  the  true  principles  of  the  nysiein 
of  tbs  world.  Copemieus,  aa  we  have  ^ready  remnrked,  did  notnttnck  the 
]i|iilCiple  of  the  epioyclical  theory :  be  merely  sought  to  make  it  more 
liable  by  placing  the  eeatre  of  the  earth's  orbit  in  the  eenlre  of  the  uni- 
vtne*  This  w&g  iho  point  to  which  the  mutirma  of  the  planets  were  re- 
bn«d,  for  the  pbnea  of  their  orbits  were  made  tu  pass  tiirough  it,  and 
ihcir  points  of  least  and  greatest  velocities  were  also  tJt'terjiiined  with  ro- 

jce  to  it.     By  this  arrangement  the  mm  was  aituale  inatbematieally 
the  centre  of  the  planetary  systeoi,  but  he  did  not  fippear  to  havo 

physiod  connexion  with  the  planets  as  the  eenire  of  their  motions. 
The  Cppenucan  theory  continued  in  this  incomplete  stiile  until  Kepler, 
in  the  course  of  liia  consummate  researches,  demonstrated  the  impiirlant 
liict  thttt  the  planes  of  the  orbits  of  all  the  planela,  and  the  lines  joining 
their  Apsids,  passed  through  the  sun.  Tins  diae^jvory  alone,  by  iissigning 
to  the  snun  bis  just  relation  to  the  planets,  contributed  in  a  vast  degree 
lowards  9  more  accurate  knowledge  of  the  true  state  of  the  t+olar  eyatera. 

Kepler';*  famous  laws  of  the  planetary  motions  arc  known  to  every 
iwder.  The  first  i»,  that  all  the  planets  move  in  rllipsoi^i,  having  the  Bun 
IB  coe  of  tlie  foci ;  the  second,  that  a.  line  joining  the  phmet  and  tlie  sun 
Mseps  over  equal  areas  in  equal  times ;  the  third,  that  the  squares  of  the 
penodie  times  are  proporliomU  to  the  cubes  of  the  mean  distances  from 
UhB  tun.  Kepler  was  conducted  to  the  iirst  and  second  of  these  laws  by 
WtCircJies  on  the  muliou  of  the  planet  Minrs,  the  orbit  of  whii:h,  being 
now  •ooentric  than  that  of  any  of  the  other  superior  plnnets,  exliibited  in 
Mmngnr  relief  the  errors  of  the  ancient  theories.  They  were  first  an- 
MQDced  by  him  in  the  year  1005^,  in  his  famous  work,  "T)e  Motibus  Stellre 
Mnjtifi*"  *  The  third  law,  although  apparently  more  easy  lo  arrive  at,  did 
nnt  yield  to  his  researches  until  nine  years  afterwards.  The  delight  he 
frit,  upon  finding  he  had  discovered  thi**  law  may  be  imagined  from  the 
foUcnriiig  passage  of  his  work  on  **  Harmonicsi,''  iji  which  be  first  mentioned 
it.  *•  What  I  prophesied  twenty-two  year^  ago,  as  soon  us  I  discovered 
llie  five  solids  among  the  heavenly  orbits — what  I  lU'mly  believed  long  be 
fore  I  had  seen  Ptolemy's  harmonics — what  I  had  promised  my  friends  in 
tb«r  title  of  this  l>ook.  whioh  I  named  befura  I  was  sure  of  my  discoveiy 
—what  isi-Tfeen  year?  ago  I  urged  as  a  thing  to  l>e  sought — that  for  which 
I  joined  Tycho  Bralie.  for  which  I  settled  in  Pragiie.  for  which  1  have 
dt-iuted  the  best  part  of  my  life  to  astronomical  contempliitiong — -at  length 
I  have  brought  to  light,  and  have  recognised  its  truiU  beyond  my  most 

•  Arfroootnu  Nata,  Mu  Ph^cs  Ctttestifl  tradita  Cttmraentarii*  dc  Motibua  Sldl« 
^ttrtiv    Praga?,  IGOU, 
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sangoino  expectatioTia.  ,  .  .  .  .  It  is  now  eighteen  months,  since  I  got  the 
tirat  glimpse  of  light,  three  months  since  the  (hiAvn  ;  very  few  days  since 
tile  unveiled  suu,  moat  admirnhle  to  goise  on,  hurst  out  upon  me.  Ko- 
thing  holds  ine :  I  will  indulge  iii  my  sftcfed  fury ;  I  will  triumph  over 
tntinkiud  by  the  honest  cotife.s:3ion  timt  I  have  i^toleu  the  golden  vases  of 
the  Egyptians  *  to  build  up  a  tuhernacle  for  my  God  far  «wjiy  from  the 
confines  of  Egypt.  If  you  forgive  me,  I  rejoice:  if  you  are  angry,  I  can 
hear  it :  the  die  is  cast,  the  book  is  written ;  to  he  read  either  now  or  by 
jjoiterity,  I  care  not  >vhicb :  it  may  well  wait  a  century  for  a  reader,  as 
Uod  has  waited  six  thouiiaud  years  for  an  interpreter  of  his  worki?."!- 

'J'his  great  mAH  was  harassed  ^rith  poverty  thraughout  his  whole  career- 
He  filled  the  ollice  of  imperiul  astronoiner,  to  which  a  inuniGcent  salary 
waA  aitaiihed  [  but  he  found  by  stwl  experienrie  that  the  renmnemiion  ■was 
I'nthpr  nominal  than  real ;  for  nuly  a  miserable  pittance  of  his  cliiims  was 
doled  out  to  him  at  distitut  httervals  ;  and,  in  order  to  prevent  his  fiimily 
from  starvhig,  he  was  compelled  to  publish  a  low  prophesying  almanauk, 
for  which  he  entertained  the  utmost  contempt.  Iti  hopes  of  recovering 
the  tirrears  due  to  bitn,  he  resolved  to  proceed  to  Ratishon  and  represent 
his  claims  to  the  Diet.  Pursuant  to  this  design,  he  set  out  npou  his  jour- 
ney in  the  montli  of  Xovember,  1G3U,  and  arrived  in  lUtislwti  wonv  out 
with  ill  health  and  anxiety.  In  this  laat  appeal  to  his  coutiL-y  he  was  un- 
happily unsuccessful ;  and  the  disappointment  he  felt  in  consequence, 
reacting  upon  his  debilitated  frame,  threw  him  into  a  vioJent  fever,  which 
carried  him  off  a  few  days  afterwards,  in  the  sixtieth  year  of  his  age. 

Kepler  was  one  of  those  exalted  geniuses  who  appear  from  time  to  time 
on  the  theatre  of  the  world  to  give  an  impulse  to  the  progress  of  physical 
suieuce.  In  acuteuess  and  sagacity  he  is  equalled  among  modern  philoso- 
phers oidy  by  Galileo  and  Newton.  He  did  not  indeed  exhibit  the 
wariness  of  these  illustrious  sages  in  his  researches,  but  he  compensated  by 
his  daxing  adventure  for  his  want  of  stratageiic  skill.  tTJfted  with  an  ar- 
dent imagination,  wliich  revelled  in  the  formation  of  theories,  and  possess- 
ing itidoini table  ]vowei-s  of  application,  he  threw  the  whole  strength  of 
his  intellectual  faculties  into  hia  researches,  and  continued  to  prosecute 
theui  with  unceasing  energy,  until  he  assured  himself  of  the  truth  or 
falsehood  of  the  principles  on  which  they  were  founded.  Ho  was  no  doubt 
frequently  inrluced,  by  the  specious  illusions  which  conjured  themselves 
up  before  hi;^  mbid,  to  wiLSte  his  powers  on  a  mere  phantom ;  but,  even  in 
his  wildest  aberrations,  we  discern  Hashes  of  genius  which  threw  a  bright 
gleam  upon  many  obscure  fiojuts  of  nature,  and  served  like  so  many  guid- 
ing stars  to  succeeding  philosophei's.  His  candour  in  dismissing  hy- 
potheses as  8oon  OS  he  found  tliem  untenable,  was  no  less  remarkable  than 
the  aptitude  be  evinced  in  their  formation  ;  and  to  these  valualjle  qualities, 
combined  with  the  fertility  of  Uia  inventive  powera  and  his  unconquer- 
able pei^everance,  may  be  ascribed  the  brilliant  success  with  which  bia 
laboui-s  wcro  rewai'ded. 

The  advantages  which  accrued  to  the  ecience  of  Astronomy  from  Kep- 

♦  Kc[tler  a1Lud<>«  in  this  ntlcgnry  to  Plolemy,  who  had  flsed  wflh  remarliable  aectiracy 
Ihe  mtio  of  the  nrbit  of  ea:^'h  planpt  to  the  e^rth'i  orbit,  or,  Jn  the  kni^ofi^e  oF  the  Anccat 
AftFntiomy,  the  r^tio  of  the  der^ivnl  lo  the  cpirycle.  These  ratios,  slightly  correcteiJ  by 
Tycha  Bi^£,  furmed  the  data  by  tncatis  of  Kaiih  Ki'pJur  was  coiiducied  to  lih  greaii 
diicnvery. 

■f  Hdrmoiilccj  Mundi,  p.  173.  Sec  aUo  Liife  of  Kepler,  Library  of  U«eful  Know- 
ledge, 


Ubotus  are  obvious  to  eveiy  reader.     By  liis  discov  ,j.se  re- 

le  law3  uitk  which  his  name  haA  been  immortul  i  :ted,  he 

lazed  Lhe  enisling  theories  to  Uieir  v^r)''  foundation,  sweeping  awur  the 

Ytmle  macbjuerj  of  cycles  tmd  ppitj^'cles,  witli  which  Uie  huiiitiu  inmd  iii 

tbd  weakness  of  its  earlier  investigations  had  defaced  th*?  fairarnitigemeiits 

of  the  heavens^,  and  introducing  in  it^  Btead  the  sublime  gpectiicb?  of  the 

pknetfl  revol'cing  tvith  inajeiiiic  sim]j1icity  and  htirmony  in  elliptic  orbits 

roimd  the  sun  iu  the  foci.     In  all  his  investigations  he  suught  to  t^bape 

hs  tiieories  so  as  to  accovd  with  tha  physical  prini-iples  which  he  enti- 

ceiled  to  goTcro  the  ccU-niial  motions;  and.  alihough  he  him  nowhere 

Mecceded  lu  demoni&truiing  by  legitimate  reu^niug  the  reiiljty  uf  tJiose 

{tdncafilts..  still  the  prafiioe  whk-h  ho  pur»-ued  in  this  reuspeet  hud  the  ud- 

of  cantinually  le&dijij^  htm  lo  concoiitrntc  \m  ideas  on  the  niiUti 

of  hjb  researches,  aad  Uicreby  of  tinally  assuring  a  triumphant  i^ue 

labours. 

own  iaiaud  was  about  this  liino  adorned  by  a  diacoveiy  that  waa 

ed  it)  prove  of  iiu-alcidable  advantage  to  the  ustronoroer  in  bis  fu- 

tme  labours.     It  is  mauifevst  that,  as  the  ubsenatioiisi  on  the  celestial 

bodies  continued  to  acquire  greater  preci.sion,  it  became  necessary  to  intro< 

(loee  •  oorrch>ponding  degree  of  retiutiinent  into  the  cakulation^  tu  which 

diey  gkre  li^e.     The  sines  and  taugcuts  of  arc^.  ^vh)ch  form  the  \nmis  of 

such  calculatic^ns,  cannot  be  expressed  ia   fniiits   imniericjd  terais,  and 

'ore  admit  oidy  of  approximate  values,  which  ure  more  accurate  in 

on  to  the  number  ut  torms  they  i"-0[iiflfn.     The  ariLhmetietd  upera- 

perfoiined  on  such  functions  he(3*jme  in  consequeuce  exceedingly  la- 

;  and  this  is  very  apparent  when  we  couaidci"  that  the  que^jtious 

ane  and  spherical  trigononieiry  genrrally  com»»t  iu  liudijig  n  fourth 

roi«>rdaual  to  three  given  numbers.     The  illustrious  NAi'iEn-*,  by  his 

neniion  of  logaritbras,  supplied  astronomers  with  an  easy  and  universal 

eth'jd  of  abbreviating  all  such  calculations,  its  effect  being  to  replace 

rations  of  multiplieotion,  division,  and  evolution,  by  the  more  rora- 

s  and  agreeable  processes  of  adilition  and  subtraction.     "Tbig  ad- 

Smble  artiiice,"  sap  Laplace,  "  engrafted  on  the  iugot^ious  algorithm  of 

Indians,  by  reducing  to  a  few  days  the  worlt  of  seveml  moutii^,  doubles, 

H  me  mar  so  spealt,  the  life  of  the  astronomer,  and  spares  him  the  erroi-g 

and  llie  obgust  inseparable  iVora  long  culculuLions  ;  an  invention  which  is 

tbe  atot«  gratifyiug  to  the  human  mind,  in  so  far  as  it  has  derived  it  en- 

lirtly  firoui  iia  own  resoun;.es.     In  the  arts  man  avails  himself  of  the  ma- 

tembt  and  forc^  of  nature  to  increase  his  power;  but  here  everything  is 

IJiiaoim  •Kork.^f 
While  Napier  -was  pondering  in  remote  seclusion  over  his  immorlal 
InTeDtion,  and  Kepler,  amid  continual  struggles  with  poverty  and  mis- 
ibrtune,  was  engaged  in  those  toilsome  researches  which  resuUed  iu  placing 
the  ecieuce  of  Astronomy  on  its  present  basis,  universal  Europe  was  ring- 
ing with  the  fame  of  a  pbilosopbtr  whose  labours  produced  no  less  im- 
portant eSecta  on  the  progress  of  science  than  those  of  his  illustrious  cor.- 
tempomriee,  and  ushered  iu  withlitting  splendour  the  train  of  raagniticent 
daMoveries  by  which  the  seveuteenlh  century  was  so  eminently  diE" 
tiDguished. 

Gai.[i.£.o  Galilei  was  bora  at  Pisa,  a  city  in  the  Gntnd   Duchy  of 
Tu^ctny  in  Italy,  in  the  year  1564.     While  a  student  at  tho  nuiveraity, 
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he  dialinguighed  himself  hy  his  powers  of  discussion,  and  by  the  freedom 
with  which  lie  questioned  gome  of  the  leflding  doctrines  of  the  Aristolc- 
liim  philosophy.  At  this  period  of  bis  life,  also,  tha  idea  of  emplojing  the 
pendulum  for  the  purpose  of  measuring  time  flrat  suggested  itself  to  him, 
on  seeing  a  lamp  suspended  from  the  roof  of  the  cathedral  of  PisA  cou- 
tinuing  for  some  time  to  swing  to  and  fm.  Id  1000,  having  heard  that  a. 
Dultih  spectacle  maker  had  succeeded  in  combining  lenses  so  as  to  malse  dis- 
tant objects  appear  larger  and  nearer,  he  very  soon  succeeded  in  tracing 
this  effect  to  the  refraction  of  the  visual  ravs  in  passing  tfarough  the  glass; 
and  upon  this  principle  he  constructed  the  fir^t  telescope  med  for  acieutific 
purposes,  Tuming  his  instrument  towards  the  heavens.,  his  iugennity  soon 
found  its  reward,  in  the  discover)*  of  a  multitude  of  beautiful  phenomena. 
To  him  we  are  indebted  for  the  iirst  anuounceiuent,  that  the  sun  ia 
coTered  with  dark  irregular  spots — that  the  moon  is  diversified  with  hilla 
and  vallevs  like  the  etu'th — that  the  plaucLs  have  a  round  appearance  like 
the  sun  or  moon — that  Venus  exhibits  phases  depending  on  her  position 
relative  to  the  earth  and  stin^thut  Jnpiter  is  accompanied  by  four  satelhtea 
— tljat  the  appearance  of  Saturn  is  totally  unlike  that  of  the  other  planets — 
flnd  that  the  milky  way  consists  of  a  countless  multitude  of  stars.  He  also 
dificovered  tlie  diuma]  lihration  of  the  moon  ;  and,  from  the  solar  spots, 
he  drew  tlie  important  inference  that  the  aim  has  a  rotatory  motion  round 
&  fixed  axis,  Galileo  is  still  more  famous  for  hii^  researches  in  mechanical 
science.  He  was  the  first  who  announced,  in  distinct  terms,  the  principle 
of  virtual  velocities,  and  its  utility  in  determining  the  relation  between 
the  power  and  the  weight  in  all  combinations  of  machines.  He  also  dis- 
covered the  law  of  acceleration  of  falling  bodies,  whether  descending  verti- 
caUy  or  along  inclined  planes,  and  he  determined  the  path  of  a  projectile 
l*y  considering  the  horizantal  motion  to  he  uninfluenced  by  the  vertical 
action  of  gravity. 

The  brilliant  success  which  rewarded  the  physical  researchea  of  Galileo, 
and  the  withering  influence  which  hisdi^overiea  exercised  on  the  docUfinea 
of  the  Aristotelian  philosophy,  excited  against  him  t lie  implacable  animoaity 
of  his  opponents,  who  saw  with  dismay  the  boasted  citadel  of  learning, 
within  which  the  human  mind  had  for  ages  reposed  iti  comiilaccncy,  now 
ifisposed  to  the  powerful  and  reiterated  assaults  of  a  daring  innovator. 
'Unable  to  Tflnijiiish  him  in  the  field  of  argument,  they  sought  to  recover 
their  sinking  position  by  enlisting  the  church  nnder  their  banners  :  and, 
with  this  view,  they  proceeded  to  represent  the  Copemican  theory  as 
dangerous  to  religion,  by  contending  that  it  was  at  variance  Avith  the  re- 
ceived interpretation  of  the  Holy  Scriptures.  Galileo  became,  in  con- 
sequence, involved  in  a  quarrel  with  the  Church,  which  finally  resulted  iu 
his  being  aummoned  betbre  the  Inquisition,  and  compelled  to  abjure  on 
his  knees  the  doctrines  which  taught  that  the  sun  is  placed  immoveable 
in  the  centi-e  of  the  univer^^e,  and  that  the  earth  revolves  in  an  annual 
orbit  round  him.  It  is  said  that  the  'venerable  philosopher  had  no  sooner 
finished  this  humiliating  recantation  than  he  atamped  the  ground  with  his 
foot,  and  whispered  to  one  of  his  friends  "  E  pnr  si  rauove.'**  He  was 
condemned  to  strict  seclusion  during  the  remaining  few  years  of  his  life, 
and  died  in  1 01*2,  at  the  age  of  seventy-eight  rears. 

Galileo's  merits  as  a  philosopher  are  at  once  great  and  varied.     He 
broke  down  the  barrier  which  had  so  long  interposed  between  the  humaa 
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lial«rst«ndiog  abd  the  beautirul  s,y»teni  of  the  material  world,  donouncifif 
mill  uanvalled  force  the  pemiciciu.3  subtleties  &f  the  ^hools,  and  coO* 
tfiodiog  for  the  oecessiljr  of  eonataiit  obserration  and  experiiueut,  ss  the 
odIj  reliable  goides  in  conductiag  the  mind  to  geDeral  principles  in  pby- 
Mcsd  ^ricncf.  He  may,  tiierefore,  be  coinsidered,  in  conjuDctiou  "vvitb  our 
iUu$Uiou£  couiitirrdan,  Bacou,  to  have  founded  the  inductive  method  of 
inrestiigatiotu  by  the  aid  uf  which  man  has  achieved  50  tudiiy  brilliant 
eoski|ae6it9  o?er  nature  during  the  l&st  two  centuries.  Nor  ia  it  Im  aole 
BiMit  that  be  overt.hTew  the  idob  of  the  aticieut  phtl atrophy,  aud  reeom- 
oeculed  br  Jui  powerful  rea^uiug  the  necessity  of  a.  careful  examination  of 
iaelA  in  ail  physical  researches.  He  supplied  ilie  mu<>t  cuuclusive  argu- 
meute  in  fKrour  ol  hijt  principles,  in  the  multitude  of  spleudid  discoveries 
wliieli  bd  had  the  glory  of  tirst  announciug  to  ttie  world.  Uis  example 
■lao  atamolated  a  hand  of  nrdent  minda  to  embark  in  the  same  hopeful 
ttveer ;  ftnd  an  impulM  was  thus  giveii  to  the  study  of  exp6riuie»tal  phi- 
losophy wltieh  haa  contiaued  to  be  maiutiuned  witli  unabated  vigour  until 
tbe  rrfesent  day. 

The  aatr^nomif-al  discoveries  of  Galileo,  although  remarkable  for  their 
biilli«acy,  derived  their  chief  value  from  tlie  suppint  they  km  to  the 
Copemican  theory,  aud  the  influence  iliey  exerted  in  overthrowing  the 
fidae  system  of  philosophy  which  then  prevailed^  But  it  is  in  his  important 
reseanrbes  relative  to  mechanical  Bcienee,  that  the  gpniua  of  tbia  grent 
pliilosopher  is  most  apparent  The  science  of  motion  could  uot  indeed  be 
mid  to  Imvo  existed  before  his  time,  for  the  solo  koowledge  od  this  iub- 
Jeel  cimsisted  of  a  few  unintelligible  ma:cim»  scattered  through  tiio  works 
oj  Aristotle.  It  required  no  common  degree  ctf  |)enptrntion  to  expose  tlie 
errors  which  lurked  amid  the  sophiamg  of  the  illuistriQua  Stagyrite  ;  but  a 
geiiiua  of  a  higher  order  waa  necessary  to  eatabliab  the  clear  aiid  immutable 
kwa  df  iiatnrc.  in  the  room  of  tlie  unmeaning  subtleties  of  the  sebook, 
Tb«  saf^ity  and  skin  which  Galileo  display.s  in  resolving  the  phenomena 
of  mfition  into  their  constituent  eJenaents.  nnd  hence  debiving  the  original 
principles  involved  in  them,  will  ev^er  assure  to  him  a  distinguished  place 
«aB0Og  tbo^  who  have  extended  the  domains  of  science.  It  is,  perhaps, 
impoaRibte,  in  the  present  advanced  state  of  mechanical  philosophy,  to  form 
a  jngt  estimate  of  the  difficuhics  which  then  intei'posed  towards  a  precise 
Add  luminous  view  of  the  fundamental  principles  of  motion.  It  is  uui- 
versally  admitted  that  those  phenomena  which  come  under  the  daily  ob- 
serration  of  mankind,  and  which  on  that  account  do  not  possess;  any  salient 
features  on  which  the  imagination  can  repose,  are  generally  those  which 
are  most  liable  to  elude  the  iuquiries  of  ordinary  mindjj.  The  principles 
whicli  G&lileo  tfstablished  by  hid  sagacious  re^eardies  had  tha  eifect  of 
elevating  mechauicai  science  to  the  dignity  pf  Gtie  of  the  rao^t  important 
sIiI|}6CCb  which  ciiu  coucern  the  attention  of  mankiud.  They  were  esaeutiid 
eleiMllts  in  the  train  of  invcaligutiou  which  conducted  Newton  to  the  sub- 
liaae  discovery  of  Univer^  Gravitation  ;  and,  in  fact,  they  constitute  tlio 
\nm»  npon  which  the  vast  superstructure  of  the  physico-matbematical 
■eiaiicei  baa  been  reared. 

DwcAETEs  WTia  nndoubtedly  one  of  the  greatest  geniuses  of  the 
•eventeenth  centui^  -,  hat  it  can  hardly  be  said  tiiat  his  lalwurs 
bad  a  direct  tendency  to  promote  the  progress  of  Astronomy.  In 
order  to  account  for  the  motions  of  the  various  bodies  of  tlie  solar 
STStem,  he  imngined  the  famous  system  of  ethereal  vortices.  The 
^goflti  vcre  aU  BUpposed  to  revolve  in  a  vortex,  of  which  the 


wag  tlie  centre,  and  the  satellites  revolved  hi  smaller  vortices  rtintid 
tlieii*  respective  primaries.  This!  system  offered  ft  plauaiWe  exijlnna- 
tiou  of  the  moliou!?  of  the  planets  and  satellitea  iti  o«e  common 
direction ;  but  it  vraa  iiicoiiBisteut  with,  the  motioua  of  comets,  and  a 
multitdde  of  other  phenomena,  and,  besides,  waa  nothing  else  than  a 
mere  gratuitous  aiJSiimption.  Some  writer*!,  commend  the  Cartesian  fijs- 
tem  of  vordces,  as  the  earliest  attempt  to  explain  the  raotioug  of  the 
plajiets  hy  meichanical  principles  ;  hut  Delambre  has  justly  remarked,  tJmt, 
by  misleading  men's  minds  fi*om  ijftturoj  this  fiction  of  the  imnginatioii 
retarded  rather  than  promoted  the  progress  of  true  science.  Descartes, 
however,  deserves  honourahle  mention  in  the  history  of  Astronomy  on 
account  of  the  vigorous  effort**  he  made  to  overthrow  the  Aristotelian  phi- 
losnpliy,  and  especially  for  his  important  discoveries  in  the  pnre  mathe- 
matics. By  his  happy  innovation  of  expressing  the  fundamental  property 
of  a  curve  by  means  of  an  equatjoii  between  two  variable  co-ordinates,  he 
extended  incalculably  the  powers  of  analysis,  besides  thereby  preparing 
the  way  for  the  discovery  of  the  iufniitestimal  calculua,  and  its  application 
to  the  va-st  domain  of  Celestial  Dynamics. 

Nearly  about  the  same  time  with  Descartes  flourished  HuTGEjfs,  a  phi- 
losopher endued  with  equal  genius,  hut  exhibiting  greater  caution  in  Ms 
reseai'che:?.  Posterity  is  indebted  to  him  for  one  of  the  most  admirable 
inventions  of  niodeni  times — tlie  application  of  the  pendulum  to  clocks, 
Mechanical  cou.Htructions  moved  hy  weights  had  been  employed  to  measure 
time  as  early  a«  tlie  thirteenth  century,  and  Gidileo  had  already  conceived 
the  idea  of  using  the  pendulum  for  a  similar  purpose.  The  Italian  phi- 
losopher failed,  however,  in  nil  his  attempts  to  construct  an  accurate  time- 
keeper, because  he  couatantly  sought  to  apply  the  pendulum  as  the  prime 
mover.  Huygeua  aceompliahed  this  object  with  the  most  complete  suc- 
t'ei)S,  by  simply  ni akin g  the  pendulum  to  regulate  the  descent  of  the  weight 
in  the  ancient  clocks.  It  would  b^  difficult  to  say  whetlier  the  ordinary 
concenis  of  life,  or  the  more  rehned  purposes  of  science,  have  gauied 
most  by  this  valuable  improvement.  Hdygens  is  distinguished  by  his 
telescopic  discoveries  in  tJie  heavens.  He  it  was  who  first  established  the 
real  character  of  the  appendage  with  which  Saturn  is  farnisbed.  having 
found  it  to  consist  of  a  luminous  ring,  encompassing  the  body  of  the 
plunct,  at  an  appreciable  distance  from  his  surface.  He  also  discovered 
the  most  conspicuous  of  the  satellites  of  that  planet;  Ijut  be  forgot  his 
habitual  (raution  \vhen  he  asserted  that  as  his  discovery  made  the  numiter 
of  aatellites  equal  to  that  of  the  planets,  no  others  of  a  similar  kind  would 
be  made  in  the  solar  system.  Huygeus  discovered  the  principal  theorems 
relative  to  the  motion  of  a  body  compelled  to  revolve  in  a  circular  orbit, 
nnder  the  influence  of  a  force  acting  constantly  at  the  centre.  These 
theorems  were  announced  at  the  end  of  his  treatise,  "  Be  Horologio  Oscil- 
latorio,"  published  in  the  year  1071  ;  but  no  demonsti-atton  wars  given  of 
them,  iJy  his  elegant  speculations  on  the  evolutes  of  curves  he  also  faci- 
litated the  application  of  the  same  principles  to  orbits  of  variable  curva* 
tm'e.  This  philosopher  is  indeed  universally  admitted  to  be  one  of  the 
most  original  geniuses  who  ilonrished  in  the  seventeenth  century.  In  his 
intellectual  character  there  appears  the  rare  union  nf  all  those  (jtiulities 
whicli  form  the  mathematician  atid  the  experimental  philosopher.  In  this 
respect  he  approaches  more  nearly  to  the  illustrious  Newton  tliati  any 
other  individual  of  modern  times. 

C4S»iNi,  the  coDtemporary  of  Huygens,  waa  one  of  the  greatest  astro* 
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aoaMfs  v/i  tli«  age  in  which  be  lived.  We  owe  to  him  a  unltitade  of  da*- 
eavmia»  wliicfa  hare  secured  Tor  him  an  iro[ferkbAble  repotetioB.  Uo 
eeutnKtad  the  first  Ubl^  of  Jupiter's  satellites  which  could  Uj  mir 
dilai  to  teeancf.  H«  disoovered  four  of  Sfttams  satellites ;  determined! 
the  rotalioDs  of  Jupiter  and  Mais,  and  arrired  at  a  Teij^iproximale  v«Ioe 
of  the  solar  panllax.  He  also  discovered  the  belts  of  Jupiter  and  the 
xodrnaH  ligbt;  eetabH^ed  tbe  singular  comeidence  of  tbe  iiodes  of 
lite  htatt  eqoAtor  and  orbit :  »nd,  kstlj'.  oonstructed  an  excdknt  lalifo 
of  relnetiona. 

Wfaile  astirjQOmical  science  vrs  thus  flourifibitig  on  the  ContineDt,  it 
had  alreidr  dawned  upon  Engknd. 

HjLUUorr,  tlie  celebrated  m&tbematidan,  was  an  assidoom  obMincr  of 
eeleatial  phenomena.  We  owe  to  hini  some  valuable  obserntfioiw  ei  dM 
eontet  of  1607,  which  have  since  been  found  to  refer  to  one  of  tbe 
poTJodical  a|iparitioiLs  of  the  famous  comet  of  Hallej,  He  was  one  of  the 
fim  individuals  who  emplojed  the  telescope  in  exploring  the  heavens. 
Hia  obeeirations  of  Jupiter's  aatellites  date  from  the  1 7th  of  October, 
1610.  He  ako  obaerred  the  aolar  spots  very  soon  after  their  dieooTerf 
oo  the  Contiuent, 

J:titEiUAH  HoBRccES»  a  native  of  the  north  of  England,  displayed  a 
c^aciiy  of  the  highest  order  for  the  culdration  of  astronoiny ;  but  u»> 
{ortooately  his  career  was  soon  brought  to  a  close  bj  a  premature  death. 
We  owe  to  him  the  earliest  obserration  of  the  transit  of  Venus.  He  aod 
his  friend  Crabtree  were  the  only  two  individual  who  witnessed  tliis  rare 
nliMiomenon  on  the  24th  of  November,  16S9.  He  e£Eecied  an  important 
un|m>TemeDt  in  the  lunar  theory,  and  made  many  BagBcions  remului  on 
oilier  nibrjects  rekting  to  astronomy.  He  died  suddenly  on  the  3>rd  of 
Jawimfyt  1641,  at  the  age  of  about  twenty-two  years. 

W|i.TJ4M  Gasc'oign'e,  the  contemporary  of  Horrooks.  had  tbo  merit  of 
or^natiug  some  remarkable  improTements  in  practical  aatronomj.  He 
was  owe  rf  the  tirst  who  employed  the  Keplerian  teleec<9pe  in  astronomical 
ftbserviitioiis.  He  introduced  the  uae  of  telescopic  fiighta.  He  was  tho 
ori^fial  inventor  of  the  micrometer,  and  was  also  the  firat  who  applied  it  ' 
to  divided  iustraments.  Like  Horrocks.  this  highly-gifted  individual 
pendied  in  the  flower  of  his  age.  He  fell  at  the  battle  of  Martitoti  Moor, 
en  tfao^d  of  Juljr,  1044,  when  he  had  only  attained  the  age  of  tHenty* 
four  years. 

Hfirauus  was  one  of  the  EDoet  eminent  observers  of  th^  aovenieenth 
century.  His  kWurs  extended  over  a  period  of  about  fifty  years ;  but  as 
be  oootiiiaod  throughout  his  whole  career  to  adhere  to  the  ancient  methods 
of  pftetical  actFonomy,  the  results  achieved  by  him  do  not  posaeea  a  value 
oomtafOgaMa  with  his  merits  as  an  observer. 

Donog  the  seventeenth  century,  a  great  revolution  was  effected  in  prae- 
tiaal  astronomy.  The  application  of  tlbe  pendulum  to  clocka  by  Huygaena 
bad  the  effect  of  introducing  a  method  of  observiitiou  which  had  been 
deriaed  to  the  preceding  centary,  but  which  was  found  to  be  impracticable 
in  conaequence  of  the  difficulty  attending  the  measurement  of  time.  It 
eoodated  in  observing  the  altitude  of  a  eelestiol  body  on  the  meridian, 
tad  noting  the  ins  taut  of  its  passage.  By  this  meana  the  declination  and 
cigbl  ascension  were  obtniued  without  any  trigonometrical  calculation.  In 
OOBseqaenoe  of  this  improvement,  the  observations  of  the  celestial  bodies 
were  henceforward  made  chietl;  with  iti^trumenta  fixed  in  the  meridian. 
Tfa«  micTomeler,  the  iuventioo  of  which  is  due  originally  to  Gasooigne. 
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was  reinvented  on  the  Continent,  and  was  broaght  to  great  perfection  by 
AuzouT.  About  the  same  time,  the  use  of  telescopic  sights  was  introduced 
both  in  England  and  on  the  Continent. 

The  establishment  of  public  observatories  was  another  circumstance 
which  imparted  a  strong  impulse  to  the  cultivation  of  astronomy.  The 
earliest  of  these  institutions  is  the  Observatory  of  Copenhagen,  which  dates 
from  the  year  1656.  The  Royal  Observatory  of  Paris  was  founded  in 
1667,  and  the  Royal  Observatory  of  Greenwich  in  1676. 

One  of  the  most  eminent  astronomers  of  this  period  was  Picard.  We 
owe  to  him  the  first  careful  measurement  of  an  arc  of  the  meridian  upon 
strictly  scientific  principles.  He  was  also  one  of  the  first  astronomers  who 
employed  telescopic  sights  in  astronomical  observations.  His  remarks  on 
various  subjects  relating  to  astronomical  science  are  characterised  by  great 
sagacity.     He  died  in  the  year  1682. 

RoEMER,  the  Danish  astronomer,  has  immortalized  himself  by  his  dis- 
covery of  the  gradual  propagation  of  light.  This  important  fact  was  sug- 
gested to  him  by  observations  of  the  eclipses  of  Jupiter's  satellites,  which 
he  found  to  take  place  earlier  or  later  than  the  computed  time  according 
as  the  distance  between  the  earth  and  planet  was  less  or  greater  than  the 
mean  distance.  Its  truth  was  established  beyond  all  doubt  in  the  follow* 
ing  century  by  Bradley's  discovery  of  Aberration.  Roemer  effected  many 
important  improvements  in  practical  astronomy,  one  of  the  most  valuable 
of  which  was  the  invention  of  the  transit  instrument. 

During  the  latter  part  of  the  seventeenth  century,  astronomy  was  cul- 
tivated in  England  by  various  eminent  individuals.  Wrem  and  Hooke 
applied  their  attention  to  the  advancement  of  the  practical  department  of 
the  science.  They  also  contributed  by  their  splendid  talents  to  throw 
light  on  various  interesting  points  relating  to  theoretical  astronomy. 
Jakes  Gbeoort  is  known  to  most  readers  by  the  invention  of  the  re- 
flecting telescope  which  bears  his  name.  We  owe  also  to  this  celebrated 
mathematician  the  original  suggestion  of  the  utility  of  the  transits  of  the 
inferior  planets  for  determining  the  value  of  the  solar  parallax.  Flaic- 
BTEED  had  commenced  his  long  series  of  valuable  observations  at  the  Royal 
Observatory  of  Greenwich.  Hallet  had  returned  from  St.  Helena,  and 
was  ardently  engaged  in  promoting  the  objects  of  astronomical  science. 

We  are  now  arrived  at  the  epoch  of  the  immortal  discoveries  of  Newtoh. 
Before  attempting  to  give  an  account  of  them,  it  will  be  desirable  to 
notice  briefly  the  ideas  of  celestial  physics  which  prevailed  before  his 
time. 
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Ewl/  vodoM  of  Plijrnoil  Aaiitntoay. — Newtoo, — Hit  fint  KeMvdwt  oo  th«  Nilijed  of 
Gnvit^Vm.— C«i]K  of  bu  Ckiliire- — Correspoiidence  with  Hooka. — Hatuniptioo  of  hit 
^^L  Mtiooi  flcaevdbn.— Lair  of  the  Areu. — Motion  of  »  Bod;  in  an  Elliptic  OrbU*  the 
^^Kfans  Mwlaiglo  ihe  ifoan.-'tHcafd. — Bi*  Measarem«al  of  ui  Arc  of  the  M«»iduQ.^ 
^^V  Ciiutplrtf  HMTftT  ^  yg*fa?">  ioTertigatioa  mlaliTe  to  t&e  Actioa  df  the  Eutfi  upoti  ihe 
^^B  Mnnn  Hi*  MlaJbGihneal  of  the  pniidple  of  Gnviiftiioa  In  iti  vid^  geoeimlitj. — 
^H  Cui<yirtirf  be  deritrd  from  it.— The  Priocipra.'^  Account  of  tin  meaamaem 
^H  coaoMtcd  frith  ito  pabUcaiioi].— HaUe>j  Hooke,  Wren — SjW>pb  of  tfaa  wlrjiail 
^^■'ln^oil  of  ia  tbe  Pnii<tpi«< — Laplice't  opinion  of  iUi  meritiL 

AnKinTs  were  made  at  an  earlr  period  in  ih*  Imtiwy  of  Mlroooiny  id 
wcoont  £ot  tbe  muiions  of  tli^  celes^ti^  bodies  bj  means  of  iomQ  eommoa 
Hinctple.     The  GreekSi  as  migLt  be  expected,  were  the  tirst  peu(>le  who 
jorentod  a  ptiTsical  theory  of  the  Leadens ;  but  the  result  of  ibeir  spe* 
odstiinis  In  ttus  instance  was  totally  auworthj  of  their  high  iatellwtiial 
civEMter.     Conceiving  iliat  the  constaut  eucc^^ssLOn  of  phenomena  in  the 
I  Mini  order  could  only  b<e  efiected  bj  loeaus  of  some  maieml  agency,  tliejr 
ttppoted  mck  of  the  planets  to  be  indoied  In  a  ioltd  sphere  of  trans- 
parent  stroctare.  having  the  earth  situate  in  th«  centre.     JThe  motbo  of 
tiM  ||latl«t  wa&  then  supposed  to  be  acoompliabed  by  tlie  revolution  of  the 
fBtiff  Bphere  in  the  direction  of  tho  planet's  renl  motion,  and  with  a 
Tdocity  eorresponding  to  its  [anodic  time.     In  ortier  to  account  for  the 
»lt>0Oi»  irregularities  of  its  motion,  each  of  the  ploneti^  was  provided  witii 
ierenl  sfilieres.  which  motlifie J  each  other's  effects ;  and  at  an  ijumenta 
dataoee  Iwyond  the  planetary  apparatus  was  situated  the  primum  mobiUj 
nr  iph«re  of  the  stany  heavens,  which  revolved  from  east  to  west  In 
Iwestj-four  bounii  carrying  along  with  it  all  the  fixed  stars.     It  eer- 
ily a^rds  A  rcmiirkalite  illo-stratiou  of  the  prouen«S3  of  the  **■*"*** 
to  9se&id  from  the  phenomena  of  nature  to  some  ulterid'  eauM» 
thia  moriiitrous  theory  should  have  commanded  the  assent  of  the 
world  mitil  tlte  close  of  the  sixteenth  century.    Aristotle  intro* 
it  tnlu  his^  system  of  philosophy,  and  by  this  meAns  it  came  to  be 
inlly  adopted  ka  p:irt  of  the  ancient  islrottotny.     We  must  not,  how- 
r.  confuuud  thiii  ojl^pring  of  the  iinaig^tkm  with  tha  epicyclical  theory 
vi  Bipparehua.  which,  aJUiough   i       '  i   .'  certain  gmtuitous  principles, 
nplwitlistaudiug  framed  in  &>  vvith  obi^ersation.     The  Utter, 

yln  lact*  vwi  a  pure  mathematical  iIkl^t},  defined  for  the  purpose  of  repr€> 
iting  th£  motions  of  the  planets,  without  refereuce  to  the  phydcal  caust 
i'ttflliood  notions ;  end,  alt}iough  incomplete  in  iu  structure,  in  so  iSur  as  it 
ao  cognizance  of  the  distances  of  the  planets,  titill.  as  it  could  be  sub* 
''nitted  lo  a  rigorous  calculus,  it  held  out  to  astronotoers  the  prospect  of 
■rrifiog  at  the  true  system  of  nature  by  mean^i  of  a  comparison  of  il« 
Raiilts  with  tho^e  of  observation.     The  history  of  the  two  theories  pre^ 
•ents  OS,  indeed,  with  an  instniciive  lesson,  of  the  value  of  an  hypothesis 
which  conlaini^  som^  elements  of  truth  as  contrasted  with  the  inanity  of  a 
mere  fiction  of  the  mind,     TliO  malhemstical  theory,  besides  affording 
adoniiubta  scope  for  ilie  inventive  jwwer*,  had  tho  advantage  of  enabling 
astranomerB  throngbout  a  long  cour&e  of  ages  to  predict  the  places  of  tiio 
fibuMls  vitb  tolerable  accuracy :  and,  finally,  was  instrumental  in  conduct- 
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in?  K-epI'ir  &o  a  kzuotrleii^  of  dueir  nal  iccticias :  dtas  plnrsieal  theoiy.  on 
th^  4ch«r  bazuL  eccdnneti  <iizrfn^  an  eqpmi.  perud  to  intsltad  mm  s  minds, 
without  {Hes««&inj7  the  redeeming  merit  of  fanning  «  9al^«ct  of  intellectnal 
ex«Td»t :  asd.  when  it  was  ai  I«a2tii  oTenimwn  br  the  inrindble  force 
of  viasnrdTi^  faaa«d  opoa  £kS3.  it  disappeared  withoot  learing  a  single 
trace  of  its  eiKretwe  behind. 

It  »  di£cTzIt  to  aacertain  wiat  were  the  real  ojonkms  of  Copenucos 
reladre  to  the  phrseal  eonstitiitiaa  of  th<s  heaieiii.  WUie  engaged, 
Inwerer,  in  establishing  the  Pvthagomn  ^ntem  ot  the  'vmid,  lie  trat 
led  to  ose  a  remark  which  maj  be  said  to  contain  the  eariieM  noCian  of 
the  priiidple  of  gravitation.  The  Aristotelians  had  *rjif^ffd  that  heanij 
bodies,  to  use  their  own  phnseologr.  natmallr  tend  to»anh  the  eentre  of 
the  aniTer>e.  and  as  obeeffradott  diowed  that  a  similar  tenden^  existed 
tTTxanis  the  eentre  of  the  earth,  tber  hence  coneloded  that  the  earth 
most  be  plaoed  immoveable  in  the  eentre  of  the  mureise.  Copemicns, 
howerer,  remarked  that  the  parts  of  matter  had  a  natural  appetencj  to 
congregate  together  and  onite  in  the  form  of  ^rfierea,  and  that  the 
constant  tendency  of  bodies  towards  the  eentre  of  the  earth  waa  merelj  • 
sensible  manifestation  of  this  inherent  qnalitr  of  matter. 

Trcbo  Bnbe  was  not  endowed  with  qualities  &Toarable  to  specnhUHNB, 
bnt  he  deserves  to  be  mentioned  in  the  historr  oi  physical  astronomy,  on 
arcoant  of  the  effect  of  his  researches  in  leading  to  the  overthrow  of  the 
ancient  theorr  of  solid  orbs.  Bj  means  of  a  series  of  careful  observations 
en  the  comet  of  1577,  he  discovered  that  it  was  at  least  three  times  mors 
remote  from  the  earth  than  the  moon  i? :  whence  it  followed,  since  comets 
traverse  the  celestial  regions  in  all  directions,  that  the  heavens  coald 
not  >>e  composed  of  a  solid  mechanism  such  as  the  Aristotelians  had 
imsffined. 

Gilbert,  an  English  philosopher  of  great  merit,  who  flourished  towards 
the  close  of  the  sixteenth  century,  was  one  of  the  first  persons  who  arrived 
at  general  notions  on  the  subject  of  gravitation.  His  researches  on  mi^- 
netism,  pnnined  in  strict  accordance  with  the  principles  of  the  inductive 
philosophy,  were  much  esteemed  by  Kepler  and  Galileo,  both  of  whom 
profess  to  have  been  greatly  indebted  to  him  for  their  views  on  that 
aalgect.  In  his  treatise  on  the  magnet,  published  in  1600,  he  explains 
the  influence  of  the  earth  upon  the  moon  by  comparing  the  former  to  a 
great  loadstone.  He  announces  his  opinions,  however,  much  more 
expHHtly  in  his  posthumous  work  on  the  "  New  Philosophy,"*  which 
first  appeared  about  the  middle  of  the  seventeenth  centuiy.  In  this 
treati'ie,  he  asserts  that  the  earth  and  moon  act  uiwn  each  other  like  two 
jfiH^nctH ;  but  he  considers  the  influence  of  the  earth  to  be  greater  than 
that  of  the  moon,  on  account  of  its  superior  mass.  It  is  important  to  note 
his  r-xplanation  of  the  mode  in  which  the  two  bodies  affect  each  other. 
"It  in  not,"  says  he,  "  so  as  to  make  the  bodies  unite  like  two  magnets, 
hut  that  they  may  go  on  in  a  continuous  course."  In  another  part  of  the 
same  work,  he  ascribes  the  tides  partly  to  the  influence  of  the  moon. 
•*  7'he  moon,'  says  he,  •*  does  not  act  on  the  seas  by  its  rays  or  its  light. 
How  then  ?  Certainly  by  the  common  effort  of  the  bodies,  and  (to  explain 
it  by  something  similar)  by  their  magnetic  attraction."  He  seems  to 
have  been  more  |)erplexed  in  accounting  for  the  ebb  of  the  tide  than  for 
iu  flow..    In  order  to  explain  this  part  of  the  phenomenon,  he  assumes 

*  Ue  Mundo  Nottro  Sublunari,  Phijost^hia  Nova,  Amstelodami,  1651. 
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besides  the  \raiers  of  the  oci?an,  tbe  earth  contains  subterranean 
inniKHirs  And  spirits,  which  are  drawii  oat  by  the  attraction  of  the  moon  ; 
mi  nhea  that  body  has  retired,  are  the»  absorbed  again  into  the  bowels 
of  the  earth.  "  The  moon,"  sajs  he,  "  attracts  not  so  much  iJtc  sea  as 
the  eubterranean  spirits  and  humours,  and  the  interposed  earth  has  no 
more  power  of  resistance  than  a  table  or  aoj  other  dense  bodj  Itas  to 
resist  the  force  of  a  magnet." 

The  preceding  remarkB  of  Gilbert  contAin  unquestionably  owe  of  the 
cadiest  tntces  which  is  to  be  found  among  the  writings  of  modei-n  authors, 
olthe  aotion  of  an  attmctive  force  acting  bet^veen  the  liodit^  of  the  solar 
BfBtera.  The  moon'j^  attractive  iulluence  upon  Uie  ejirth  is  nuturally 
eoon^  soggeeted  by  the  pheuoiuenou  of  the  tides  i  but  the  influence  of 
the  MTtb  span  the  moon  is  mixed  up  with  a  great  deal  of  error  and  con- 
tsaaxm.  It  appears  to  him  to  be  indicated  not  by  the  reTolution  of  the 
ttoon  in  a  currilinear  orbit  round  the  earlh,  but  by  her  accompanying  that 
^aif  in  a  contiimpus  course  round  the  sun.  lii  fact  the  principle  of 
teaettnal  attraction  is  suggested  by  the  notion  of  the  eartli  dragging  the 
aoon  along  with  her  in  her  annual  orbit.  Finding  himself  utterl}'  uimble 
to  aooonnt  for  the  mutual  attraction  of  the  earth  and  moon,  without  tlie 
eontinual  approach  and  ultimate  union  of  the  two  bodie«^,  be  attempts  to 
get  rid  of  the  difficulty  by  shifting  his  bypothesia,  or.  in  other  words,  by 
waertisg  that  the  effects  resulting  from  liie  mutud.  iuBuence  of  the  two 
liodjes  is  not  similar  to  the  eficcts  of  niaguetic  attrECtton.  AlthongU 
Gilbert,  therefore,  deserves  much  credit  for  the  sagadty  with  wliich  ho 
neogniaed,  to  a  certain  extent,  tbe  priociple  of  gravitation,  his  ideas  of  it 
ire  90  vague  and  inconsistent,  that  his  speculations  cannot  be  said  to  ri^ 
above  the  merit  of  mere  conjectures. 

Kepler,  in  the  introduction  to  his  "  AstronomiaNoTa,"  published  in  1609, 
•mioimces  the  mutual  graritation  of  matter  in  very  remarkable  terms. 
He  asserts,  as  Copernicus  ha*.!  already  done,  that  bodies  do  not  tend 
tDvairb  the  centre  of  the  earth,  because  it  b  tbe  centre  of  tlie  universe, 
bet  because  it  is  the  centre  of  a  round  tmdy  of  the  same  nature  with 
themiselTes.  If  two  stones  were  situated  in  space  beyond  the  influence  of 
a  third  body,  they  would  approach  towards  each  other  like  two  magneLic 
neediest  And  would  meet  in  an  iutermediate  point,  each  passing  through  a 
t]Kboe  proportiunul  to  tliie  oom{^rative  tna^  of  the  other.  If  the  moon 
md  e«rth  were  not  retained  by  their  anirnal  foret?.  or  some  other  equiva* 
lent,  the  eartli  would  mount  to  the  moon  by  a  Mty^fourth  part  of  their 
dBtance,  and  the  moon  would  fia.ll  to  the  earth  through  the  other  fifty' 
tktee  parte,  and  tliey  would  there  meet.  If  the  earth  should  cease  to 
■ctract  tbe  waters  Uy  itself,  all  the  waters  of  the  soa  would  be  raised,  and 
iNold  llow  to  the  body  of  the  moou. 

1!ioiS  remarks  are  indeed  very  striking,  and  show  how  profoundly  their 
illottrioaft  aathor  could  penetrate  into  the  t^ecret^  of  nature  -,  but  we  should 
DOlbejaitified  in  attaching  to  them  all  the  importance  due  to  a  distinct 
BMOjpiitaoii  of  the  principle  of  gravitatiou.  lu  his  ideas  und  reasoning  be 
COinddM  with  GUberit  except  that  he  extends  the  principle  of  gruvitatton 
tot)ie  whole  material  uuiverie.  The  dirticuUy  which  Gill>ert  experienced 
in  aoooanting  for  the  constant  separation  of  ilie  moon  and  earth,  notwith- 
standing tlieir  mutual  attraction,  occurs  with  its  full  force  to  Kepler.  The 
Utter,  however,  gets  over  it  not  as  Gilbert  had  done,  by  assuming  a 
l>riuriple  inconsistent  with  Itis  previous  ideas  on  the  subject,  but  bjr 
Enpposing  the  terrestrial  attnictiou  to  be  neutralized  by  the  animal  foral 
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of  the  moon  or  some  other  eqmToJent,  It  is  clearly  jpossible  te  cstabliah 
any  principles  whateyer,  if  we  are  at  liberty  to  have  recourse  to  such 
assiimptioua  in  suppirt  of  our  reasoning.  It  will  ho  remarked  that 
Kepler  doea  not  seek  to  e:iplai!i  how  the  motion  of  the  moon  in  her  orbit 
is  continually  kept  upt  hu  doubtJeea  assigned  this  task  to  the  animal  force 
which  regulated  the  diatanee  between  the  two  bodies.  The  difficulty  of 
accounting  for  the  motion  of  a  hody  in  its  orbit,  by  means  of  a  centripetral 
force,  occurs  to  him  perpetually  throughout  the  Astronomia  Nova  in  tsounsc 
of  his  speculations  on  the  physical  cauae  of  the  planetary  motions.  In 
attempting  to  explain  the  phenomena  of  these  motioua  by  means  of  a 
force  emanating  from  the  sun.  he  is  now  compelledj  like  Gilbert,  to  intro- 
duce a  principle  totally  at  variance  with  bis  pi-evioua  notiotia  of  graTitation  ; 
for  he  imagines  tlmt  the  planet  requires  to  be  continually  impelled  in  its 
orliit  by  the  solar  force.  To  meet  this  view  of  the  case,  he  supposes  the 
HUH  to  revolve  from  west  to  east,  upon  an  axis  perpendicular  to  tha  pltne 
of  the  ecliptic,  aiid  to  send  forth  continually  magnetic  raya,  which  attract 
the  planet  in  a  direction  transverse  ta  the  line  joining  it  and  the  sun. 

It  is  hardly  necessary  to  state  that  tliia  opitiiuu  of  the  planets  being 
kept  revolving  iiy  a  force  continually  whirling  them  round  in  their  orbita 
IB  not  only  at  direct  vaiinnce  with  tJie  character  of  a  gravitating  force,  but 
is  also iuconsjatent  with  the  fundatnental  principles  of  motion-  It  must  be 
admitted  that  there  was  more  of  truth  in  Ross's  words  than  he  could  perhaps 
justly  take  credit  for,  when  he  asserted  that  '*  Kepler's  opinion >  that  the 
planets  are  moved  round  by  the  sunne,  and  that  this  is  done  by  sending 
forth  a  magnetic  virtue,  and  that  the  sunheames  are  tike  the  teetlie  of  a 
wheele  taking  hold  of  the  planets,  are  seutielesse  crotchets  fitter  for  a 
wheeler  or  a  miller  than  a  philosopher."  * 

Kepler  might  have  formed  more  accurate  Ideas  on  the  physical  caiteo  of 
the  planetary  motions,  if  tho  science  of  mechanics  had  been  mora  advanced 
in  his  time ;  but  it  is  surprising  that,  although  he  constantly  strovo 
throughout  his  researches  on  the  planet  Mara,  as  detailed  by  him  in  tho 
Astronomia  Nova,  to  connect  the  varying  motion  of  the  planet  with  a 
force  emanating  from  the  sun,  he  nowhere  speculates  so  judiciously  on. 
that  force  as  in  tho  introduction  to  Ids  work ;  and  at  tho  conclusion  of  hiu 
labours  be  inspires  no  more  confidence  in  his  reader  respectuig  the  reality 
of  the  force  than  he  did  at  the  commencement  of  them.  In  fact,  it  is  to 
tho  extraordinary  tenacity  with  which  be  clung  to  the  idea  of  a  solar  foroo 
acting  somehow  on  the  itlaiiets,  and  his  strong  conviction  tliat  their 
motions  were  regulated  by  fixed  laws,  that  we  must  Hscrihe  the  brilliant 
result  of  his  researches,  rather  than  to  any  clear  perception  either  of  tho 
nature  of  the  fopoe  or  of  its  mode  of  operation. 

it  ia  difficult  to  say  whether  Gilbert  or  Kepler  wag  first  led  to  speculate 
on  the  physical  theory  of  the  celestial  motions.  Kepler's  earliest  notions 
on  tho  fluhject  are  to  be  found  in  his  "  Mvsterium  Cosmographicum,"  which 
was  published  in  1506.  Gilbert's  "  Treatise  on  tlie  Miignel;  "*  appeared  in 
1600,  and  be  died  in  IflO^  leaving  behind  him  his  posthumous  work, 
which  was  publiahed  only  in  lOfjI,  It  is  clear  from  the  nature  of 
Gilbert's  ideas,  which  turn  entirely  upon  tho  raagnot.  that  they  codd  not 
have  been  suggested  to  lum  by  Kepler's  speculations.  It  is  equally 
certain  that  ih%  latter  waa  not  indebted  to  any  person  for  his  opinion 


•  The  Now  rianct  no  Planet,  or  tho  Earth  no  Wandering  Star,  4to,,  London,  I64fi. 
Sec  abo  Life  of  Kepler.— L-  U.K. 
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filitiT9  to  Iks  ixivtmice  of  some  pliTsical  pnueiple  direcdBg  the  motions 
of  tlie  pkiietB.  WtieQ«  however,  be  atteuifited  at  a  subsequent  period  of 
Ui  wftMclMW  to  ^vmt  a  consistent  theorj  of  the  wlftr  force,  ho  adopted 
Ae  VMWB  of  Gtlbeat  by  assuming  it  to  be  a  modified  form  of  magnetism. 
Tbis  appean  from  his  great  work,  the  "  Astitmomia  NoTa,"*  wherein  ho 
ale*  IM  apiiuoii  of  Gilbert  while  proceeding  to  frame  hia  theorjr  of  a 
vlnniii^  fofoe. 

GtlOeo;  bymeaaaof  bis  adnur&l>]e  res  etches  on  mechanica,  contributed 
in  a  high  ^gnee  towards  the  fonnatian  of  more  distinct  ideaa  on  the 
mlljeet  <ai  eurriliDear  motion.  The  principle  of  mutual  gravitation  does 
■ot  aeemit  hovreTer,  to  have  found  anj  favour  niih  iiim,  for  he  cemurea 
Kfpler  on  aoooont  of  his  opinion  relative  to  the  attraction  of  the  earth  by 
Iha  nooB.  He  admitted  the  attractiou  of  the  moon  hj  the  earth,  but  bo 
in  means  fanned  a  diatinct  conception  of  the  mode  in  >rhich  Uie  force 
gnvily  in  tfaia  caae  operates.  "  The  mrts  of  tlie  earth, "  t  sajs  he, 
**  fesTO  wach  a  propensity  ur  iia  centre,  that  when  it  changes  its  place, 
iithoogli  thej  may  be  very  distant  from  the  globe  at  the  time  of  the 
oliaqga^  jet  must  they  follow.  An  example  similar  to  thia  is  the  perpetual 
tiqiaapeg  of  the  Mediceau  stare,  althoagh  always  separated  from  Jupiter. 
Iba  lamii  may  be  said  of  the  moon  obliged  to  follow  the  earth." 

Tha  iartfa'a  attraetion  is  here  evidently  inferred  fjpom  the  moon  con< 
Ittlktiy  ■ttemding  her  in  her  annual  orbit  round  the  sun.  It  might,  how- 
W99r,  be  ootactuded  from  the  same  phenomeuoii,  with  eq^ual  shew  of 
nmoo,  tfaftt  the  moon  attracts  the  earth  :  for  the  tnoon  eaonot  be  odd  to 
/ttt^w  tiia  earth  any  more  than  the  earth  can  be  eaifl  to  follow  the  moon, 
aineti  in  b^i,  b<jth  bodies,  while  revolving  round  the  sun,  revolve  also 
MalilKMUly  round  their  commrm  centre  of  gravity.  The  grand  fact  which 
to  the  establiHhment  of  the  action  of  the  earth  upon  the  moon, 
in  the  revolution  of  the  latter  in  a  curritinear  orbit  trhich  is 
mith  retpict  to  tht  earth.  It  has  been  sometimes  said  that  Kepler 
osly  required  a  more  complete  knowledge  of  the  la^vs  of  motion  in  order 
to  OBTie  demonstrated  the  eidstence  of  the  principle  of  gravitation.  Here, 
fcilf  »ar,  we  hare  a  philosopher  eqnal  in  sagacity  to  Kepler — ^^who  had 
■OQpnB&lly  analyzed  the  phenomenon  of  curvilinear  motion  in  one  of  itj 
aunfwtetiaas  at  least,  and  wbo  moreover  had  ajccess  to  tlie  opinions  of 
Ktpl^r  00  the  subject  of  gravitation  ;  still,  notwithstanding  all  tbese  ad- 
Tsnti^ea,  he  fiuled  to  recognise  the  existence  of  on  attractive  force,  either 

iho  motion  of  the  moon  round  the  earth,  or  in  the  motioiTs  of  the 

immd  the  sun.     This  circumstance  onght  to  render  ns  cautious  in 

g  tm  undne  value  to  td^tg  sa^iidoua  tanuiaes  onsupported  by 

Itgitimitte  proof,  and  in  ascribing  to  individuals  any  credit  for  aisooreriet 

which  mro  not  tiie  actoal  result  of  their  own  labours. 

We  do  not  propose  to  make  any  further  allusion  to  De?icartes'  theory  of 
vefUeM,  beyond  the  few  words  we  have  alresdy  said  respecting  it  in  the 
fattfodnetion  to  this  work.  No  doubt,  we  think,  can  e\\hi  that  this 
edelmwd  ftetion  exerelied  a  most  peniicious  influence  in  retarding  the 
ptuyiMW  of  aottod  mechanical  ideas  relative  to  celestial  ph;sic»,  Like 
the  iheorT  of  solid  orbs,  it  at  length  utterly  disappeared  before  the  ad- 
vudng  Ughl  of  tme  aciencc,  after  conlinuiug  for  nearly  a  century  to 
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indulge  ita  adherents  with  the  miserable  delusion  that  it  revealed  to  them 
the  Avhdle  secret  of  the  mechanism  of  the  universe. 

Borelli,  iiL  Ins  Uieoiy  of  tlie  Medicean  stm-s,  published  in  1666,  appears 
to  hrtve  speculated  more  judiL-ioiisly  on  the  physical  theory  of  the  planets 
than  any  of  hi3  predecessors,  H©  remarks  that  the  motions  of  the  planets 
round  tlio  sun,  and  those  of  the  satellites  round  tlieir  respective  primaries, 
must  doubtless  depend  in  eai-h  case  on  some  virtue  residing  in  the  central 
itodiir.  He  seems  to  have  arrived  at  pretty  accurate  TiotiouB  of  the  motion 
of  a  body  in  a  circular  orbit.  He  remarks  that  bodies  so  revolving  have  a. 
tendency  to  recede  from  their  centre  of  revolution,  as  in  the  cage  of  a 
wheel  revolving  on  its  axle,  or  a  stone  whirled  by  a  sling.  When  this 
force  is  equal  to  tlie  tendency  of  the  body  to  tlie  centre,  a  compensa- 
tion of  effects  taltes  place,  and  the  body  will  neither  approach  nor  recede 
from  the  centre  of  force,  but  will  continually  revolve  round  it. 

Hero,  for  the  first  time,  au  attempt  is  made  to  accountfor  the  motion  of  ft 
body  in  a  circular  orbit,  by  means  of  a  force  directed  continually  (u  the  centre 
of  the  circle.  It  mu:*t  be  admitted,  however,  that  Borelli's  explanation  is 
at  once  imi>erfect  and  indistinct.  He  does  not  analyze  the  phenomenon 
of  durviliuear  motion  into  ita  constituent  elements,  but  merely  seeks  to 
establish  the  necessity  of  a  constant  central  force  by  an  appeal  to  expe- 
riment. He  rightly  asserts  that  the  body  tends  continually  to  recede 
from  the  centre,  but  he  gives  no  account  of  the  origin  of  this  centrifugal 
force  ;  nor  does  he  explain  by  what  means  the  niotian  of  the  body  in  its 
orbit  is  continually  kept  up.  His  account  of  the  last-mentioned  pturt  of  the 
phenemenon  is  so  obscure,  that  it  is  quite  evident  he  had  obtained  only  & 
very  weak  hold  of  the  problem.  After  remarlting  that  the  compensatory 
effeeta  of  the  two  constant  forces  will  maintain  the  body  at  a  determinate 
distance  from  the  centre,  he  then  says,  "  therelnre  the  planet  will  appear 
balanced  and  floathig  on  the  smfnce."* 

Although  Borelli's  speculations  possessed  much  merit,  still  they 
■were  not  sufficiently  clear  to  lead  to  any  measurable  results,  and 
nntil  a  complete  dynamical  view  of  the  problem  of  centripetal  forces 
could  be  obtained,  it  was  obviously  hopeless  to  attempt  its  mathema- 
tical solution.  Without  stopping  here  to  notice  the  partial  researchea 
of  Hookc,  Huygens,  Wren,  and  llalleyf,  we  shall  at  once  proceed  to  give 
snme  account  of  the  immortal  discoveries  of  Newtos.  This  illustrious 
philosopher  was  bom  in  the  year  1643,  at  Woolsthorpe,  in  the  county  of 
Lincoln.  Before  attaining  the  ye&rs  of  maturity  he  made  a  multitude  of 
beautiful  discoveries  in  Analysis,  and  was  even  in  possession  of  the  melliod 
of  Fluxions  when  he  was  only  twenty-four  years  of  age.  He  was  now 
about  to  enter  upon  a  field  of  specniation  which  was  destined  to  offer  a 
niaguificent  theatre  for  displaying  the  resources  of  that  posverful  luatrumeut 
of  invesUgation.  Pemborton  states  that  Newton,  having  quitted  Cam- 
bridge, for  Woolsthorpe,  in  1HB5,  to  avoid  the  plague,  was  sitting  one  day 
in  his  garden,  when  he  was  led  to  reflect  on  the  principle  which  causes  all 
bodies  (o  tend  towards  the  centre  of  the  earth.     As  this  tendency  did  not 

lear  to  sulTer  any  sensible  diminution  on  the  tops  of  the  highest  build' 


appe 


any 


'  "  Idetique  planelA  libratiij  apparebit  et  nupernatana/'  Theories  Medtcconini  Plsne- 
lunm  in  cautJi  physicia  decluctie.     Florentiro,  ISSQ. 

f  We  shall  hate  occuioti  Uv  notice  IriddeHlaliy  m  Uje  following  pages  the  labours  of 
the«e  philosophers  on  the  subject  of  centripetal  forces,  Neiftoti  ^.-ommiri^ceiJ  bit  ro- 
Maichea  »t  Icml  a%  early  k»  Any  of  hta  contemporaries ;  nor  clo««  it  appear,  throughout  ttU 
fhi«  I'jireer,  tJiat  he  was  indeblled  t«>  one  or  oilier  of  them  for  »ny  of  hi*  idcB*. 


iior  even  6n  as<?eutling  tlie  loftiest  mouulaios,  it  occurred  to  him  that 

It  possibly  extend  to  the  moon  ;  and,  if  it  did,  might  "be  thn  caii^a 

tbich  retained  that  U>dy  in  her  orbit.     Pui*suing  his  tneditfitiona,  he  waa 

led  to  imiigine  that  a  similar  force  directed  couuuually  towards  the  sun 

might   retain   the  planets  in  their  orbits.     But  a  question  naturallj 

suggested  bj  this  generalization  of  his  ideas  was  this — Did  the  ^!ar  force 

ftei  with  the  same  inteusitj  on  all  the  planets,  or  did  it  diminish  with  the 

dislADce  from  the  centre,  03  the  slower  motion  of  the  more  remote  planetd 

WJLiiiitil  to  indicate?    His  next  step,  therefore,  was  to  deteiTuiue,  by  a 

mathernatical  investigation,  the  magnitude  of  the  foi'ce  which  retains  a 

body  ill    a    circular    orbit,    the    force    being    continually    directed    to 

the  centre  of  the  circle.      The  solutiou  of  this  problem  gave  him  an 

expn^sion  for  the  centripetal  force  in  lerma  of  the  velocity  of  the  body 

in  its  orbit  and  ita  distance  from  the  centre,  or,  which  amounts  to  the 

MUEoe  thing*  in  terms  of  the  periodic  lime  and  the  distance.      Hence, 

the  relation  betw^een  these  two  elemeuts  ivas  known,  it  was  easy  to 

the  force  in  terms  of  the  distance  alone,  and  by  this  means  to 

Ertain  the  law  ncoordiug  to  which  it  varied.     Now,  Kepler  had  shoisii 

llie  ftqmrea  of  the  periodic  times  of  the  planets  are  proportioival  to 

onbes  of  their  distances  frum  the  sun  ;  Newton  hence  inferred  tliat 

plisaets  are  retmned  in  their  orbits  by  a  force  directed  towards  the 

tnd  varying  inversely  as  the  square  of  the  distance  from  his  centre. 

The  result  of  Newton's  investigation  relative  to  the  law  of  attraction 

strmglhened    by    the    analogy   which    other    natural    emanations 

[itom  centres  offered  :    but  it    would  manifestly    have    received    a    vast 

of  support  if  it   were  found  that  tbe    attraction  eserted    by 

earth  upon  tbe  moon,  when  compared  with   her  jiUriiction   of  ah- 

at  the  surface,  diminished  also  accurdiug  to  tin:;  same  law  of  the 

distance.     The  solution  of  this  question  might,  therefore,  now  he  con- 

Ifidered  as  the  <fjtp^riinentum  crucis  which  was  to  decide  whether  Newton 

penetrated  into  the  secret  of  the  celestial  motions,  or  whether  he  had 

occupjing  his  mind  with  speculations  of   a  purely  mathematical 

Now,  the  force  wliich  determinea  the  descent  of  a  body  at  the 

of  the  earth  is  measured  by  the  space  through  which  it  ftUb  into  a 

if«n  small  portion  of  time  ;  and   the  force  which   retaina   the   moon 

her  orbit  is   measured  by  the   verged  sine   of  the    smidl  arc    de* 

Bchbed  by  her  in  tbe  same  tioie ;  for,  if  no  force  had  acted,  the  moon 

voubi  have  proceeded  in  the  direction  of  a  tangent  to  her  orbit,  and  the 

ver>»ed  sine  being  the  meuiiure  of  deflection  from  the  tangent,  indicates, 

I'^hef^fore,  tlie  intensity  of  the  deflecting  force.     It  is  obvious  that,  in 

Hwltr  to  compnrc  these  two  small  spaces,  they  must  both  be  expressed  in 

terms  of  tbe  same  unit,  as  a  foot  for  example.     Now,  the  versed  sine  of 

Iho  lunar  arc  i%  readily  expressed  in  terms  of  the  radius  of  the  orbit,  and 

the  latter  is  derivable  from  the  earth's  radius  by  means  of  the  lunar 

The  question  relative  to  the  comparison  of  tbe  two  forces  is, 

'therefore,  llnally  redaced  to  the  determination  of  the   distance  in  feet, 

Wtvecn  the  centro  of  the  earth  and  the  enrfuce.     This  obji^ct  may  be 

feiy  reaJily  eiTected  when  once  the  length  of  a  given  arc  of  the  meridian 

Is  known  :  bat,  at  tbe  time  we  are  considering,  this  point  was  by  no  means 

ioeucat(*ly  a-^^certained-      Newton  employed  in  his  calculation  the  rough 

etttimale  of  Go  miles  to  a  degi'ee,  which  was  in  ui^e  among  geographers 

•And  niitigatonu:  whereas  the  real  length  of  a  degree  is  about  GH^  mile^ 

raaj  betice  be  readily  inferred  that  the  result  obtained  by  him  did  i» 
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iatisfy  his  ex]iectatioTis.  HaTing  determined  the  earth's  force  upon  the 
moon  by  diminishing  the  gravity  of  bodies  fit  the  surface  in  the  ratio  of 
the  squn'e  of  the  distance  from  tlie  centre,  and  then  compared  the  reeult 
with  the  force  indicated  by  the  motion  of  the  moon  in  her  orbit,  he  found 
that,  instead  of  the  two  quantities  being  exactly  equal,  the  former  ex- 
ceeded the  latter  by  about  one-sixth.  Deeming  this  discordance  too  gr^t 
to  justify  hia  bold  surmise,  he  laid  the  investigation  aside,  doubtless  ^th 
the  intention  of  reconsidering  it  at  some  future  time. 

Newton's  attention  was  again  called  to  the  subject  of  centripetal  forces, 
by  a  letter  he  received  from  Hooke,  in  1679,  relative  to  the  [lath  described  by 
&  projectile,  taking  into  account  the  effect  of  the  earth's  diurnal  motion. 
Hooke  was  unquestionably  endowed  with  a  genius  of  a  veiy  high  order ;  but, 
partly  from  tlie  desultory  character  of  his  researches,  and  partly  from  his 
deficiency  in  mathematical  skill,  he  has  not  achieved  results  by  any  means 
commensurate  with  bis  great  acuteneas  and  originality.  As  early  as  the  year 
lOOfi  he  had  illustrated,  by  means  of  a  beautiful  experiment,  the  motion 
t)f  a  body  revolving  in  an  ellipse  under  the  influence  of  a  force  directed 
eontiaually  to  the  centre ;  and,  in  his  letter  to  Newtou  on  the  occasion 
above  referred  to,  he  declared  tbat,  if  gravity  decreased  according  to  the 
reciprocal  of  tbe  aquare  of  the  distance,  the  path  of  a  projectile  would  be 
an  ellipse,  having  the  centre  of  the  earth  in  the  focus.  Although  this 
assertion  was  unuceompauied  by  any  proof,  and  consequently  did  not 
possess  any  merit  beyond  that  of  a  sagacious  conjecture,  still  it  excited  n 
strong  interest  in  the  mind  of  Newton,  who  had  already  devoted  much 
attention  to  tlie  subject  of  central  forces.  His  researches  had  hitherto 
been  confined  to  bodies  revolving  in  circular  orbits  :  he  now  proposed  ta 
investigate  the  vastly  more  difflciult  question  of  a  body  revolving  in  an 
orbit  of  variable  curvature. 

Couaideriug  generally  the  motion  of  a  body  projected  in  free  apace, 
and  exposed  to  the  incessant  action  of  a  force  tending  towards  a  fixed 
centre,  he  arrived  at  tbe  remarkable  conclusion,  tbat  an  imaginary  luie 
joitiing  the  centre  of  force  and  the  body  would  eonfttantly  sweep  over 
equal  areas  in  equal  times.  Now  Kepler  had  ibmid  that  the  planets 
revolve  round  the  sun  precisely  according  to  this  law  ;  it  followed,  then, 
that  all  these  bodies  were  retained  in  their  orbits  by  a  force  directed  con- 
tinually to  the  centre  of  the  sun. 

It  still  remained  for  Newtou  to  investigate  the  law  of  the  force  correspond- 
ing to  tlie  variation  of  the  distance  in  the  same  orbit.  According  to  Kepler's 
first  law*  the  planets  move  in  ellipses,  having  the  sun  in  one  of  the  foci.  The 
question,  therefore,  was  to  determine  the  law  of  the  force  by  which  a  body  is 
compelled  to  revolve  in  an  elliptic  orbit,  the  force  being  continually  directed 
to  one  of  the  foci  of  the  ellipse.  This  problem  is  of  a  much  more  complex 
character  than  the  similar  one  relative  to  a  circular  orbit.  In  order  to  form 
Bome  idea  of  the  difierence  between  the  two  c«ees,  we  may  remark  generally, 
that  when  a  body  has  once  received  an  impulse  in  any  direction,  it  would 
persevere  with  a  uniform  motion  in  the  direction  of  the  impulse,  if  it  were 
not  exposed  to  the  influence  of  any  estraneoua  force.  Now,  when  a  body 
revolves  in  a  curvilinear  orbit,  it  is  continually  changing  the  direction  of 
its  motion  :  this  is,  therefore,  a  clear  proof  that  it  is  acted  upon  by  some 
force  which  continually  deflect*  it  from  tl>e  tangeut  to  the  orbit  in  the 
direction  of  which  it  is  every  instant  naturally  endeavouring  to  move. 
Now,  tho  force  required  to  retain  a  body  in  a  curvilinear  orbit  at  any  given 
point  depends  partly  on  the  curvature  of  the  orbit  and  partly  on  the 
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tcioctti'  with  «lUfli|||g|iPifty  IS  moving ;  for,  witJi  tiie  samt  velodtf,  bnt  l. 
ffwater  ainoutit  O^^iEohftbtre.  tbc  body  v>i\]  require  to  be  deflected  in  a 
time  ibrwugb  a  greater  spat:e,  and  tberefare  the  dertecting  force  must 
.ha  more  iulense ;  and  again,  for  tlie  sam^  amount  of  curvature,  but  A 
^rtaier  Telocitj.  the  bodv  will  be  defected  in  a  less  lime  through  tlie  aame 
ipafie^  and  therefore  in  this  case  aUo  tlie  tovce  will  be  more  intense.  In 
^rdM'  that  the  centripetal  force  maj  retain  the  body  in  ita  orbit  without 
pwlncuig  imj  other  eSbct,  it  is  nece&s&ry  that  it  fihoidd  constant!  j  act  at 
fight  angles  to  the  tangent ;  for,  if  it  act  in  an  oblique  direction,  it  ^iJl 
lie  partly  expended  in  increa^iiing  or  diminishing  the  tojigentiaj  motion, 
■eeonling  as  tlie  body  19  approaching  to,  or  receding  frutn.  the  centre  of 
force.  New,  when  a  body  is  compelled  to  reTolve  in  a  circular  orbit  by  a 
force  tending  continually  to  the  centre  of  the  circle,  the  direiction  of  the 
.  force  is  constantly  perpendicular  to  the  tangent ;  and  therefore  the  force 
neither  accelerates  nor  retards  the  bodv,  but  simply  retains  it  in  iti  orbit 
The  velocity  of  the  body  will,  therefore,  continue  unifonn,  and,  »ince  tha 
currature  of  A  drde  is  also  unifomi,  it  follow?,  from  wJiat  we  ha?e  idready 
stated,  that  the  centripetal  force  will  have  tlie  same  intensity  for  every 
ftoint  of  thie  orbit. 

Bat  the   question    is    much   more   complicated  when    we   consider 

tbe  motion  of  a  body  in  an  elliptic  orbit.     In  this  case,  tlie  force  ncta 

in  an  oblique  direction  with  respect  to  the  tangent  at  every  point  of 

i  tlia  orbit  except  the  two  extremities  of  the  major  axis,  and  hence  it  is 

leoBstatiily  eipeuded,  partly  in  deflecting  the  body  into  its  orbit,  and  portly 

iia  aooalefatuag  or  retarding  the  tangential  motion.     Tlie  velocity  being 

ItiMSi^ra  variable,  and  the  same  being  tnie  with  respect  to  the  curvature 

of  dia  ellipse,  it  follows  that  the  deflecting  force  which  depends  upon  these 

two  alaments  is  also  subject  to  continue  variation.     This  furce,  however, 

I  vkieil  COItiitantly  acts  at  right  angles  to  the  tangent,  can  only  be  increased 

|or  dinniifibed  by  means  of  a  corresponding  change  in  the  intensity  of  tlie 

lecatrtpetal  force,  of  which  it  forms  one  of  the  resolved  parts.     It  follows, 

ttlierwft.  that  the  centiipetal  force  varies  not  only  from  being  more  or 

fltn  eflectnal  in  retaining  the  body    in  its  orbit,  but  also  becaui^ie  the 

l^aDkenls  upon  which  the  effective  port  depends  are  also  in  a  state  of 

icmtiBlMl  variation  *. 

Tlie  preceding  remarks  may  sen'e  in  some  degree  to  show  the  peculiar 
i^iiffieulties  of  the  problem  which  now  suggested  itself  to  Newton.  En- 
^v^oped  as  it  was  in  complications  and  obscuHties,  his  inventive  genius 
I  deriaadthe  means  of  its  solution,  and  he  found  that  the  centripetal  force  varied 
'<  iitvenely  as  the  square  of  the  distance  from  the  focus  of  the  ellipse.  This 
|l«a^t  accorded  in  a  most  satisfactory  manner  with  the  condusion  to 
he  was  conducted  by  his  previous  researcbea,  founded  on  tbe  sup- 
of  the  planets  revolving  in  circular  orbits.     Assuming  the  solar 

The  mistance  oflercd  by  a  body  to  mavc  in  a  eurrilinear  orbit  lias  been  termcil  jti 
J  OBilrtfugaJ  force :  it  »  iherefore  equal,  ancl  oppoaire  to,  the  resolved  part  of  Ihi;  centri^ 
l|Ntal  fiirce,  wfikh  acts  perpendicularly  to  the  tangent.  Hence,  when  a  hndy  revolved  in  a 
ItifGuUr  orbit  by  meau*  of  a  furce  directed  to  the  centre  of  the  circle,  the  centripetal  and 
p'BMtfriftigil  forcet  witl  be  equal;  but,  in  every  other  case,  the  latter  of  theec  forces  will  ex- 
'  eeed  the  fotmer,  and  will  tetid  not  to  the  centre  of  force,  but  to  Ibe  centre  of  the  circle 
'at  cuTfalure,  correipondiDg  to  the  mfinitely  small  ;iTc  of  fhc  orbit  in  ^liich  the  body  i« 
BMHtng  at  the  giten  infiant.  It  is  obvious  that  the  centrifu^^al  force  baa  an  positive  cx- 
iateDce;  it  merelj  arises  from  the  reiiistaDcc  offered  by  tbe  inertia  of  the  body,  in  virtue 
|Cf  afiieb  the  btter  tends  coDslantly  to  penevere  io  a  straight  line. 


force  to  extend  to  the  remotest  planets,  and  to  vary  everywhere  accordrng 
to  the  inverse  square  of  the  dUtance  Irom  the  suit,  he  demonstrated  that 
the  sqimres  of  the  perioiUc  times  of  the  pktiet^  wouM  be  proportional  to 
the  cubes  of  their  mean  distances.  This  was  the  third  of  Kepler's  faoaous 
laws  of  the  pknctary  motions.  It  followed,  therefore,  that  the  law  of  the 
inverse  square  of  the  distance  was  true,  not  only  when  the  distances  re- 
lated to  the  same  orbk,  hut  even  when  they  were  compared  in  different 
orbits.  He  bad  already  arrived  at  thiii  conclusion,  bv  assuming  the  orbits 
to  be  circular,  and  now  he  found  it  to  be  demonstrable  for  Uie  more 
rigorous  case  of  elliptic  orbits. 

Notwithstanding  the  satisfactory  nature  of  Newton's  reseai'cheB  relative 
to  the  planets,  the  law  of  gravitation  appeared  to  his  cautious  miud  to  be 
imperfectly  established,  so  loog  ag  the  serious  discordance  offered  by  the 
inoon  remained  unexplained.  A  circumstance,  however,  had  recently  oc- 
curred, which  induced  him  to  suspect  that  the  cause  of  thiis  discordance 
lay  in  assuming  an  erroneous  value  for  a  degi-ee  of  the  meridian.  We  have 
mentioned  that,  in  computing  the  earth  s  seuii-diameter,  he  used  the  com- 
monly received  estimate  of  CO  miles  to  a  degree.  Picard,  the  French  aS' 
tronomer,  however,  having  hi  the  intermediate  period  measured  an  an;  of 
the  meridian  with  great  care,  and  obtained  a  result  considerably  different, 
he  resolved  to  repeat  his  previous  calculation  by  means  of  it.  To  his  un- 
speakable delight  he  now  obtained  a  reatilt  which  completely  harmonized 
with  his  researches  on  the  planets.  Assuming  that  the  semi-diameter  of 
the  lunar  orbit  vfas  equal  to  00  semi-diameters  of  the  earth,  he  found  that 
the  space  by  which  the  moon  isi  detlected  from  the  tangent  to  her  orbit  in 
one  minnte  is  exactly  equal  to  the  space  through  which  bodies  at  the 
earth's  surface  fall  in  one  second.  In  order  to  appreciate  the  conclusis*e- 
X)ess  of  tliis  result,  we  may  remark  thut,  wtien  a  body  is  acted  upou  by  a 
continuous  force  during  a  smuU  portion  of  time,  the  space  described  by 
it  in  consequenco  varies  iu  the  direct  ratio  of  the  force  and  the  square 
of  tbe  time.  Ileiice  if  the  force  be  supposed  to  vary  in  the  inverse 
ratio  of  the  square  of  the  distance,  the  space  will  vary  as  the  square  of 
the  time  directly  and  the  square  of  tbe  distance  inversely.  It  is  clear, 
then,  that  when  two  bodies  are  placed  at  unequal  distances  from  the  centre 
of  force,  the  miuute  spaces  through  which  they  are  drawn  by  the  force  can 
only  be  equal,  when  the  time,  during  which  the  more  remote  body  is  under 
the  influence  of  the  force,  exceeds  tbe  corresponding  time  of  the  nearer 
hody,  iu  the  same  ratio  in  which  its  distance  from  the  centre  exceeds  tli6 
corresponding  distance  of  the  other.  Conversely,  if  two  bodies  full  through 
equal  spaces  in  times  wbich  are  to  each  other  in  the  direct  ratio  of  the 
distances  from  tbe  centre  of  force,  we  may  conclude  that  the  force  varies 
in  the  inverse  ratio  of  the  square  of  the  distance  *.  Now,  Newton  assumed 
in  his  calculation  that  the  moon  is  60  times  more  distant  from  the  centre 
of  the  earth  than  objects  at  the  surface ;  imd  La  found  that  the  time  occu- 


*  L*t/  ./*  be  (he  force  oT  g^ntvity  at  the  earth's  surface  and  at  the  monn,  H  d'  ihc  car- 
tesponding  dlatniices  from  the  earth's  centre,  *  *'  the  minulu  sjiaecs  through  v\hit'h  bncJiet 
%oulil  f:ill  ill  iho»c  jhslances  In  the  limes  i  t' ;  theti,  as  iiic^ntioncd  in  th(!  text,  w«  have 
t^a/  i*,  ^Bfff/  f*  rt  Lciag  a  const  in  t  qua(ilit\'.     Now,  if  we  aasumc  wiLh  Newton, 

r  J 
thatjfcir',  we  htve/e^f  f'i  hence/:/;;  t^  :?*.     But  Newton  found  thai  ( ;  ('  ;» 

}     1     1    J  J      I 

d  i  t/'i  (htT(?fi«ft7'  :  /"::  ~f*  "(',  and  fonseniiently,/:/  t:  t{^ :  sl'K 
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pfed  1^  her  in  fulling  through  &  giTcn  space  *  waa  estactly  60  tinoes  greater 
tbsn  that  oocapied  bj  a  bodj  at  die  earth's  surface  in  falling  through  an 
equal  space.  It  thus  (appeared  that  the  furce  which  retained  the  miK>n  m 
her  orbit,  as  dedaced  from  her  actuid.  motion,  was  ]e&s  tbaji  the  forc«  of 
gmvitjr  at  the  earth's  surfat'e,  in  the  exact  ratio  of  the  iaveise  squaro  of 
the  distance  from  the  centre  of  the  earth  f. 

When  Newton  had  thus  satisfied  himself  Uj  indisputable  evidence  that 
he  had  discovered  the  true  law  of  gravitatiou.  he  proceeded  to  investigBbe 
moffi  profoiuidlj  its  real  charajeter.  He  had  found  that  the  platieta  gravi- 
tate towards  the  centre  of  the  6 an,  aud  the  satellites  lowarda  tlie  centres 
of  their  respective  prinmries,  but  it  did  not  escape  his  sagacity  that  these 
points  eotdd  not  of  themselves  exert  aiij  physical  influence ;  and  that  the 
attractive  force  was  directed  towards  them  solely  in  consequence  of  the 
maEB  of  lUAtenal  panicles  which  iu  each  case  surround  them.  He  was 
ihm  led  to  regard  the  principle  of  atimction  as  residing  in  the  constituent 
ptnid^  of  the  attracting  buiiy,  and  to  coiiclude  that  the  tendency  of  the 
hmt  to  the  centre  was  no  other  than  the  resultant  of  all  the  molecular 
foMBi  acting  with  nnequal  iotensitie:)  and  iu  ditferent  direction:^.  In  or- 
def  10  establi&h  this  important  fuct,  it  was  necessary  for  him  to  inveetigale 
ibd  ikature  of  the  attraction  e.^ercised  by  a  mass  of  partietea  i^lo- 
mcfjiled  in  the  form  of  a  sphere  ;  for  observation  shewed  that  all  tba 
hearenlj  bodies  were  spherical,  or  very  nearly  so.  In  the  course  of  these 
iMeozcbes  be  wsu^  conducted  to  the  remarkable  conclusion  that,  if  the 
nhere  viere  of  uniform  density,  or  even  if  it  consisted  of  concentric  strata 
M  naiforoi  density  throughout  each  stratum,  but  difTering  in  density  from 
aofi  stratum  to  another,  the  combined  eUTei-t  of  the  attraction  of  all  the 
molecules  would  be  the  same,  both  in  intensity  and  direction,  as  if  the 
whole  mass  had  been  collected  at  the  centre.  This  result  afibrded  a  most 
satiafactoij  explanation  of  the  fact  that,  in  accounting  for  the  motion  of  the 
planets  bj  a  solar  force,  varying  according  to  the  invercte  s()uare  of  the  dis- 
tance, it  was  in  all  casea  found  necessiary  to  measure  the  distance  from  the 
eentre  of  the  sun ;  and  the  same  explanation  applied  to  the  motions  of 
the  satellites  round  their  respective  primaries. 

Hflfing  thus  assured  himself  that  the  tendency  towards  ttie  central  body 
was  due  to  a  qnality  inherent  in  line  constitueut  particles,  and  not  to  any 
tirtae  residing  iu  the  centre,  he  naturally  wa=i  led  to  suppose  lliat  this 
l>tende0cy  must  be  mutual  for  all  the  ptuts  of  matter,  and  tliat  as  the  &un 
'tUEUts  the  planets,  and  the  ploneti^  the  satellites,  so,  in  like  manner,  the 
rilMts  attract  the  sun,  aud  the  satellites  the  plniiets,  and  even  olyecy  at 
Off  ftorface  of  the  earth  attract  the  eoith.  Tbe  equality  of  action  and  rc- 
actioa,  which  was  strikingly  illustrated  in  all  the  other  rolatiuns  of  the 
^MtAfiftl  world,  rentleretl  this  proposition  self-evident;  nor  did  his  sagacity 
ia  discover  Kensible  manifestations  of  this  principle  in  tlie  irregular 

>vements  of  the  celestial  bodies,  especially  iu  those  of  the  moon  J.     He 

Tbe  foPM  widch  retain*  the  moon  in  her  orbit  is  here  supposed  to  ad  in  ihp  bottip 
l-iineiiot)  during  a  very  short  rpace  of  time.     This  siippoaition  i«  not  itriclly  true,  but  for 

ivaj  mull  arc  of  the  iuaar  orbit  it  cannot  sensibly  affect  the  Itnal  result. 
f  It  it  Hiid  that  N'ewtoQ  beuime  to  much  agitated  as  uooti  as  be  began  lo  futpt^ct  the 

rolMble  result  of  his  calculation,  that  be  was  coiDpeLled  to  a^ign  to  a  fricnJ  the  ta.'ik  oC 

ringing  it  la  i  t-onelusion. 
X  Cola,  id  hli  admirftblc  preiace  to  the  second  edition  of  the  Principin,  demongtmle^ 
,  Ibe  Mtowin^  cjniple  and  convincing  manner  that  the  QPtimi  nf  gravity  i«  equal  an  boib 
daii'-'^Let  the  mass  of  the  earth  bo  divided  into  any  two  parts  whnlever,  I'lihef  equal  ut 

nylliotr  useijual;  now,  if  ttie  welghti^  of  the  parta  totraxdd  each  other  were  not  miitiialljfj 


u 
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tltflfefsri  finally  arrived  at  the  conclusion,  that  evenj  pttrtkf^  of  nuitttrm 
tk$  tmftwr**  attract)!  evertj  other  particle,  tvith  ft  force  varying  invenelif  ai 
the  iqaare  of  their  mutual  diitances^  and  diractly  as  the  man  of  th* 
attract  in  ij  par  lick'. 

When  Newton  had  Urns  ascended  to  the  principle  of  gi'avitation  in  its 
most  comprehensive  form,  he  devoted  the  whole  energies  of  hia  vast 
intellect  to  the  unfolding  of  its  consequences ;  and,  with  a  Eiagacity  and 
power  of  investigation  uuexAmpled  in  ancient  or  modern  times,  he  suc- 
ceeded in  tracing  all  the  grand  phenomena  of  the  universe  to  its  agency. 
Considering  generally  a  hody  projected  in  free  space,  and  espoBod  to  the 
action  of  a  centml  force,  varving  according  to  the  inverse  square,  of 
tlie  distance,  he  demonstrated,  by  means  of  a  beautiful  geometry  which 
he  had  specially  invented  for  such  researches,  that  the  body  would  re- 
volve in  a  curvilinear  orbit  which  would  bo  some  one  of  the  conic  sec- 
tions.  It  might  be  a  circle,  an  ellipse,  a  parabola,  or  an  hvperbola,  but 
it  »ii«t  necessarily  be  one  of  them^ — the  question  as  to  the  particular 
species  of  cur^e  depending  entirely  on  the  primitive  position  of  the  body, 
and  the  velocity  of  the  impulse.  Ht?  showed  that,  when  once  tbe  initial 
distaiice  and  the  velocity  and  direction  of  the  impuUe  were  given,  not 
only  the  conic  section  in  which  the  body  would  move  was  readily 
assignable,  but  also  the  magnitude,  position,  and  form  of  the  orbit. 
Applyiog  these  prniciples  to  the  motions  of  eometsi,  he  discovered  that 
these  bodies,  like  the  planeta,  are  retained  in  their  orbita  by  tbe  at- 
traction of  the  Sim  \  and  he  invented  a  method  for  determining  the  ele- 
mentg  of  a  comet's  orbit,  by  mea^ia  of  three  distinct  observations. 

He  perceived  that,  while  the  planets  and  satellites  are  mainly 
inHuenced  by  tlie  attraction  of  the  central  bodies  round  which  they 
revolve,  they  are  alao  liable  to  be  disturbed  in  ibeir  motions  by  their 
mutual  tiltraction.  Considering  the  moun  as  disturbed  by  tbe  sun  in  her 
urbiE  round  the  earth,  be  found  that  the  action  of  that  body  would  BjC' 
count  for  the  numerous  inequalities  which  astronomers  had  from  time  to 
time  detected  in  ber  motion.  He  demonstrated  that  the  mean  eflect  of 
mch  a  dirslurbing  force  would  be  to  cause  the  apsides  to  advance  in  the 
direction  of  the  moon's  motion,  and  the  nodes  to  regress  in  tho  oppo&ite 
direction,  both  of  which  results  are  conformable  to  oltservation ;  nor  did 
he  stop  here,  but  actually  computed  the  exact  quantity  of  many  of  the 
most  importftnt  of  the  lunar  inequalities.  He  discovered  that  the  mutual 
gravitation  of  the  molecules  composing  the  earth's  mass,  combined  with 
the  centrifugal  force  generated  by  ber  motion  round  her  axis,  would  cause 
her  to  be  flattened  at  the  poles.  Assuming  the  ftctual  figure  to  be  an  oblate 
spheroid,  he  assigned  the  mtio  between  the  polar  and  equatorial  axes,  and  de- 
t*?rmined  llie  law  of  gravity  at  the  surface.  With  a  sagadty  almost  divine,  he 
perceived  that  the  action  of  the  sun  and  moon  upon  the  redundant  matter 
iiceumulated  at  the  equator,  would  produce  the  sluw  conical  motion  of  the 
earth's  axis  which  occasions  tlie  Precession  of  the  Equinoxes,  and  he  indi- 
cated the  quantity  of  the  motion  due  to  each  of  the  two  distmbing  boditss. 
He  shewed,  also,  that  the  attraction  of  the  sun  and  moon,  by  elevating  the 
watei^  of  the  ocean,  would  continually  dietvirb  their  equilibrium,  and  would 
thereby  give  rise  to  the  pheuomenon  of  the  Tidea.      Finally,  what  13 


^un!,  ihe  lesser  welj^ht  wduld  give  way  to  the  greater,  aiid  tlie  two  partB  joini'd  together 
would  coiuinue  moving  in  b  right  line  ad  infmibm,  (owarti*  the  port  (o  which  the  greater 
WpigJit  tend* ;  a  result  whicih  b  entirely  qoiitrary  to  eipcricuiH.-." 


Bnfdflt  or  l>flTStl!Al  AATBMfMrP. 


ifihiy  |]ie  mott  astonish tng  of  ftll  tbe  results  to  wkich  he  was  conducted 
1^  Ins  theoty,  he  found  that  the  quantities  of  tnalter  eoQiained  iu  the 
TuamtHj  bodies  might  be  ascertaineil  bj  ubserving  the  eHecta  of  iheir 
laaiMftl  attraction.  By  means  of  thia  principle,  he  wa«  enabled  to  wtn- 
pm  tile  mass  of  the  sun  with  the  masses  of  those  planets  that  are  accom- 
fiaied  bj  satellites,  and  also  to  compare  the  mass  of  the  moon  mth  that  of 
dM  earth*. 

N»wton  has  given  &  full  eKpocition  of  iheae  fluhlim«  dbeoveiie«  in  hia 
immuiial  work,  the  FrineipiB.  Aa  the  appearance  of  ibis  work  iraa 
difrirmf  to  int3x>duce  a  new  era  in  wience,  it  may  not  be  uninteresting  to 
lawififti  briefly  the  circumstances  c«mi6Cted  with  its  publieatiun.  Newion 
iom  nol  appear  to  have  cont^emplftted  comTrmnicaliDg  to  the  world  his 
rfteamlMB  on  the  subject  of  gmvitation  until  the  occasion  of  a  visit  paid 
him  by  Dr,  Hallej  in  1684,  About  the  beginning  of  that  year,  HuJley 
had  discovered,  by  means  of  Kepler's  third  law,  tiiat  the  ceutri[>etal  force 
Ibt  eiioiilAr  orbits  varied  aocordiiipi  to  the  iiwerge  square  of  the  distance. 
TUb  reetiit  gave  him  the  kw  of  the  solar  f<>]ce  from  one  orbit  to  another, 
on  the  soppofiilion  that  tbe  plnnetg  move  in  circle?,  with  the  sun  in  the 
cencre  ;  but,  as  in  reality,  they  move  in  elliptic  orbits,  with  the  sun  in  the 
focus,  the  dii^tance,  in  Uie  same  orbit,  waa  subject  to  continual  variation  ; 
and  hence  it  became  necessary  to  ascertain  the  coiresponding  variation  of 
the  fbrve.  Finding  hia  mathematical  jrawer*  iiiadequate  to  the  task  of 
raoceaefullj  grapplmg  with  this  more  difficult  problem  of  dyimmicg,  he 
api^^d  to  Wreu  and  Hooke,  in  hopes  of  receiving  from  either  of  them 
atolntion  of  it.  Wren,  Bccording  to  Newton's  strntement,  had  deduced  the 
kw  of  the  inverse  square  of  the  distance  (for  circular  orbite)  several  years 
pravioua  to  Hal  ley  s  present  izommunication  with  htm.  When  H  alley  pro- 
posed to  him  the  problem  of  the  law  of  the  force  in  an  elliptic  orbit,  he 
ivpljed,  that  he  had  betitowed  much  thought  on  it,  but  was  compelled  to 
give  it  up  from  inability  to  make  any  impression  on  it.  Hooke  asserted 
li«  ntd  solved  it,  and  bad  found  that  the  force  varied  according  (o 
inverM  square  of  the  distaxtce.  When  pressed  to  produce  Itia  solution, 
he  nlitted  to  do  so,  declaring  that  he  would  conceal  it.  until  oihers  trying 
and  &iUng.  might  know  how  to  value  it  when  he  should  make  it  public. 
It  b  quite  dear,  however,  that  he  was  unable  to  support  his  a^ssertion  by 
any  mathematical  proof,  for  if  euch  had  been  the  case  ho  would  have  given 

forth  to  the  world  aa  the  surest  means  of  vindicating  his  claims,  wlien 
ke  attempted,  a  year  or  two  afterwards,  to  appropriate  to  himself  the  credit 
#f  Kew^ton's  discoveries. 

Unahle  to  obtain  a  solution  of  this  interesting  problem  from  any  of  hia 

itance  in  London,  Hal  ley  proceeded  to  Cani  bridge,  in  the  month  of 

1684,  for  the  eipre.ss  purpose  of  conferring  with  Kewton  on  the 

ilgeet.     To  his  iuexpreseible  delight,  he  learned  the  good  news  that  his 
had  alrwidy  brought  the  demonstration  to  perfection.     So  little  was 

<«wto(i's  mind  occupied  at  this  time  with  such  researches,  tliat  he  was 
finable  to  ky  his  hand  ou  the  papers  relating  to  them  when  Halley  visited 
,  bot  he  promised  to  send  them  to  him  soon  after  his  return  to 
1oBu  It  a[)peur3  that  Xeivtou  subsequently  worked  out  the  propo- 
^liorDi  afresh,  and  trunsniilted  them  to  Halley,  in  the  month  of  November 
of  the  Bame  year,     Halley  immediately  set  out  upon  a  second  visit  to 

r    *  fW  a  oondte  but  very  lumiiiuui  txpos^ilion  of  the  mocle  by  whicit  Kcwron  estnbliilied 
|tfw  pnscipte  of  gravitalioti,  sec  the  "  Iiibtor^'  of  Aitroiiumy,"  Library  uf  CKful  Kuow- 
,  pu  83^  et  le^. 
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Cambridge^  to  procure  more  in  formation,  and  to  encourage  Newton  to 
puirsue  his  researches.  In  December,  of  the  same  year,  we  learn  the 
progress  of  Newton's  lahoui's,  from  Halleva  anuoiiucemeut  to  the  Society, 
on  the  lOth  of  that  month,  "  that  lie  had  lately  seen  Mr,  Newton,  at  Cam- 
bridge, and  that  he  hart  shown  him  a  curious  treatise  '  de  Motu,'  which, 
"upon  his  desire,  be  said  was  promised  to  he  sent  to  the  Society,  to  be 
entered  upon  their  register.*'*  la  fulfilment  of  his  promise,  Newton 
transmitted  to  the  Society,  about  the  middle  of  February,  1685,  a  paper 
containing  his  early  researches  on  ceutripetfll  forces.  This  communicatiott 
consigted  of  eleven  propositioua,  the  greater  number  of  which  were  similar 
to  those  which  subsequently  formed  the  second  and  third  sections  of  the 
Priucipia.  Newton,  in  acknowledging  tbe  regis t ratio n  of  his  paper  by  tlie 
Society,  thus  writes  to  Mr.  Aston,  the  secretary,  on  the  2!kd  of  Ffbruary. 
"  I  thank  yon  for  entering  in  your  register  my  notions  about  motion.  I 
designed  them  for  you  before  now  ;  but  the  examining  several  things  has 
taken  greater  part  of  my  time  thau  1  expecieil,  and  a  great  deal  of  it  to 
no  purpose.  And  now  I  am  to  go  into  Lincolnshire  for  a  month  or  six 
weeks.  Afterwards  I  intend  to  tinish  it  as  «oon  as  I  can  conveniently.''^ 
It  is  quite  clear  from  the  above  letter  that,  although  Newton  was  already 
in  possession  of  the  groundwork  of  all  his  discoveries  in  Physical 
Astronomy,  he  had  not  at  tbis  time  developed  his  thoughts  beyond  the 
substance  of  the  brief  essay  transmitted  to  the  Society.  Indeed,  he  can 
hardly  be  said  to  have  entered  seriously  upon  the  composition  of  the 
Principia  until  his  return  to  Cambridge,  in  April,  1085.  Mr,  Uigatid 
has  justly  remarked,  in  refei*ence  to  thia  fact,  that  the  Principia  was  not 
a  protracted  compilation  from  memoranda  which  might  have  beeti  written 
down  under  the  impression  of  dilTererit  tmins  of  thought.  It  had  llie 
inc4ilculable  advantage  of  being  composed  by  one  continued  effort,  during 
which  the  mutual  bearing  of  all  the  several  parts  \vm  vividly  presented  to 
the  Rutiior's  mind  ^. 

On  the  aist  of  April,  1686,  Halley  read  before  the  Koynl  Society  a 
paper  on  gravity  ;  in  which,  after  alluding  to  the  labours  of  Galiteo, 
Toricelli,  and  Huygens,  he  mentions  the  trutlig  "  now  lately  discovered 
by  our  worthy  couuini'man,  Mr.  Isnae  Newlou,  who  has  an  incomparable 
'  Treatise  of  Motion 'a!  most  ready  for  the  press.  "§  The  prospect  held  out 
by  TTftlley  was  very  soon  realised  ;  for,  ou  the  iiSth  of  the  same  month, 
Dr,  Vincent  presented  to  the  Society  a  manuscript  treatise  of  Mr.  Isaac 
Newton  a,  entitled,  *'  Philosophifo  Naturalis  Principia  Matbematiwi." 
This  was  the  fii-st  book  of  the  Principia.  The  Society  directed  that  a. 
letter  of  thanks  should  be  addressed  to  the  author:  they  also  referred  the 
question  of  printing  it  to  the  consideration  of  the  Council,  and  the  drawing 
up  of  a  report  on  it  to  Dr.  Halley,  On  tho  Iflth  of  May.  the  Society 
ordered  that  the  book  should  be  printed  forthwith  :  whence  an  impression 
Jias  been  geuerji!ly  formed  tliat  the  Princit)ia  was  printed  at  the  expense 
of  that  body.  This  conclusion,  howeveri  is  not  borne  out  by  the  words  on 
the  title  page  of  the  work,  which  are,  *'  Jussu  Societatia  liegiie,"  not 
"  Jussu.  ct  Sumptibus,"  as  was  usual  in  those  cases  where  the  ctpense  of 
printing  was  defaiyed  out  of  the  funds  of  the  Society.     But  a  deci&ive 

*  Jfltimal  Boole  of  the  Roynl  Society  ;  ae@  aho  Rigaud's  Historical  Ewaj  on  tbe  first 
publicalioti  of  the  Principia.     OxFard,  EB38. 

+  Letter  Book  of  thv  Royal  Sockty,  vol.  x,  p.  28.  See  oUo  Rtgaud']  Essay.  Ap- 
{»ndtx,  page  '24.     The."  onjj:ii)j:)l  leUcr  lia^s  ncit  boen  (1iM!aveTed. 

$  Rignud'i  Essay,  ppge  25.  §  Phil,  Tram.,  vol.  xvi.  p.  0. 
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nArtatJon  of  the  current  opinion  h  fumislted  bj  &  resolution  p«$»ed  at  the 
meeting  of  the  Council  on  the  !:liifd  of  June,  to  the  effect  that  Mr.  Newton '• 
book  be  pnnted,  and  "  that  E.  Htilley  shall  undertake  the  buBiness  of 
looidog  uier  it  and  prinimg  it  at  his  own  charge,  which  he  engaged  to 
do."  Tike  fact  is,  that  when  the  Council,  which  took  cognizance  of  all  the 
pewmiftTy  sl^rs  of  ihi^  Societj,  came  to  consider  the  resolation  adopted 
aft  the  gesieral  meeting  of  Maj  the  lllth,  they  found  that  the  state  of  their 
timmm^Mk  *Ain\A  not  admit  of  their  carrying  it  into  effect.  A  woric,  "De 
Hiiloria  Pieciam/'  hy  Fr.  Willughhj,  bad  been  published  in  16i^6,  *' Jomi 
el  Somptibna,"  and  the  outlay  lucurred  by  this  pubtleation  appears  to  ha:va 
completely  e^^hausted  the  funds  of  the  Society.  To  such  extremities, 
iMAeedU  wBre  thej  reduced  by  this  act  of  impnident  liberality,  that  they 
van  oompelkd  to  pay  their  officers  in  copies  of  this  work  on  fishes,  in 
coaeeqnence  of  their  iu ability  to  procure  purchasers  for  it. 

Heanvhile  a  Tiolent  reclamation  was  raised  by  Hooke  relative  to  the 

JiiflOitrj  of  the  law  of  gravitation.    This  individual,  who  would  be  well 

M^tlad  by  his  gc'nius  to  occnpy  a  high  place  in  tbe  history  of  physical 

willK^i,  if  ha  had  displnyed  more  uprightness  and  modemtion  in  hia  rela* 

lioBs  with  etm temporary  pliUosopher^i.  had  no  sooner  heard  of  the  manu- 

eciript  which  Br.  Vincent  had  presented  to  the  society  in  Newton's  name, 

than  he  se^erted  tliat  it  was  be  ^bo  first  communicated  to  tlie  author  the 

law  of  the  inverse  square  of  the  distance,  as  well  m  various  other  di»> 

coTeiies  announced  in  the  manuscript.     We  liave  mentioned  that*  aa  early 

as  16&6.  Hooke  had  arrived  at  very  accurate  notions  on  the  subject  of 

.WOtzipetal  forces.  In  1074  hepubUshed  a  work,  entitled  ^*Au  Attempt  to 

tprore  the  Motion  of  the  Earth  from  Observations,"  in  which  he  desi^ribee 

geaezal  natore  of  gravitation  with  remarkable  cleametss  and  accuracy. 

^Jlliioai^U  however,  he  remarked  that  the  attractive  forces  acting  between 

'bodies  "^  are  more  powerful  as  the  distances  from  the  centres  are  less,''  it  is 

^aite  clear  tl^at  tbe  idea  of  computing  by  a  roathematical  investigation  tho 

^mteaeatj  of  the  force  in  any  case  at  different  distances  from  the  centrei 

rtod,  theiehy  ttscertaining  the  law  of  its,  variation,  did  not  at  all  occur  to 

for,  after  referring  to  the  vaTyini^  intensity  of  tJie  force,  he  then 

f  goes  on  10  aay :  *'  now  what  these  several  degrees  are  I  ha^e  not  yet  esc- 

[yripMwieflV  verified. "    It  would  appear,  however,  that,  guided  by  the 

vadogj'  of  other  emanations  from  centres,  be  had  subsequently  adapted 

the  inrerse  square  of  tho  distance  as  the  law  of  the  force  which  retains 

tbe  pknela  in  their  orbits;   and  then,  ex^tcndiug  the  same  law  to  the 

[••utb,  be  concluded,  by  an  inveriiiion  oi  the  question,  that  the  path  of  a 

l:m)jecti]e  wm  am  ellipfee^  with  the  centre  of  tbe  earth  iu  the  focus.     We 

I  We  mentioned  already  tliat  Hooke  was  unable  to  produce  a  demon stra- 

yium  of  the  law  of  tbe  invct^e  square  of  tlie  di'^tauee,  although  he  boasted 

^reMitedly  that  he  had  arrived  by  legitimate  reasoning  at  that  result. 

[Toe  Jhfii  ia  that,  although  a  raan  of  cttraordinttry  ocutenet^s  in  physical 

'ffiktlen.  he  had  no  talents  for  ni3thcmatit?al  science;  and  this  defect  con- 

ktituted  an  eOTectual  bar  towards  his  establisliing,  upon  a  satisfactory  basis, 

any  of  the  grest  troths  relating  to  the  theory  of  gravitation. 

But  although  Hooke "s  powers  were  inadequate  to  the  complete  invesU- 

galiou  of  the  problem  of  centrijjelul  forces,  there  was  much  merit  in  the 

>tliienieiH  with  which  he  pointed  nut  the  mode  iu  which  a  body  h  retained 

in  *  CttrvQinear  orbit  by  a  force  continually  directed  towards  a  ti,Ted  cen- 

to"e*     His  views  on  this  subject  were  iu  strict  accordance  with  mechanical 
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principles,  ftnd  it  must  bo  admitted  tiiat  they  formed  an  important  step' 
towards  a  rigorous  solution  of  the  problem. 

When  Iliilley  learned  the  extreme  pretensiooi  of  Hooke,  he  deemed  it 
his  duty  to  at'quaint  Newton  with  the  charge  prefeited  againathim.  Thii 
OnUad  forth  a  long  and  interesting  letter  from  Newton,  dated  June  26th, 
IflBfl,  in  which  he  mentions  a  variety  of  particnlara  connected  with  tho 
progress  of  his  researeheB.  He  ttaserts  tliat  he  had  discovered  the  law  of 
the  inverse  squnre  of  the  distance  (for  circular  orbits)  even  previous  to  the 
pnblicetion  of  Huygenfi  treatise  "  Do  Horologio  Oscillatorio."*  He 
udmita  that  he  ■was  led  to  tTooaider  the  law  of  the  force  in  an  elliptic  or- 
hit  by  Hooke *3  letter  to  him  in  1070,  but  he  positively  denies  being  in- 
debted to  him  in  ajiy  other  way  for  the  results  at  which  he  arrived.  This 
letter  contains  some  interesting  information  relative  to  the  progress  of  his 
labours  in  composing  hia  great  work.  "  I  designed,"  aaya  he,  *'  the  whole 
to  consist  of  three  books ;  the  second  was  finished  last  summer,  being 
short,  and  only  wanta  transcribing,  and  drawing  tho  cuts  fairly,  Some 
now  propoaitioua  I  have  since  tliought  of,  wbich  I  can  as  well  let  alone. 
The  third  wants  the  theory  of  cometa."  Thus  it  appears  that,  about  fif- 
teen months  after  he  returned  from  Lincolnshire  to  CambridgR,  ho  had 
almost  completed  the  llires  hooka  of  the  Principia,  This  fully  corrobo- 
rates the  attitement  of  P  ember  ton,  that  Nesvton  was  engaged  only  about 
ei^teeu  months  in  the  composition  of  his  immortal  work.  When  we 
contemplate,  in  coime^iion  with  this  fact,  the  prodigious  mass  of  original 
discoveries  announced  in  the  Principia,  the  mind  is  lost  in  amazement  at  the 
power  of  thought  which  could  have  reared  into  existence  eo  Btupendous  a 
monument  in  such  a  brief  space  of  time. 

Newton  seems  to  have  been  so  much  disgusted  with  Hooke  *8iriolentconduct, 
that,  in  the  letter  above  referred  to,  he  intimated  hia  resolution  to  suppress 
the  third  book  altogether,  containing  the  application  of  hie  dynamical  dis- 
eoveriea  to  the  system  of  the  world.  On  the  occasion  of  announcing  his 
splendid  discoveries  in  Optics  at  an  earlier  period,  ho  had  e.xperienced  much 
annoyance  from  the  ignorance  and  jealousy  of  rival  claimants,  and  henowfeared 
tliftt  Ilia  peace  of  mind  might  be  disturbed  again  by  a  similar  canse,  "  Fhilo> 
Sophy,"  says  he,  "  ia  auch  an  impertinently  litigioiis  lady,  tlmt  a  man  hnd  a» 
good  he  engaged  in  lawsuits,  as  have  to  do  with  her.  I  found  it  bo  fonnerly, 
and  now  I  am  no  sooner  come  near  her  again  but  she  givea  me  warning. 
The  two  first  books  without  the  third  will  not  bear  so  well  the  title  of  'Phi- 
losophise Naturalis  Principia  MathemaUca ;'  and  therefore  I  liad  altered  it 
to  this,  *I>e  JIoiu  Corporum  libn  duo;'  but  upon  second  thoughts  I  retain 
the  fonner  title,  'twill  help  the  sale  of  the  book,  which  1  ought  not  to  di- 
minish now  'tis  youra."  Halley  wrote  a  soothing  reply  to  Neis'ton,  declar- 
ing his  belief  in  the  groundlessness  of  Hooke'a  charges,  and  imploring  him 
not  to  perserere  in  his  resolution  of  suppressing  the  third  book  of  his 
work.  Newton  seems  to  have  listened  favonrably  to  the  advice  of  Kia 
friend,  and  he  gave  a  proof  of  his  conciliatory  disposition  by  adding  a 
scholium  lo  the  fourth  proposition  of  tho  iirst  book,  in  wliich  he  mentiotis 
thut  Wren,  Hooke,  and  Halley,  had  all  found,  by  means  of  the  relation 
between  the  periodic  tiroes  and  the  distancps,  that  the  force  which  retains 

*  In  ■  subsequent  ]ett<*r  to  1 1  alley,  ctat^il  July  Htti,  \GEG,  he  inentiotis  having  IVrivcd 
tt  thv  low  of  uic  inverse  square  of  tlie  di^taiicr,  by  Rieanit  uf  Kepler's  thcoretn,  nbnut 
twmtjp  year*  pr«Tiou*ly-    '1  nis  vFotild  enrry  b.ick  liis  orittma]  ^peculftrions  to  abwut  the 

•  Birigflcid  to  them  by  Pcmberrou.     The  oHginal  of  ibii  lellcr  is  m  ihe  guard-bouk  of 
Royu  Sociclf. 


BlfflOBT  9f  FEnmCAL  ASTBOSIOVf. 


k 


llie  cel«Bti^  1>odiefi  In  their  orbits  (supposed  circular)  varies  auD^rding  to 
tlw  iiiTen«  sqaare  of  tbe  distance. 

Ii  IS  impossible  tcto  much  to  admtre  the  conduct  of  Halley  in  regard  to 
the  pftTt  he  took  in  the  pubHcatioii  of  the  PriDcipia.  Indeed  we  mat 
reaaonnbly  doubt  irhether  that  iiumortjil  vork  would  ever  have  bdm 
writf4m  91  all.  if  it  had  not  been  for  his  enlighteaod  zeal  in  the  came  of 
adtnoe ;  for  Neirton  himaelf  appears  to  have  been  imbued  much  mora 
ttiongly  mth  the  love  of  pondering  in  secrel  over  his  dii:tcoverie<i,  than  ho 
ina  tirged  bj  the  equalij  natural  feeling  of  conimiitijcating  them  to  others. 
Thki  flianoaitioD,  of  mind  \ras  foatered  by  a  lively  recoUectiou  of  the  ad- 
nc^meo  he  had  suffered  from  the  publication  of  hiti  reseaivboa  ia  Optics, 
and  it»  omaequient  dread  be  entertained  of  having  bis  tmuqiullity  again 
disturbed  by  a  controTersy  wiib  envious  ri^^als.  Hal  ley,  there  fore,  beaidoa 
djicorofing  iBo  only  individual  living  vrho  could  unfold  the  physical 
tkaoiy  of  tlie  oelesUal  moliuns,  is  entitled  to  the  credit  of  liaviug  per- 
goaded  liim  Lo  communicate  hht  distoTeries  to  tlte  world.  Nor  waa  tbi» 
aQ;  Jor,  aa  bas  been  already  hinted,  he  defniyed  tlie  rxpeose  of  publisb- 
iag*  the  Principia.  at  a  time  too  when  bin  Uiiances  could  ill  atford  such 
an  outlay  f;  and  also  undcrttK^k  the  revision  of  it  in  its  progress  through 
tlM  preas.  Foateriiy  has  retained  a  grateful  recollection  of  those  princes 
iibo  Bt  dtffierent  penods  of  hiatory  have  distinguished  their  reign  by  a 
ttmiifieent  pauronage  of  learning  and  acioooe ;  but,  among  alt  iljose  who 
hate  thus  contributed  indirectly  to  the  progress  of  knowledge,  there  in 
ocow  wbo  ediibits  such  a  bright  example  of  diain teres tedness  and  self- 
MCTifieing  seal  as  the  illustrious  superiut^udent  of  the  iirst  edition  of  tho 
PnDctpia.  It  ia  pleasing  lo  reflect  that  Hal  ley  roceired  ^uch  a  noble  rc< 
nazd  for  his  exertions  in  the  splendid  discoveiy  \^iih  vThich  lus  name  is 
nomortBily  aModatod,  and  to  vhich  bo  vvoa  luainly  couducted  by  New- 
ton'a  reeearchea  on  cometa. 

The  Priudpia  was  published  in  1687,  and  was  dedicated  to  the 
Ragnd  8oci«ty.  At  the  begiimiag  of  it  waa  iuaorted  a  Latin  poem  in 
ltQuiiet«r  verae  by  Halley,  iu  hooour  of  Newton's  discoTeries.  The  con* 
doding  line  runa  thus ; — 

"  Nee  hi  at  pro])iu«  mortdi  altingCrD  divot ;  "( 

eologium,"  &ays  tlie  severe  Delambro,  *'  vrhleb  no  one  has  charged  with 

;gr  ration."! 

b^  whole  work  ii  divided  into  three  books.  The  fir^t  book  treats  of 
motioti  in  free  space ',  the  second  ia  occupied  chieBy  with  quoationa  re> 
ladng  to  resiated  motion  :  the  third  is  upon  the  syatem  of  the  world. 

The  first  book  fs  divided  into  fourteen  eectiona,  and  contains  ninety- 
dgbt  propoBiUona,  beitidefl  a  number  of  corollaries,  lemmaSf  and  gchoUft. 
Id  tlie  tirbt  &eetJLin,  Now  ion  explains  the  geomptry  which  he  employs  in 
Ina  sruhsequeut  inve^tigiitions.  It  h  termed  by  him  the  method  of  primo 
tad  vltitiiate  ratios,  and  ia  essentially  the  same  as  the  ditferential  calculus^ 
In  the  s*H;ond  section  be  enter*  upon  tho  subject  of  centripetal  forces, 
demoitstrating  Kepler's  theorem  of  areaa,  and  iuvcsligntuig  tlie  law  of  tho 

*  It  miMt  be  Uttdentnad  tbal  HtBey  was  tuWquentlf  rcioibuncd  for  the  expciuct 
00etKctl^<l  with  »h*!  puljlJcaliiin  of  the  Prmcipi*  by  the  (ale  of  the  copies  of  the  work. 

t  He  WW  brought  up  in  afflutint  drcumBtoocet,  but  in  1664  liu  (ktbcr  died,  after  com- 
lltMly  ww^ff  b»  fortune. 

Nor  m  it  lawful  iat  tnortdii  to  hpproarh  oenrer  the  Deitj-. 
I^Mnr  de  I'AftroaomiG  de  DixnuLtiemc  Sieele,  p«  % 
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foree  in  vaiioua  cQrveg.  In  the  third  section,  he  considers  the  motion  of 
a  body  compelled  to  revolve  iu  any  of  the  conic  sections  bj  a  force 
directed  continuftlly  to  the  focus.  The  fourtli  and  fifth  section b  are 
purely  geometrical,  relating  to  methods  of  drawing  conic  sections  through 
given  poiuta  and  touching  given  straight  lines.  The  sixth  section  treats 
of  the  motion  of  a  body  in  a  given  orbit.  The  seventh  treats  of  the 
motion  of  a  body  ascending  or  deiscending  in  a  straight  line  relative  to  tlie 
centre  of  force.  The  eighth  contains  the  investigation  of  the  orbit 
described  hy  a  body  M'hen  the  law  of  the  centripetal  force  ia  given.  The 
ninth  relates  to  the  motion  of  bodies  in  moveable  orbita.  This  gection 
contains  the  famous  investigation  of  the  motion  of  the  apsides.  The 
tenth  treat"?  of  bodies  moving  on  given  eorfacea,  and  of  the  motion  of 
pendulumg. 

Hitherlo  Newton  has  been  considering  only  the  motion  of  material 
points.  In  the  eleventh  section  he  iuves^tigates  tlie  motion  of  bodies 
exposed  to  tlieir  mutual  attraction.  The  twelfth  treats  of  the  attractiOR 
of  spheres.  The  thirteenth  of  the  attraction  of  bodies  not  spherical. 
The  fourteenth  relates  to  the  motion  of  small  particlea  passing  from  one 
medium  into  another. 

The  second  book  is  divided  into  nine  sections,  and  contains  fifty-thrca 
propositions.  It  treats  of  bodies  moving  iu  resisting  media  upon  ditrerent 
hypotheses  of  the  resistance ;  and,  whether  nuivjng  in  straight  lines,  or 
curves,  or  vibrating  like  penduluins.  It  also  takes  coguizaiice  of  the 
more  recoudite  partsi  of  several  other  bmncbes  of  the  Pliysico-mathematical 
sciences.  The  second  lemma  to  tlie  eighth  propgsitifni  contains  an 
exposition  of  the  method  of  Fluxions,  which  is  rendered  necessary  in  most 
of  the  investigations  of  this  and  the  following  book. 

The  third  book  contains  forty-two  proposition!?.  From  the  first  to  thfi 
eighteenth  inclusive,  Newton  demonstrates  various  general  theorems 
relative  to  the  attraction  of  the  sun,  moon,  and  planets.  In  the  nineteenth 
and  twentieth  he  investigates  the  ratio  of  the  earths  axes,  and  compares 
the  weights  of  bodies  at  the  surface  in  diiTerent  latitudes.  In  the  four 
followiug  propositions,  he  shows  that  the  precession  of  the  equinoxes,  the 
irregularities  of  the  moon  (md  the  other  satellites,  and  the  phenomena  of 
the  tides,  arc  all  e.tplicahle  by  the  principle  of  gravitation.  From  the 
twenty-fifth  to  the  thirty-fifth  iudlusive,  he  computes  the  various  in» 
efjualities  of  the  moon's  motion.  The  thirty-sixth  and  thirty-seventh 
treat  of  the  tides.  The  thirty -eighth,  of  the  figure  of  the  moon.  The 
thirty-mnth,  of  the  precession  of  the  equinoxes.  The  remaining  three 
propositiouH  are  devoted  to  the  theory  of  comets.  At  the  con<:;luston  is  a 
scholium  to  the  whole  work,  containing  general  reflections  on  iho  con- 
slitution  of  the  material  uuiverj^o,  aud  on  the  eternal  and  omnipotent 
Being  who  presides  over  it  *. 

The  publication  of  the  Principia  marlis  by  far  the  most  important 
epoch  in  the  history  of  physical  science.  Previous  to  its  appearance  the 
researches  of  philosophers  may  be  said  to  have  resembled  the  voyages  of 
the  early  uavigiitors,  who  continued  creeping  timidly  along  the  coasts, 
without  daring  to  launch  their  b«rk^  into  the  bouudHess  ocean.  Newton, 
like  another  Columbus,  disdained  to  confine  himself  within  the  common- 

•  Be»i(!e»  the  origSniit  edition  of  the  Principta,  two  othera  were  publiihed  durfng^ 
the  life  of  llie  auihnr.  The  second  edilion  was  pubtiflicd  at  Cambridge  in  1713,  under 
the  supcr'mtendcncc  of  Cutetr,  The  third  edition  was  [iiibti^hcd  at  London  in  1726,  by 
Pvmbertot]. 
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itiea  of  ordinaiy  miuds;  aiid,  guided  hy  tbc  cngle  eye 
explored  tbe  secret  springs  which  nuimate  a  whole  s^bt^m  of 
worlds.  We  cannot  convey  to  the  general  reader  ft  more  o<leqtjnte  idea  of 
the  merils  of  the  incoiupairaUe  work  ju^t  meutioQed,  tliiui  hy 
ritmg  the  judgment  pi'oaciunced  upon  it  bv  the  most  iliiialiious  of 
Ntivrton'e  followers.  Laplace,  after  enumerating  the  various  astnuioaiicul 
discjjveries  first  anuouQced  in  the  Priiicipia,  coneluJes  iu  ihc  following 
terms: — ''  The  imperfection  of  the  Intiuiteisimal  OjJcuIus.  wlien  tiret  dis- 
covered, did  not  allow  Xevrton  to  resolve  completely  the  difliciiU  piiihlema 
wkich  the  system  of  the  world  oilers,  and  he  woj-i  oiteu  compel  tod  to  give 
iaete  hints,  which  are  always  uncertain  until  they  are  confirmed  by  u 
rigoroas  analysis.  Notwithsiauding  these  unavoidable  defects,  the  tiumbur 
and  generality  of  his  discoveries  reUitive  to  this  system,  and  many  of  fho 
most  iuterestiug  paints  of  the  I'hysico- mathematical  scieuees,  the  nmlti- 
tode  of  oiigiiKil  and  pnofound  \ievi^,  winch  have  been  the  perm  of  the 
-^pesi  bnlliont  theories  of  tlis  geometers  of  the  la^t  century,  nil  of  which 
Vere  presented  with  much  elegance,  will  aitsure  to  the  Priticipia  a  pre- 
eminence above  all  the  other  productions  of  tiie  human  intellect."  * 


CHAPTER  II. 
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KnMsA'«  tuteliecluAl  Diaru^r  ctmatlcred  in  connexion  witli  his  Scicnlific  Rc-eearetica.^ — 
Hit  Inductive  Ak-ciK  Io  ihe  Prificipic  of  Gnivlt&^on, — Motion  t>f  a  Body  ill  an 
Orbit  i*r  Variable  Curvsiturc. —  AUrat'tion  of  a  Spherical  Ala^  of  ParlicS*?*. —  Dt'Vcto|Hj- 
mesit  of  the  TUeory  oT  Gfarrtolbn, — General  EflecU  of  Perturbfttion.— ImifjualiliL'*  uf 
Ibe  Moon  computed — Aid  afforded  hy  the  Intinitcsimal  Calculus.  —  Figure  uf  tbe 
Earth. — AtJniclioBor  Spheroids.^ Prccenion  of  the  E«julnoses, — ^Gcnen!  ot-cmiipy  of 
Nr»ian'«  Resultc^AnecdDtei  illustrative  of  hi*  Natural  Disposition.— Hit  Death  and 
ln(«nnciiL 


KctrroM  was  singularly  endowed  with  all  those  qualities  which  enable  the 
maad  to  Dufold  die  laws  of  the  material  world.  He  could  dutoct  with  a 
gjtnee  the  distinctive  features  of  natural  phenomena,  and  with  tnar- 
fdlooa  aa^^ity  divine  the  pHnciples  on  which  they  depended.  With 
tbsse  valuable  qtialitieti  he  combiued  a  proi}eDet>3  to  generalization,  which 
ctoatuitly  led  him  to  connect  together  tlie  facts  he  was;  contemfilatitig, 
ud  idvBxioe  froDi  tbem  to  more  comprehetisive  views  of  the  operations  of 
oatiire«  He  potigeased  alsw  powers  of  mathematical  invention  aclt^qiiate  on 
■U  occasions  to  sunnount  the  difficulties  he  might  encounter,  either  In 
moratditig  by  induction  to  general  laws,  or  in  subF^equently  rede^cenditig 
from  them  !■>  the  eiplfmation  of  their  various  consequences.  When  wo 
consider,  moreover,  that  he  was  imbued  with  an  extretae  love  of  tiuljj, 
nkich  induced  him  to  reject  all  speculations,  however  ingenious  and 
bcKutifuK  thiit  were  not  recoucih.'nhle  with  facta — that  Im  whole  soul  was 
VTBpiped  up  iu  the  study  of  nature  and  her  works,  and  that  be  posftest.ed 
in  an  cxtraordinanir  degree  the  power  of  concentrating  the  whole  cncrgiuy 
of  Ui^  iKtellect  upou  the  object  of  Ins  researches,  we  may  form  hooib 
Qjoeeption  of  the  ndvantageB  under  which  he  approached  the  exauii nation 
«>f  pbyitical  queHiious.     It  is,  in  fact,  in  consequence  of  bis  possession  of 

Exposition  du  Syst^me  du  Monde,  Uv,  v,  chap,  ¥, 
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all  tliose  quftlitieB  iti  so  high  a  degree,  that  he  etaiitls  Tvilioiit  n  rii 
atQong  ancient  or  modem  philosophers.  His  discoverr  of  Universal 
Gravitation,  beyond  all  coniiiariaou  the  greatest  achievement  that  the 
huraan  niind  can  boa&t  of,  aflbrds  abundant  illuatratiou  of  the  truth  of 
this  remark.  Throughout  the  magnificent  traiu  of  iiiTestdgations  which 
that  discoA^eiy  suggested  to  his  mind,  we  see  bim  constantly  tiiii ting  the 
saga<!ioii!5  and  comprehensive  views  of  the  genuina  interrogaior  of  nature 
with  the  fertility  of  inventiou,  the  skilful  research,  the  profundity  and 
elegance,  ol  the  c^^nsuinmate  mathematician.  We  have,  in  fact,  presented 
to  ufi  the  unexampled  combiuatioa  in  one  individiml  of  all  those  attributes 
of  genius  wlneh  ennoble  the  human  intellect,  and  wbi*'h  have  tlirovvn  the 
halo  of  immortality  around  the  names  of  Kepler  and  Leibnitz — ^of  Galileo 
and  Deacartes^ — of  Bradley  and  Lajilace, 

Tbe  tmnscendent  powers  of  Newton  3  intellect  are  equally  disceroiblo 
in  his  inductive  ascent  to  tlio  principle  of  gravitation,  jind  in  his  eub» 
liequent  developement  of  its  numberless  conaequenees,  Notwithstjmilin^ 
the  sagacity  he  exhibited  in  comiecLing  the  fall  of  a  etone  at  the 
suriflce  of  the  earth  with  the  motion  of  the  moon  in  her  orbit,  and 
both  of  these  phenomojui  with  tbe  motions  of  the  planets  round  tbe  siui, 
he  would  inevitably  have  failed  iu  eatablisbitig  this  sublime  concepdou  as 
a  physical  tmtlj,  if  bo  hail  not  also  possessed  sufficient  matlienmtical 
genius  to  solve  the  prol»lem  of  central  forces  for  an  orbit  of  variable  cur- 
vature. To  those  who  ore  acquainted  with  tbe  &tatt'  of  mechanical  sci- 
ence in  Newton's  time  it  would  be  supertluous  to  racnlion  that  tbe  highest 
powers  of  invention  were  indispensable  for  this  purpose.  When  we  reflect 
on  the  fact  timt  Kepler  spent  a  considerable  part  of  his  life  in  vain  efforts 
to  estJiblish  a  couuesion  between  the  motions  of  the  planets  aiid  the  con- 
tinual agency  of  some  physical  principle,  that  tbe  question  entirely  escaped 
the  sagacity  of  Galileo,  and  that  Huygens,  although  in  complete  posses- 
fiion  of  the  laws  of  motion,  was  unable  to  advnuce  iu  its  solution  beyond 
the  case  of  a  cb-cular  orbit,  we  mtiy  well  imssgine  the  obacunty  in  which 
it  was  enveloped,  and  tbe  niiitbemtUiivd  difficulties  which  the  investigation 
rauBt  have  oflered.  Even  when  N^wtuu  bad  succeeded  in  this  research, 
he  merely  established  the  mutnal  gravitation  of  the  planets,  njc^wrd- 
ing  to  the  law  of  the  inverse  square  of  the  distance,  but  ho  wna  not 
aliso  enabled  to  extend  the  same  principle  to  the  ultimate  particles 
of  which  tbe  mnsaes  of  the  planets  arc  compoBcd,  In  order  to  effhct 
this  object,  nnd  thereby  to  esud>lif.h  the  law  of  gravitation  in  its 
widest  gcnemlity,  he  was  compelled  to  determine  the  effect  of  the 
atiractioa  of  a  Bjiherieal  agglomeration  of  particles.  This  problem  is 
of  ft  totally  opposite  nature  to  the  one  already  referred  to ;  for  bt^re  we 
have  an  infinite  number  of  particles  in  juxtaposition,  all  attracting  iho 
body  with  tmcqual  intensities  and  iu  diiferent  directions.  Its  intricacy  is 
manifeat  at  bi-st  sight ;  nor  was  this  circtmistance  compensated  by  any 
preliminary  hints  calculated  to  faciltiatc  its  sulntinn,  for  the  mere  con- 
ception of  such  a  problem  had  not  yet  occurred  to  any  mathemrttieian. 
Newton,  however,  again  triumphed  over  opposing  difficulties,  and  thna 
succeeded  iu  riveting,  with  the  bonds  of  demonstrative  reasoning,  all  the 
links  of  bis  uiagnilicent  general ization. 

In  redcsoending  from  the  principle  of  univerfiul  gravitation,  and  pur- 
suing it  intu  its  remoter  consequences,  he  di^jdays  even  more  astonishing 
force  of  genius  than  be  does  in  tbe  course  of  bis  indttclive  ascent.  It 
might  be  supposed  that  wheu  once  tbe  highest  step  of  gcnemli^sation  was 
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ttlUDed,  the  faoetions  of  tbe  naltirjil  philosopher  would  CMse.  and  tiiA 
uak  of  tfsdsg  ihe  derivative  trulhs  of  a  pniiL-ipla  m  essentially  con. 
venKBt  with  die  abstiuctions  of  ^pace  and  time  as  that  of  gravitalion. 
noold  4leT0ir«  entirely  on  the  mathomaticlan.  This  h  indeed  true  to  a 
gmt  AxlMltM  our  own  day»  whos.  from  a  few  ditlerentiul  equatioDs,  in* 
fttN&lg  til*  geoeral  law  of  gmritotion,  ail  the  pheuiimetin  of  tiiti  planetary 
notions  ouKf  be  derived  by  a,  process  of  puro  i^vmbuliLal  reAsotiing.  But 
m  Kmttmi'*  tina  snch  a  method  of  investigation  wtis  utKM-lj  impructicahlc, 
Ibk  Ibo  gnmndwork  of  it  could  not  be  said  to  exist.  The  Htience  of  me- 
thuanwuA  tilt  !u!ed  to  admit  of  tho  immcdiato  tnuidn- 

tim  of  the  coil  11  into  an  andytical  form  '*  t  and  even 

if  «Bcll  •  step  hud  beou.  already  posgiLle,  no  further  progreea  could  haru 
ben  OMuie  in  the  same  flirectbn  without  a  moro  powcrfn!  calcalua  than 
Newton  WKS  in  ^losseBsion  of.  Tho  theorj  of  ditlerentin)  equatious  was 
jtetftmsrv  germ,  itud  liid  aritlunetic  of  tmgnlar  fimctions  f,  vehirh  tenda 
•0  mnch  to  ratudetwe  tad  eimpllfy  the  processes  of  analyaia,  and  thereby 
la  tnoreasB  its  effiddzicy,  was  utterly  nnknofm.  It  irtis  therGforr  »i)c!y 
upon  the  ittnate  retiourcea  uf  hi&  genius  as,  a  philosuphcr  iitid  a  niathe- 
m^ttrian  Umt  Newton  had  to  rely  in  pursuing  the  consequences  of  the 
dwocy  of  gravitation,  by  a  profound  study  of  the  nKMie  in  whicli  forces 
openl*.  Mdpd  by  his  admirahlo  a^acity  in  referring  pbenomenii  to  iJieir 
inae  physical  {%uses,  be  vnm  enabled  to  trace  with  aatoni^^ihiu^  accuracy 
llu!  Ttrtoii^  ooneeqaencee  resulting  from  the  mutual  gmvttatiou  of  tbe 
Mlitm  of  the  Botar  system,  tt  would  be  difficult  for  any  mathetnatician 
tt  lbs  present  day,  armed  mth.  all  the  resources  of  mechanical  sdeuce,  to 
enouBO  Bior©  fully  and  more  clearly  the  ffcnttfil  elftcts  of  perturltation 
IMU  Newton  has  done  in  the  sixty-sixth  proptgitioii,  and  ]t8  corollaries, 
flCllie  fint  book  of  the  Phiicipia.  When  he  prot'oeded  to  investigate  the 
iitail  vmlnes  of  thtise  etloct-?,  with  the  view  of  ijuhmiiting  his  theory  to 
•  liopiwaa  cnmtMmsou  with  observation,  ho  found  hiti  path  beset  witli 
■mMOulicat  diQlfulut^s  inhiniely  mate  fonniduble  than  any  be  bad 
iJllMiU)  encountered,  iu  comjoquence  of  the  excessive  complication  occa- 
akniad  Ijy  the  perturbing  forcea,    Nor  was  the  geometry  he  employed  in 

•  We  aliade  here  mam  «|ieeiiily  to  the  invesligattoni  connected  with  tli«  fiji^rM  of 
lb*  heavettlj.  bodicti  tbob  motidtit  vound  ifacir  ceDirc^  of  gmvitvi  and  the  viiuilialJoiM  of 
ibe  flttidt  on  (heir  iurbcm. 

I  Aldiougli  iliA  u^  of  (rig onomctrical  fomiuln  in  ana]yl{fAl  procoAcs  wai  not  intro- 
da«ed  anoae  noailieaittieiuw  until  hntf  a  cenlurv  after  the  pnbticotipn  of  the  Pnnclpia, 
k  wpold  pcraapa  bfl  umaftt  to  f>r(>tti>un<*c  a  |io«ilJve  (ijiiiibn  on  thit  (mint  nilli  reipcct 
M  }(e*Uia  liiaiMlC  for  ti*-  ^^'^■■'""niiDnt  »fu>w  Jiim  lo  ha^v  lH.-en  at  least  in  complete  ]xis- 
mmott  of  the  alg^brsU':  ^'f  inngulaf  ftini'tiau!.     Hiut,   in  tracing  we  boraij 

IMlHHi   of  the  fiodei  (t  tit.  prnp.    x\t.)  by  njeati*  of  the  triple  product^ 

»B  TPL  »ln  PT  K.  Btti  .STN,  —  or  the  njortn'*  dirtance  from  (jyadraturet,  herdu^ 
tnxx  hxnm  llie  ncjdrs,  and  ih<>  «H»tnTi<*c  nf  the  nodes  from  the  mn,  ho  docribci  the  elfret 
upon  tlic  fortauU  of  tin  <  i  the  »evenil  anfftet  with  u  much  apjiarcnt 

«u«  M  ibe  tlkMl  eipert  luy  ecjuld  do.     The  iUmlrious  Euk<r  nuty, 

b(m«Vi'r    ' -- .L,...i  ;.„   ,,i'  {hij  laluaLlc  PXleiJiion  of  aualj^is  «ince 

it  «•»   1  'ly  '•'  I'te  knnwled^c  of  m.ithematici.ina.     ITiia 

W^  ::.     ;  ..■.''.:  < '>f  JupUor  and  Siktuim.  which  obtained  for  him 

IrnvnUH  of  the  Acvdeni^  «f  Scivurc^  wt'  Pariet  for  the  year  1748.  Af^er  deriving  the 
^l^iiBil  ailWUitoiH  fcir  tho  purturbinfr  funce,  ho  then  proceL'di  in  Ihe  folJoKittg  tenn»: 
^-**  l«  pIti|Mrt  du  calcu!  rouliTsdnnc  »ur  Ics  angles,  t/uaj'tnirttduirai  eui-mma  dan*  k 
talcml,  en  marquant  leur  linust  L-usinus  tangciilcit.  colangotitcs  par  Ics  cu^acteres  sin  coi- 
IHK.  (t  oot.  Ritws  de\'atit  le»  tetirej  qui  cxprimeut  let  angles.  Crla  abregera  tr««  con- 
lymMrmmt  le  aiJL-<J  ifurtout  dons  im  integralioiu  et  diferentiationv"—  RC-^herciM.'^  dea 
.  dc  Jupiter  ct  de  Salunie,  [kid. 
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these  researches  calcalated  to  facilitate  his  labours.  He  loved,  on  dl  pos- 
Bible  occi^ions,  to  adhere  to  the  synthetic  method  of  the  ancieut  {geo- 
meters ;  but  this  course  entailed  upotj  him  a  vast  expenditure  of  thought, 
— for  not  only  was  it  with  the  utmost  difficulty  that  the  aiicieut  geometry 
could  be  nicKlcd  iu  such  delicate  int]uiries,  but  as  it  could  not  furnish 
any  general  method  of  investigAtion.  he  was  compelled  to  devise  a.  fresh 
mode  of  attack  for  each  successive  problem,  and  thus  his  inventive  powere 
were  constantly  mlled  into  severe  esercise,  Notwithstanding  the  rude 
and  unmancLgeable  character  of  the  instruments  he  hod  to  deal  with,  he 
opphed  them  with  amazing  dexterity  to  the  computation  of  some  of  til© 
most  complex  effects  of  perturbation»  such  as  the  irregularities  of  tlie 
moons  motion,  the  figure  of  the  earth,  and  the  precession  of  the  equi- 
noxea-  The  difFtculty  of  treating  sueli  subjects  by  the  ancient  geometry 
may  be  imagined  from  the  fact,  that  no  one  of  his  successors  has  beon 
emibled  by  its  iiid  to  advance  a  single  step  beyond  the  point  at  which  he 
arrived  *  ;  and,  in  order  to  proceed  with  tho  further  developement  of  tlie 
theor)'  of  gravitation,  it  luis  been  found  necessary  to  have  recourse  to  the 
tuore  ea-iy  and  comprehensive  methods  of  analysis. 

Kor  are  the  result*  to  which  he  was  conducted  such  rude  approximations 
as  one  would  be  iipt  to  supiwse  from  the  unsuitahleness of  synthesis  for  such 
intricate  subjects,  His  reaearchea  on  the  lunar  theory  are  especially  re- 
nmrkable  for  their  iugeuuity  and  elegance,  and  for  the  general  accordance 
of  the  reiiultj*  with  observation.  He  computed  the  inequality  termed  the 
variation,  andiixed  its  mean  value  at  30'  10"  |;  Mayer,  in  his  celehmted 
tables  of  the  moon,  made  it  3&'  47''.  Laplace  considers  the  method  pur- 
Bued  by  Newton  in  investigating  this  inequality  as  forming  one  of  the  most 
rcmurkable  portions  of  the  Priucipia,  and  heiia**  shewn  that,  by  viewing  it 
through  the  medium  of  analysis,  it  conducts  to  the  usual  ditferentiol  eqtiR- 
tiona  of  the  moon's  motion  {.  He  computet!  the  mean  motion  of  the  uiKJes 
with  still  greater  accuracy.  He  obtained  10°  18'  V.^'i  for  the  rcgres- 
eion  in  a  sidereal  year^t  the  a'3itronomical  tables  as  sign  od  19*  til'  ii'y.bO 
as  the  real  value.  The  dilfcrence  was  therefore  le^ss  tban  Tfi^ffth  part  of 
the  whole  motion.  He  obtained  equally  stitisfactory  results  for  the  horary 
motion  of  the  nodea,  and  for  the  variation  of  the  inclination  correspond- 
ing to  different  positions  of  the  moon  and  her  nodes.  He  also  computed 
several  other  inequalities  of  a  more  hidden  nature,  but  contented  himself 
with  merely  announcing  then*  greatest  values  [[.  Among  these  were  in- 
cluded the  annuiil  equation,  which  he  tixed  at  11'  51",  assuming  the 
eccentricity  of  the  eiirth's  orbit  to  be  .016910.  Mayer's  tables  give 
11'  14"  for  the  coefficient  of  this  equation.  He  also  assif»nod  the  values 
of  the  inequalities  in  the  toean  motions  of  the  apogee  and  nodes,  de- 
pending on  the  motion  of  the  earth  in  her  orbit.  The  inequality  of  the 
apogee  was  fixed  by  him  at  1 9'  43"',  and  that  of  the  nodes  at  0'  2-1".  Ac- 
ooimng  to  tlie modern  tables  these  inequalities  are  equal  to  22'  17"  and  0'  f/'; 
they  had  entirely  escaped  the  notice  of  astronomers  until  Newton  derived 
them  fipom  his  theory.  It  was  while  engaged  in  these  profound  researches, 
that  the  infinitesimal  calculus,  the  brilliant  discovery  of  his  earlier  years, 

*   MacUurin't  bfiautifil  ipeculsttion*   on  the  aUrnelioii  vf  clUptio  splioroids  may  be 
cuniulerrd  oa  forming  the  only  exceplioti  Iti  Uii»  remark. 
t   Princrpia,  b.  iii.  proji.  "Jif. 
\   M^fniiuyiw  Q6\c!*iv,  liv.  \vi.  t'Fiajt.  li. 
§  Priiit'ipiu,  liiiot  ]ii.  prop.  3"2. 
II   IbiiU.,  Wok  ill.  jirop.  ^     Scholiunit 
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coiDC  SO  opportunely  to  his  aid,  by  enabling  him  lo  sunt  up  tlie  ertVcU  of 
miDate  force*.  Tarying  evei-y  ini§:Cai)t  iu  intensity  aud  direction.  It  is  true, 
thai  the  iniaiit  powers  of  tMn  noble  calculus  wer*?  yet  compai-ativply  feeble; 
bat  ittill,  vithoiit  its  aid,  the  problems  relating  to  the  pc-rUirbing  actioa 
of  the  heavenly  bodies  would  have  been  utterly  unassailable.  The  success 
with  nhich  Newton  investigated  tlte  Immr  theory  is  astonishing,  when  the 
intii4»icy  of  the  subject  m  considered-  We  may  form  some  idea  of  the 
complicate  cliaraoter  of  the  moon  a  uiolion  from  the  fnct  that  it  is  only 
in  our  own  day  that  all  ber  irregularitiL**  have  Hnally  yielded  to  the  scru- 
tiBies  of  •  most  reBned  analysis  *. 

In  one  remarkable  instance  Newton  failed  to  derive  from  hh  theory  a 
nsolt  i^reeing  with  observation.  Ue  bad  shown,  by  a  method  of  uncotn- 
mon  ingenuity  and  subtlety,  that  a  buiuII  disturbing  force  of  the  saiae 
naittrr  with  that  exerted  by  the  sua  upon  tlio  mtxiu  would  not  sensibly 
alLcr  the  elliptic  form  of  die  disturbed  body's  orbit,  but  would,  ou  the 
vbole,  ca.n^e  the  hue  of  apsids  to  advance  continually  lu  the  direction  iu 
which  the  body  waa  moving  f.  When  he  applied  this  result  to  the  theory 
of  the  moon,  by  calculating  the  mean  motion  of  the  lunar  apogee,  he 
obtained  1"  31'  ^8"  for  the  tuouthly  progression.  The  value,  however, 
asaigaed  hy  observation,  amounted  to  S"  l\  n  tjuantity  nearly  double  the 
resnlt  obtainnd  by  Newton,  We  shall  ba\o  occasion  in  the  next  chapter 
ta  nieiition  the  origin  of  thi^  discordance. 

"Die  same  commanding  powers  of  itive litigation  marked  his  pro- 
^tem  m  he  penetrated  into  still  more  recondite  parts  of  M^  theory.  His 
aolntioD  of  Uie  problem  vt  the  llgure  of  the  earth  is  a  remarkable  in- 
stance of  his  success  in  accomplishing  a  great  result  by  very  small  nieanu. 
Hr  perceived  that  the  iimtiial  graviiaLiou  of  the  particles,  combined  witii 
ibe  effect  of  their  diurnal  rotation.  Mould  occasion  a  Rattening  of  tho  oarlli 
at  the  poles ;  bat  the  question  was  to  ascertain  its  real  fovui,  and  the 
ratio  between  the  equatorial  and  polar  ftsea.  Proceeding  upon  the  sup- 
position that  the  earth  was  originally  in  a  tluid  state^  and  tbut  ita  density 
Has  homo$?eneou9,  he  concluded  that  the  forcea  acting  upon  tho  particles 
irottJd  taii.^e  it  to  asstttne  the  form  of  an  oblate  spheroid.  This  solution 
of  a  dithcult  question  of  hydrostatics  was  nothing  more  than  a  sagacious 
cotijectare  ;  yet,  strange  to  say,  it  was  afterwards  confirmed  by  a  rigorous 
iuvetstigation,  founded  on  the  conditions  of  equilibrium  of  a  homogeneous 
maaa.  In  order  to  determine  the  ratio  of  the  iLxes,  he  conceived  two 
columns  of  the  fluid  hj  extend  from  the  centre  of  tho  earth  to  the  &nt- 
{ai:r: ; — one  to  the  equator,  and  the  other  to  one  of  the  poles.  Since 
the&e  two  columns  were  in  equilibrium,  they  would  press  each  other  with 
equal  intensities,  and  hence  the  ratio  of  tlieir  lengths  would  be  found  by 

juating  their  weights.  Now  the  weight  of  the  equatorial  column  depends 
T  on  the  gravitation  of  the  pjirticles,  and  pju'lly  on  their  centrifugal 
fapce*;  but  as  the  polar  column  is  not  affected  by  the  diurnal  rotation,  its 
veight  will  ttppend  simply  on  the  gravitation  of  the  psinicles.  The  cen- 
trifugal force  of  a  particle  is  very  eaaily  ascertained  by  means  of  ita 
angitlar  morion  and  its  ditilance  from  the  centre,  but  its  gravitation,  result- 
ing from  the  combined  attraction  of  the  surrounding  particles,  can  bo 


I        equal 
kXAfunl 

fapce 


•  We  allu'?**  t*i  the  re«ull  of  M.  Hanseti's recent  T^earches  rehtirc  (o  the  irpegvilarilles  m 
the  mo  '      Wc  (h^ll  endeivour  lo  give  totnc  acruunt  uf  ihii  impurlaNi  discovery 

in  hi  J.  . 

f  I'ru  i-i]Ji-i    lj  juk  j.  i*e.  ix.  prnp.  %\t.  wir.  2. 
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determined  oulj  hj  a  profound  mathemalical  investigatioD.  Newtoii,  by 
a  method  of  great  elegance,  had  prGvloasly  found  the  gi-avitution  of  a 
Ipardcle  within  a  spherical  xtiasB  ;  but  the  result  he  obtained  on  timt  ooca- 
Skon  was  uselesa  in  the  preijent  case,  since  the  qtiettiou  bow  referred  to  a 
Mieroid  and  not  a  sphere.  He  wtta  thus  led  to  consider  a  series  of  p'rcn 
M^ms  relating  to  tlie  attraction  of  spheroids,  all  of  which  he  solved  with 
'gireat  elegance  by  meaud  of  the  atjcient  geometry*.  Applying  these  retails 
tto  tho  inveatigatioQ  in  question,  be  then  found,  by  an  indirect  but  most 
ingenious  process,  that  the  polar  axis  of  the  earth  was  to  the  equatoriul 
axiii  us  230  to  2W  \.  The  ollipticity  of  the  earth  is  conBiderftbly  greater. 
whence  it  may  be  inferred  that  the  density  is  not  homogeneous.  It  is 
remarkable,  however,  that  New  ton 'is  solution  of  the  problem  on  the  sup* 
position  of  homogeneity  is  quite  con'ect;  forwlien  geometers  aubsequently 
Implied  to  it  all  the  resources  of  aualyeia  and  mechanics,  they  were  con- 
ducted to  exactly  the  same  result. 

He  also  shewed  that  the  spheraidal  figure  of  the  earth,  oonihined 
with  its  diurnal  motion,  would  c-ause  the  weights  of  bodiey  at  the  surface 
to  vary  in  different  latitudes :  and  this  result  of  pure  theoiy  explaiitcd 
the  singular  fact  first  noticed  by  Richer,  the  French  astronomer,  who 
found  that  a  clock  regulated  to  mean  time  of  Paria  lost  2'.Ji8"  daily  at 
Cayenne  in  Africa  J. 

Ilia  explanation  of  the  procession  of  the  equinoxes  is  one  of  the 
most  beautiful  illu&ttatious  of  hia  genius.  Coneeiving  a  s&teltite  to 
revolve  round  the  earth  in  tJie  plane  of  the  efiuator,  he  had  already 
found  that  the  oflbct  of  a  diaiturljing  body  exterior  to  it  would  be  to 
cause  the  nodes  of  tlie  satellite  to  regress  on  the  orbit  of  the  disturbing 
body.  Imagining,  then,  a  rin-j  of  such  satellites  to  encomptiss  the  earth, 
tlie  inBtantaneous  effect  produced  on  the  ring  by  the  disturbing  body 
■Would  manifestly  be  similar  to  ihiit  produced  on  any  one  satellite  in  course 
of  a  complete  revolution.  The  nodes  of  the  ring  would  therefore  eon- 
Btantly  regress  on  the  plaaio  of  the  dieturbing  body's  orbit,  and  if  Uie 
ring  actually  adhered  to  the  eiirth  the  noden  would  still  regress,  but  with 
a  much  smaller  velocity,  in  consequence  of  the  enormous  mass  of  the 
earth  participating  in  the  regression  while  the  moving  force  retained  the 
■ame  value.  This  is  precisely  the  real  case  of  nature,  the  f^*qnatoriiii 
matter  forming  the  circumambieul  ring,  and  the  sun  or  moon  representing 
the  diBturbing  Ijody.  Thus,  after  the  lapse  of  nearly  two  thousand  y^an 
since  its  discovery  by  Hipparchua,  the  precession  of  the  equinox  en  was 
fiually  tracecl  to  its  physical  origin,  This  grand  phenomenon  had  in  nil 
ages  appeared  utterly  inexplicable  to  aHtronomers;  even  Kqder,  not  with - 
fttanding  his  unrivalled  aiititudft  in  the  formation  of  hyiKitheiies,  was 
unable  to  account  for  it  by  any  physical  principle.  Newloa  a  explanation 
was  so  natural  that  it  could  not  fail  to  carry  witVi  it  instant  conviction. 
Mr.  Airy  has  well  rejuurked  that)  "  if  at  (his  tinie  we  mij[;ht  presume  to 
select  tho  part  of  the  Priiicipia  which  probably  itstimished  and  delighted 
and  Hatistied  its  readera  more  than  any  other,  we  should  fix.  williout 
hesitation,  on  the  explanation  of  the  precession  of  the  equinoj;e<i.,"  § 
The  Bagacily  which  Newton  displayed  in  the  discovery  of  the  true 


*  PrindpiOf  httok  i,  pnip.  91,  and  book  ji).  prop.  lit. 

f  Ibid.,  Vook  iii.  prop.  19. 

J   Ibid,  Wfik  ill.  prup.  '2<i. 

%  Eqcjtc.  Meirop- aft.  FiguivoftlK  £artb. 
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iiJotioD  of  tlie  eaiili,  can  onW  he  equAlle«i  by  hh 
ig  it  Uie  subject  of  a  mailiematicud  iDvestigation  :  for  the 
of  the  motion  of  a,  rigid  body  arouud  its  ceutre  of  gravity  was  vet 
otideYt«Ioped.     By  ncie&iis  of  seveiul  ingenious  sappositious  he  suc- 
tn  briugitig  tins  prubletn  witlmi  tbe  reach  of  his  geometiy,  and 
tlitf  qimuti Ly  of  prec<^s&ion  due  to  each  of  the  two  disturbing 
*.     Tbe  im[)erfect  gtate  of  mechaniCfU  9C)«nc(^,  combined  Trith  the 
of  the  subject,  happened  indeed  in  tlii^  instance  to  betray  him 
n  niielake  :  but  bis  i»oIuiion  of  thb  great  piiublem  veos  on  tbe  whole 
and  L&place,  who  has  criticaUy  eicamiiiea  it,  has  not  failed  to  point 
its  excellent  merits  f. 
Ilk  inusaiDg  bis  way  througb  these  abetru^  r^earchea,  Newton  seems 
I  h^wB  eompetiaated  by  the  incale  resources  of  hi:i  gentus  for  the  defectiTe 
of  bis  methods.     Tbe  accuracy  of  his  results,  in  many  cases  ia  which 
ocKti^e  of  investigation  was  impracticable,  is  one  of  the  mn«t 
tucta  in  the  annals  of  science.     His  clear  insight  info  the 
lion  of  physical  principles  and   his  fine   UiscriitjiiiMiiug  judf?mt?at, 
iea  which  contributed  so  elTectaally  to  eulianee  the  value  uf  hh  ileheate 
in  Optics,  »p[>ear  to  have  been  equally  favourablt.*  to  hira  while 
iged  m  considering  the  less  tangible  and  hisg  ikmiliar  relations  of  the 
of  the  world.     It  is  this  wonderful  faciUty  of  seizing  tratlj  as  it 
^^tli  a  BJngle  bound,  without  pursuing  the  long  avenue  uf  sequences 
:h  onliaary  iiitjuirers  are  conducted  to  it,  which  has  led  Delambre 
\%a  nsmark  that  tbo  wonLi  of  Fonteuelle,  in  relation  to  Ca&sini,  xnight  ho 
more  apprttpriately  applied  to   tiie   English   philosopher  —  **  Un 
ttaae  ti  subtil  e^t  presque  uu  devin ;  on  diroit  qu  il  pretend  a  la 
d'tm  astrologue."  [ 
It  ia  much  to  be  regretted  that  Newton  should  have  persevered  so 
If  in  exijoundiag  his  tlisooveries  by  the  synthetic  methods  of  tbe 
'  locie&t  geotneters,  for  it  can  hardly  be  doubted  that  he  waA  in  most  cases 
coadaeted  to  them,  by  anslygis.     He  probably  feared  that  the  inSnitesi- 
nil  ealoolos  would  not  be  considered  as  im]iarLing  to  his  researches  that 
'  of  severe  reasoning  by  which  the  synthetic  mode  of  demonstration 
peculiarly  distinguished.     His  apprehensioT!  will  appear  by  no  means 
Dnraiaonable,  when  we  cnnutder  thut  the  analytical  instrument  of  inves- 
[bgiatjcm  was  then  in  its  infmjcy,  and  that  very  fww  persons  were  acquainted 
its  true  priuciplt!!*.     Dy  hta  pmctic*?.  however,  of  ])resentitig  bis  re- 
[■fnnhi  It  ill  a  symhctif  form,  he  deprived  himself  of  the  honour  attaehed 
lo  man  J  lm|iortant  dinL-overies  in  auttly^is.  which  his  results  indicate  him 
fto  Imw  been  in  puHsession  of.     Tbe  famous  problem  of  the  solid  of  least 
klfsiBt«nc«  affords  a  »trikin<«  illustration  of  tltia    remark.     In  the  scho- 
Dlo  the  34ih  proposition  of  the  second  book  of  the  Principia.  he  gives 
oonstruction  of  tbi*^  ^^olid,  but  does  not  accompany  it  with  any  demon- 
This  is  tbe  first  nf  n  pet^uUar  L-k.ss  of  problems  that  was  ever 
^^^      and  it  ia  clejir,from  Newlon'a  conainiftion,  that  he  must  have  been 
•dlfiaiuted  with  those  [irlneiples  of  the  infinitesimal  aiialysi^  which  form 
the  liuisis  of  the  Calcidus  of  Variations §. 

I  Bool  m,  Tittrtj;  39.  f  Mfc,  C^L,  liv.  xEv.  eli»p.  J. 

liMoire  de  rAstnnioaiie  MotkniCj  tome  n,  p.  7^,  and  ^liiicire  au  Dlxhuitiemc 
,  p.  63(1, 

l»  quite  cOQceirtble,  when  we  contider  Newton's  powert  of  (renenlkstioti,  tbnl,  if 
devoted  much  iitlentba  to  problems  of  tliU  nature,  he  Ditg^ht  have  Ifeco  conducted 
to  iim  Calonliu  of  Varuuioiu.  We  have  no  rcutin  hawcver  tu conclude,  itam  hk  sotuttou 
ti  l&e  problem  cited  in  iLe  text,  that  be  waa  in  potHHtoD  of  the  general  mvLbod  of  Liignuigo 


htstout  of  nctsiGAL  astronosjt. 

TIlis  iHustrions  pliiloaophev,  viho  c&ntributetl  more  tliaii  any  otlier  mortal 
ever  did  towards  enlargiiig  tlie  doniaiu  of  hunmn  knowledge,  appettrs  to 
btive  been  quite  uncotist-ious  of  any  ditfereuce  betweeu  bimself  aud  or- 
diTiarr  inquirers  of  nature.  Alluding  to  bia  discoveries  in  a  letter  to  Dr. 
Bentley.  he  says,  "  If  1  have  done  the  public  any  seiTice  tbia  way.  it  is 
d«e  to  notliiiig  but  industry  aud  patient  thought."  In  fact,  it  wns  only 
by  the  most  strenuous  contention  of  roiud,  and  the  sternest  aubjection  of 
the  will,  that  even  Newton  was  enabled  to  penetmte  into  tlie  more  recoudite 
piirt-i  of  the  Bystem  of  the  world.  One  of  bis  biograpliera  baa  remarked  * 
that,  during  the  two  ycfti-s  lie  was  engaged  in  prepariujj  the  Principia,  be 
lived  only  to  calculate  aiid  think.  Oftentimes  lost  in  the  contempltttiou  of 
those  grand  objecta  to  ^vhil;h  it  relates,  iie  acted  unconsciously,  his  thoughts 
appearing  to  lake  no  cognizance  of  the  ordinary  concerns  of  life.  Fre- 
quently, when  rising  in  the  moniing,  he  would  be  arrested  by  some  new 
conL-eptioii.  and  would  remain  for  hours  seated  on  his  bedside  in  a  state  of 
complete  absti'actiuu.  He  would  even  have  neglected  to  tak€s  sufficient 
nomiahmeut  if  be  had  not  been  reminded  by  others  of  the  time  of  hiii 
meals.  Speaking  of  the  mode  by  which  he  arrived  at  bis  discoveries,  he 
said,  "  I  keep  the  subject  constantly  before  nie,  and  wait  till  the  first 
dawniugs  open  slowly  by  little  and  little  into  a  full  and  clear  light."  On 
ttiiothei"  owaejon,  when  some  of  hb  friends  were  complimenting  him  on 
the  great  reaulta  he  had  aebieved,  he  replied :  "  1  know  uot  what  the 
world  will  think  of  my  labours,  but  to  mjaelif  it  seems  to  me  that  I  hate 
been  hut  aa  a  child  playing  on  the  sea*shnre;  now  finding  some  pebble 
nilhc  r  more  polijihed,  and  now  some  shell  rather  more  agreeably  variegated 
ilinn  another,  while  the  immense  ocean  of  truth  extended  itself  unexplored 
l>eforc  me."  What  a  lesrfou  of  humility  ia  here  conveyed  to  those  ex- 
plorers of  nature"!  who  cannot  congratulate  themselves  on  the  discovery 
even  of  such  ijhells  and  pebbleii  us  those  which  adorn  tlie  cabinet  of  tlie 
Principia. 

Newton  died  on  the  JlOth  March,  1727,  at  the  advanced  age  of 
eighty-live  years.  Unlike  some  of  his  illustrious  predecessors,  he  con- 
tinued throughout  bis  long  careiir  to  receive  the  honours  due  to  his 
evolted  geusns,  atid  his  death  was  deplored  as  a  national  Oidamiiy.  His 
lon^t^l  obsequies  were  performed  with  the  ceremonies  usually  eonlined 
to  persons  of  royal  birth.  His  body  lay  in  state  in  the  Jerusalem 
Chamber,  and  was  subsequently  interred  in  Westminster  Abbey,  his  pall 
having  been  borne  by  si.v  peers.  A  uioniiment  was  i-rected  over  liis  re- 
Tiiiuns,  the  inscription  upon  which  concludes  with  the  following  suitable 
words :  "  Sibi  giutulenlur  mdrluloa,  tale  tantumque  extitisse  humani 
generis  decus."t 


fur  ihispurpoue.  any  moro  than  we  sIiouLcl  be  warratiled  in  inferring  frDrn  FcroiatVlheonr 
iif  niujuma  anJ  Minima,  or  B.*i!Tow'ii  Method  of  Tangonts,  thai  eitUer  of  these  mnthuma- 
tic'isMii  hnddiK-ovcied  the  Dliri-rciaial  Ciil(.'utu>.  Tlie  prcibabtlilj'  i»,  that  in  thU,a»  in  many 
other  iListancea,  No\«ton  M>lved  (he  prfjlflom  merciv  en  paxKanf,  attend i tig  Icj^a  to  ihemcatis 
tlitiii  the  ifxni  to  1m?  otjlaiTicd  by  them- 

•   lltot.   Biftgrftphie  Uitivenselli'.  — S<jcalM>  Life  of  Newloti,  L.U,K, 
f  Let  cnortoLs  congiixtulalfi  ilienoselvcs  Ihtt  lo  great  atii  ornament  of  the  human  nee  bu 
existed. 
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DmimitVDcet  which  impeded  the  curly  progrea  of  the  Newioniaii  Theory.— lli  reception 
ifl  EnglaiuL  —  Rectptkm  ontbo  Conlin^tiL — Huirg^en«,  Ldhnitz. — Researrhetin  Ana- 
lym  and  MechnnicaH — Their  influence  on  Physk-al  Asfroiioiuy — Plroblem  of  Three 
PoiKcih — Molloii  tfftlie  Lunv  Apogee.^CJwfaut— Luitur  Tabla.— Mayer. 

'XonrrmsTAXDisa  the  multitude  of  stjlilimo  di^scoveries  hy  which  tlic 
tbeoty  of  gravitation  was  iiinst  atinotmc^d  to  the  world,  no  ntt^inpt  was 
■Bade  tu  derelope  the  views  of  its  Lmtuorta)  founder,  during  the  fir^t  half 
Ujai  elapsed  after  the  poblicatioti  of  the  PrmcJpia,  The  sedactive 
tiutm  of  D*»ftcartes  Jiad  already  taken  a  firm  hold  of  men  a  minds, 
been  jutroduced  as  a  branch  of  ^ientilic  study  litto  tho  prinoipuJ 
iTersities  of  Eorope,  InJejiendently  of  tiiia  cijrtiimstanc*?,  the  profound 
intricate  reasoning,  which  Newton  wan  compelled  to  adopt  in  the 
ipia,  formed  a  serious  impediment  to  the  early  dissemination  of  his 
ines.  As  the  questions  considered  in  thnt  immortal  work  were  ge- 
ily  of  the  kind  which  renuired  the  nid  of  the  higher  geometry  for  their 
lete  investigation,  only  a  very  small  number  of  mathemuttctans  were 
dified  to  appreciate  the  evidence  upon  which  the  conclusions  of  the  au- 
lior  were  founded.  The  methods  also  which  he  employed  in  expounding 
\m  discoveries  were  almost  wholly  the  creation  of  his  oun  genius,  nnd  it 
Its  necessary  to  study  them  with  deep  attention  in  order  to  become  fa.- 
niiMr  with  their  real  cbaractor.  Hence  it  is  eany  to  u?iderstand  why  tho 
Mrere  doctrines  of  the  Priocipia  continued  long  to  be  nei^dectt'd.  while 
the  more  accomTnodAlmg  prineipleta  of  the  Cartesjian  iheoiy  met  with 
BniTeiB&l  faTour. 

Tke  CDtnitry  which  gave  birth  to  Newton  may  in  some  degree  be  eon- 
sidemd  an  exception  to  thc^e  remarks.  The  Principia,  upon  its  lirst  ap- 
j,  WHS  read  with  admiration  by  the  most  emiuent  malhemaiiciinia 
dflj;  and  the  sublime  truths  announced  in  it  were  enthusiastically 
by  the  more  iutelligent  classes  of  the  community.  The  uni- 
shy  of  St.  Andrews,  in  Scotland,  hns  the  honour  of  being  the  first  Aca- 
Institution  which  admitted  the  Newtonian  theory  as  a  Bubject  of 
In  1G90,  Jnmes  Gregory,  the  celebrated  mflthematieian  who  was 
professor  of  philosophy  in  that  university,  published  a  thesis  ccm* 
tiising  twenty-five  positions,  twenty-two  of  which  nre  eaid  to  have  formed  a 
eompendinm  of  the  Principia.  The  same  principles  were  introduced  into 
the  university  of  Cambridge  under  the  auspices  of  Dr,  Samuel  Clarke, 
the  personal  friend  of  Newton.  Whiaton  first  ej:pounded  them  from  ihe 
chair,  in  the  year  1G99,  They  were  also  taught  at  Oxford  by  Keil,  as 
rlyaa  the  year  1704. 

On  the  continent,  all  the  great  mathematiciana  were  unanimous   in 
hostility  to  the  Newtonian  theory.     Huygens,  although  he  generally 
of  Newton  in  terras  of  profound  admiration,  wag  so  strongly  im- 
with  bis  own  peculiar  notions  of  gmvity,  that  ho  failed  to  apprc* 
ie  force  of  Uie  reiLSoning  by  which  the  doctrines  of  his  contemporary' 
supported.     lie  admitted  the  mutual  gravitation  of  the  planets  and 
"ites  according  to  the  law  of  the  inverse  square  of  the  distance ;  Int 
lie  amid  not  bo  pei^uft Jed  to  extend  the  same  principle  to  tho  material 
oidcules  of  which  tho  several  bodies  are  composed.     He  had  adoptetl 
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Descartes'  notion  of  a  vorbex,  to  eiqildn  the  descent  of  bodies  at  the 
earth's  surfai!e ;  but  in  order  to  account  for  their  invariable  tendency  to 
the  centre  of  the  earth,  and  not  to  the  axis,  he  supposed  the  ethereal  me- 
diam  composing  the  vorte:^  to  circukte  round  the  earth  in  all  dlri^ctions. 
In  accordaucie  with  these  views,  he  considered  the  force  of  gi-avily  to  b« 
ei^iially  inten!^  at  all  eqoul  diataoce^  from  the  centre  of  the  earth ;  and  his 
iuvdsti^tioa  of  the  figure  of  the  latter  was  fuuuded  simply  ou  the  t^tatical 
relation  coDnecting  the  absolute  value  of  gravity  with  the  centni'ugal  force 
generated  hy  the  diurnal  motion.  Alluding  in  one  of  hig  ^orks  to  New- 
ton s  researches  relative  to  the  figure  of  the  eartli,  he  says  that  they  are 
based  upon  a  principle  whit'h  appears  to  him  inadmissihle.  inasmuch  aa  it 
supposes  that  all  the  particles  of  matter  attract  e»ich  other ;  but  this  he 
contends  to  be  an  unfounded  itssumptiou,  uhich  cannot  be  reconciled  trith 
the  eatablished  tans  of  mechanics.  On  another  oocafiion  hii»  language, 
though  more  cautioua,  is  decidedly  hostile  to  ihe  doctrines  of  the  Kngliqh 
philosopher.  "Newton,"  say  a  he,  "  believes  that  the  apace  between  the 
oeleatial  bodies  is  void;  or  at  least  that  the  Huid  pervading  it  19  so  rare 
as  not  to  afl'ect  the  motions  of  the  planets;  but.  if  tiiis  were  true,  my  ex* 
planation  of  light  and  gravity  would  be  entirely  overthrown."  It  is  inte- 
resting  to  remark  the  sound  views  by  which  this  distinguished  pliiloisapher 
was  guided  when  his  mind  was  not  wholly  under  the  influence  of  hia  own 
favourite  notions.  In  course  of  some  allusions  to  the  Cartesian  theory, 
he  thus  expresses  hia  deliberate  opinion  respecdng  the  merits  of  that  cele- 
brated fiction.  "The  entii'o  system  of  Descartes,  concerning  comets, 
planeta,  and  the  origin  of  the  world,  rests  nixiu  so  weak  a  foundation,  that 
I  wonder  how  tlie  author  of  it  took  the  trouble  of  arranging  so  many  re- 
veries. We  should  have  achieved  a  great  step  if  we  succeeded  in  forming 
a  clear  idea  of  what  really  exists  in  nature,  but  we  are  atill  veiy  Ikr  from 
having  attained  that  end."* 

Leibnitz  and  John  llemouilU  were  equally  conspicuous  in  their  opposi^ 
lion  to  the  Newtonian  theory.  In  IbBO  Leibnitz  published  a  physical 
diasertatiou  in  the  Leipsic  acts,  iu  which  he  expliined  the  motions  of  the 
planets  by  means  of  an  ethoroal  fluid,  somewliut  after  the  manner  of  Des- 
cartes, By  the  aid  of  t^everal  arbitraty  assumptions,  he  succeeded  in  ihew- 
iug  the  possibility  of  an  elliptic  nioiion  in  a  vortux,  imd  hence  deduced  the 
law  of  til e  inverse  square  of  the  diiitanoe;  hut  Jl  is  remarkable  that,  ah 
though  he  was  indebted  to  Newton  far  the  suggeslion  of  tliis  law,  he  mej-ely 
incidentally  mentions  the  name  of  the  Kngliah  pbilosnpher  iu  comiexion 
with  it;  and  appears  to  he  totally  ignomnt  of  the  Pmicipia,  although  two 
years  had  passed  since  it  wa^  published,  "  I  see."  says  he  "  that  this  law 
oaa  been  already  deduced  by  the  celebrated  geometer,  lAomi  Newton,  as 
flppcare  from  an  account  of  it  given  in  the  l^ipsic  acts,  but  I  am  uuao- 
quainied  with  the  mode  by  whioh  li©  arrived  at  it." 

In  Fraur:e,  the  Cartpsian  philosophy,  fis  muy  naturally  be  supposed, 
for  a  long  time  even  more  popular  tlmn  iu  any  other  country.  Cn 
and  Maraldi,  persisted  till  tlieir  deaths  in  rejecting  the  theory  of  gmvfi 
tiuj) ;  and  their  example  wjis  generally  followed  by  contemporary  astro< 
noinortj.  The  earliest  historical  recognition  of  Newton's  principlei)  in 
France,  is  foutaJntd  in  a  memoir  by  Louville,  which  appeared  iu  the  voc 
luiue  of  the  Academy  of  Sciences  for  the  year  17^0.     The  motion  of  a 
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Mj  in  an  elliptic  orbit  is  there  explained  br  means  of  two  forces — tlie 
on*  •  inamfntary  impulse  directed  Along  the  tati^'ent ;  th^s  other  a  con- 
tinuoM  fatoo  teivling  tawnrda)  ihe  iocus  of  tlie  ellipiie.  MaupertiuK  tras 
lbs  finrt  •ttrotiomef  af  Fmiic-»5  wbo  undertook  a  critifd  defence  of  iho 
tbeorj  of  gnritaiiou.  In  kis  treaiHe  on  line  figures  of  ilie  celeiitial  bodies, 
vbkk  SfipeaTed  in  ilie  year  IT 32,  ho  compared  tugetlior  the  theories  of 
DeMUtot  ftJid  Newton,  and  cotidudod  by  expressing  a  Btrong  opinion  iti 
ibnnrof  that  of  the  kiter  philosopher  Th@  person,  Jboweror.  who  coo- 
tlifaafed  most  to  tho  general  dhfusiou  of  iho  doctnnes  dl  gravitation  iu 
Kgmim^  tra*  uoquesitionablj  Voltaire.  In  IT^A  that  celebrated  writer 
lalfiabed  s  brief  but  veij  luminous  exposition  of  Newton's  mut^i  importr 
at  disCQVBries  in  optics  and  aftronomj.  Being  irntton  in  a  popular 
4fl«,  tikii  hllle  work  &oou  found  its  way  iiiio  nil  ranks  of  socioty :  and 
fma  tbe  time  of  its  tirst  appearance  we  may  dato  tbo  triumph  of  New- 
10B%  principles  over  those  of  his  once  redoubtable  rival. 

Ahhougfa  Physical  Astronomy  may  be  considered  m  altuogt  gtnliotiary 
dori&g  the  period  we  luve  been  considering,  thera  were  cau^s  in  i^iknt 
Ofiemjon  urbich  contributed  |K)werfully  to  its  future  developemcut.  Since 
tho  linie  of  its  invention,  by  Newton  and  Leibnitj?,  the  inlinitosinuU  ana- 
hreia  ronlinaed  to  be  ftssiduously  cultivated  hy  the  most  eminent  nintliemati- 
ntjas  of  Europe,  and  was  mpidly  advancing  tci  a  high  state  of  perfection. 
Without  the  aid  of  tlii&  powerful  iustmment  of  reeeamh,  it  would  have  been 
JiBpeaBble  to  detormLne  with  precision  the  minute  irrcj^nilarities  which 
like  pliee  in  the  motions  of  the  planeti^  in  virtue  of  their  mutual  attrac- 
tiaia.  HdfrtODr  in  his  investigations,  had  appliud  the  ancient  geometry 
villi  flittOet  Boperhuman  address ;  bat  he  appcorcd  to  have  utterly  ex- 
buisted  itfi  resources,  and  no  other  course  reraaiitid  for  his  {^ueee^sora 
Ifaa  to  deviw  other  methods  of  greater  fertility  and  more  easy  appKcn- 
tisn*  L.«ibnitZt  and  tho  two  Bemouillis,  by  mean<)  of  their  brilliant  re- 
imicki*  in  the  new  calculas,  were  uncouscioualy  proniotiug  this  desirable 
mi,  Tbeae  eminent  analysts  liltle  ituagined,  while  sneering  at  the 
ThitlJ  of  gniTitalion.  tlwt  their  own  lukmrs  were  destined  to  become 
•obMrrienl  in  reconciling  its  most  minute  consequtinces  with  the  obsorvod 
SKidMM  of  the  celestial  bodies,  and  thereby  in  placing  it  for  ever  bejond 
the  reach  of  cuvil.  The  rescarfhes  in  muchanicts,  which  engaged  the  al- 
le&tion  of  geometers  during  this  f»erio(l,  a}»o  exercised  a  favoumblc  in- 
fluence in  preparing  men's  minds  for  the  consideration  of  the  great  ques- 
tiom  relating  to  the  system  of  the  world.  This  branch  of  science  ap- 
iKftfed  U>  offer  an  nulimited  field  of  original  speculation,  until  D'Alem- 
ben*,  iw  1740.  dificovered  &.  general  principle  by  means  of  which  evety 
qaestion  of  motion  wa.s  imrnediately  reducible  to  a  ooiTcapoftding  one  of 
eqaalikrinm.  The  ststical  equations  being  easily  foimed,  the  diMculties 
iiittiWifliitg  ftll  &uch  researches  henceforth  ossrumed  a  pur<;>ly  nrjulyticnl  cha- 
It  is  not  improbuble  that  this  important  general  station  luul  the  of- 
directing  the  attention  of  geometers  to  physical  astronomy,  which 
Bsented  the  most  inviting  tield  of  study. 

i  which  attended  Newton's  efforts  to  explain  the  phenomena  of 

I  of  the  world,  by  the  principle  of  universal  graviUitioti,  was  well 

to  encourage  his  followers   to  engHge  in  similar  rescai'chcH. 

only  did  he  ^ve  a  complete  theoiy  of  tne  motion  of  two  bodies 

rolring  under  the  iiiflueDce  of  their  mutual  attraction,  hut,  with  uu- 

■  Bom  at  Parii^  1717;  died  ia  178tk 
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rivalled  sagacity,  ho  also  traced  the  various  disturbing  effects  produced  by 
^is  action  of  a  third  body  upon  either  of  tbem,  aud  even  actually  com- 
puted several  of  the  more  important  inequalities  in  tbe  moou's  motion. 
He  did  not  attempt  to  investigate  tbe  effects  of  the  mutual  attraction  of 
the  planets,  but  he  clearly  perceived  that  the  elliptic  motion  of  each 
would  in  cunsequeui-e  bo  more  or  less  deranged  ;  aud  he  especially  re- 
iiLarkcd  that  the  action  of  Jupiter  on  Saturn,  Tvhcn  these  two  plauets 
were  in  coujutictiou,  attained  such  a  magnitude  that  it  could  uot  he  over- 
looked +.  Ill  one  important  instance  Nevvton  aigually  failed  in  recon- 
ciling his  theory  ivith  observation.  We  allude  to  his  attempt  to  deter- 
mine the  motion  of  the  lunar  apogee,  on  which  occastou  he  nbtained  a 
result  equal  only  to  half  the  quantity  which  observation  assigned.  This 
diiscordartce  was  naturally  considered  as  offering  a  serious  objection  to  tb« 
Newtonian  theory ;  for  the  cveetJon,  which  i.'*  tlie  largest  iuetjuality  in  the 
moon's  longitude,  after  the  elliptic  inequality,  deponds,  to  a  certain  extent, 
on  the  motion  of  the  apogee,  and  therefore  it  still  remained  inasplii^bld 
by  the  principle  of  gravitation. 

Euler  aj)pearsi  to  have  been  the  first  geometer  who  attemptotl  the 
developement  of  physical  astronomy  bojoud  the  point  at  whifli  the  founder 
of  it  Imd  left  it.  In  17-li>  he  investigated  the  pertm'bations  of  the  moon, 
and  hi  the  following  year  he  constructed  new  lunar  tjihles  ha&ed  upon  his 
reaearcbea ;  but,  as  he  employed  few  observations  in  determining  the 
maximum  values  of  the  inequalities,  his  tables  did  not  present  a  marked 
superiority  over  those  in  actual  use.  About  the  same  linjo  Cbiirantf  aud 
D'Alembert,  two  of  the  fiiiit  geometers  of  France,  undertook  the  iuvesli- 
gation  of  the  lunar  perturbations  without  any  knowledge  of  each  other's 
intentions. 

Tbe  Academy  of  Sciences  of  Paris  having  offered  their  pme  of  174B, 
for  an  inve.'^isgatlon  of  the  irregidarities  of  .Jupiter  and  Saturn,  Euler  I 
composed  a  memoir  on  the  suhjtfct,  which  bo  ti'Jiuiinitted  to  tlie  Arademy 
in  the  montli  of  July,  17'17.  The  two  geometers  above  mentioned, 
naturally  imagining  tJmt  their  eminent  contemporary  might  anticipate 
them  in  their  researches,  took  the  precaution  of  communicating  thei'^^iUtof 
their  Inbom-^  tu  iho  Academy  before  the  time  appointed  for  the  award  of 
ilw  prize.  Clairaut  lodged  Ids  tnemoir  in  the  hands  of  tJit^  Stcretary  on 
the  9th  of  November,  1747,  and  D'Alembert  on  the  15th  of  the  aame 
month.  In  all  the  threo  memoirs,  the  perturbing  action  of  the  celeatiftl 
bodies  wjls  investigated  hy  an  analytical  process.  Clairaut  mentiona  that 
he  tirst  endeavoured  to  calculate  tlie  lunar  incqualitea  after  the  manner  of 
Newton  ;  but,  having  been  soon  stopjjed  by  insuperable  diOlscultiea,  h© 
decided  upon  having  recoui-se  to  analysis  alone  in  till  Ins  researches. 

The  subject,  even  when  so  treated,  ia  one  of  astonishing  intricacy ;  but, 


*  NcwtoEi  rotnorkcd  that  nhcD  Juptler  and  SnUim  htb  in  cotij unction,  the  acLirm  of 
Jiipiiter  upon  Saturn  in  to  the  action  of  ihe  suti  ufHjR  (he  s-inie  plaiiet.  a^  I  to  21 1  s 
"  wlience,"  sap  he,  "  tlierc  »mes,  in  CHch  (.•oii|unct)(in  wtlli  Jupitt-r,  o  demiigcment  of 
Snturti'D  *irbiu  which  it  *o  fensible,  ax  to  be  the  cauw  nf  CRibnrr.iF5nicnt  t«  a-'troiiomors." 
Print'ip. ,  h.  iii,  prop  13,  Enk-r,  howrrer,  discoven?t|  by  annlysi^  tlint  the  t'frtrLHpondifnf 
dflran$^mci>t  of  Jypiter  if  nbnut  six  limps  grcate;-,  alihnup;li  the  3<'liaii  of  Saturn  Ufwn 
that  planet  is  to  the  action  of  tlic  aun  only  ns  1  to  5ilO.  "  Tlth  remark  of  Kider's,"  a*yt 
Liplacp*  "  *hosv«  iii  (hat  we  ought  not  to  ndtjpt,  but  whJi  cx^irnae  re^errtf,  ihe  mciBt 
plaiuibic  appetnincc^  so  long  m  they  arc  ntjt  vcrifit'd  bv  deci^vti  prcmEi."  Mbc.  Cil., 
tame  v.  p.  302. 

t  Bom  at  Parif,  1713;  died,  I7tw, 

t  Born  at  Basle,  1707;  died  at  St.  Pcteis^Uitr^,  ilBS. 
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i\y,  the  planetary  sjrBtem  is  so  coDstituted  iw  to  favotir  th«  re- 
of  the  uiBt}ipm»tidttn.  The  problem  of  a  jilftu^t'^  mntion,  ^vhco 
idered  in  iu  most  general  seuse.  requires  that  we  shuutJ  iiir]ude  in 
commoD  investigation  the  attrwciive  farces  exerted  upou  ilie  planel  by 
the  v&rioos  bodies  composing  the  solar  eysteta.  The  sun,  however.  exer> 
m»  such  B,  prepondemting  hiiluence,  on  account  of  hia  enormoua  mass, 
tbit  we  DMj  regard  e&chof  the  pkueta  as  revolving  round  him  in  aii  orbit, 
appnttching  vejy  closely  to  an  ellipr^e ;  while  the  other  planets  maj  ho 
eoosiiered  a^i  so  many  perturbing  bodies,  producing  continual  irreguUrilies 
in  tbe  ellipdc  motion.  These  p^^rturbations  being  very  minute,  the  actioD 
of  eacb  ptanet  may  be  inveaiiguted  in  sucoL'ssion,  i^ithuut  taking  inlo 
■cBOMiit  die  simultaneous  aoHou  of  the  others ;  and  the  af*gi'egBte  of  the 
Ksiilta  so  obtained,  tvhen  applied  to  the  ollipiic  motion,  wiil  deicrmrue  the 
bM  plaoe  of  tbe  planet  iu  its  orbit.  The  whole  question  is,  therefore, 
ndioeed  to  tbe  investigalion  of  the  motion  of  one  body  revolving  round 
•BMiiert  And  continually  disturbed  by  the  attraction  of  a  tliird  body. 
Ttns  origiii&ted  ihe  famous  Problem  of  Tbree  Bodies,  vrhiih  haa  formed 
titt  bttis  of  BO  much  profound  research  in  physical  astronomy,  llie 
mg^nmB  eolutioii  of  this  problem  has  been  found  to  suqiasA  the  powers  of 
1^  ondtfistanding,  uotmihstandiDg  the  msny  improvenieDts  which  have 
bMt  iaffiM^ted  In  tbe  infinitesimal  at]a1)sis ;  but  the  same  eonsiderations, 
lAicti  limit  tbe  investigation  to  the  mutual  atlraclion  of  three  bodies, 
Wttdurt  also  to  other  important  simplifituaionR.  The  masses  of  the 
|lMWtt  being  iu  fiict  very  small,  compued  with  the  sun's  mass,  and  the 
ectentricitiea  a^  well  a^  the  inclinatiouH  of  tlie  planptary  orbits  being  also 
trry  iiieoQsiderEble,  a  number  of  terms  involving  these  elements  in  the 
^tnafal  solution  of  tbe  problem  become,  iu  consequence,  so  gmall  as  to 
■dBiat  c»f  being  rejected ;  and  the  geometer  is  tJicreby  enabled  to  bring  the 
tabjeet.  williin  the  reach  of  hi8  analy^sis.  Notwithstanding  these  obvious 
adfanlagies,  the  utmost  resources  of  a  profound  calculus,  combined  Tvith 
Ae  taost  consimcimate  troaiytical  skitl,  are  indiispenBably  required,  iu  order 
l«  edbet  ft  flolutiou  of  thiis  difficult  problem  ;  and  even  theu  tbe  object  can 
lalf  be  attained  by  a  process  of  succeBsira  approximatiou.  In  tbe  lunar 
ibtorft  tbe  prindpal  disturbing  body  is  the  sun  ;  for  the  planets  are  either 
loo  IOmII  or  too  remote  to  exercise  much  influence.  It  might  naturally 
WBOpmed  that  the  sun,  on  account  of  his  enormous  mass,  would  veiy 
kIi  deiWDge  the  moonV  motion  ;  but  in  reality  the  a^ect  of  bis  attractive 
greatly  diminished  by  tbe  immense  distance  at  which  he  is  placed 
~  with  the  earth,  which  is  Ju  this  case  the  coutml  body.  Still  tho 
Jities  of  the  moon's  motion  are  much  more  considerable  than  the 
potailMttiofca  which  take  place  in  the  motions  of  the  planets ;  and,  on  this 
■oQOunt,  tbey  were  justly  considered  to  afibrd  the  most  favourable  means 
rf  terttng  the  theory  of  gTavitation.  W©  have  already  alluded  to  tho 
liQura  vmkh  tttieuded  Newton's  attempt  to  determine  the  motion  of  tbe 
ItBtf  ftpogee.  Singular  enough,  when  Clairaut  and  the  other  two 
tn  ahore  mentioned  deduced  the  motion  of  tbe  apogee  from  their 
re  cnalytical  solations  of  the  problem  of  the  lunar  perturbations, 
feutid»  like  Newton,  that  the  rciiult  was  equal  only  to  half  tlie 
abnTred  motion.  This  anunmloui^  fuct  eTtciied  gi'ent  aurprisu  in  tbe 
EOMltific  world,  and  Diany  persons  bogiiu  tu  entertmn  u  biruiig  Mti-ipirion 
tbit  the  law  of  gravitation,  as  announced  by  Newlon,  was  erroneous. 
Clairaut,  despairing  of  being  able  tij  reconcile  tho  ordinary  law  with  iho 
results  of  obserration,  proposed  tlmt»  instead  of  repreaentiug  tbe  force  by 
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a  term  dep€iiding  oa  the  inverse  sr^uare  of  the  distance,  it  should  be 
exprciised  Ly  two  terms,  one  composed  of  tlie  iiivereo  square,  ftnd  tha 
bthav  of  iho  inyerae  of  tho  fourtli  power  of  the  diatauc«.  Buifuu  addoosd 
meiaphjsical  arguments  against  tbis  law  ;  aud  the  question  contiuued  to 
excite  a  deep  interest  aicoug  raeu  of  science.  At  length  Clairaut  dis^ 
covered  that,  when  the  lunar  perturbatiotis  were  rightly  compiited,  accord- 
ing to  the  Ni^wtonian  law,  the  motion  of  the  apogee,  when  so  computed, 
was  eiaotly  confunnaUe  to  the  observed  mutioii. 

He  found,  in  fact,  hy  repeating  the  approximation  and  taking  into 
account  certain  small  terms  which  he  had  previously  neglected,  that  Iho 
value  obtained  by  him  in  the  iirat  instance  >yua  now  esaetly  doubled, 
D'Alembert  and  Euler,  upon  a  revisal  of  their  laboui-a,  arrived  at  the  eamd 
concluaion  :  and  thua  a  cin:um3tance,  \vhii;h  at  one  time  tbri^atcned  to 
subvert  the  whole  structure  of  the  Newtonian  theoryj  resulted  in  beooming 
one  of  its  ati'ongest  confirumtionu. 

It  itj  right,  alao,  to  mention  that  Thomas  Simpson  arrived  at  the  correct 
moUou  of  the  apogee  before  he  leanied  the  fiuceeflsful  result  of  Ctairaut'e 
lahoui^.  This  eminent  analyst  might  have  done  niui^h  to  sustain  the 
reputation  of  his  country  in  the  researches  of  physsical  astrynomy  if  he  bod 
lived  under  more  auspicious  circumstnnces. 

The  method  of  lunar  distancess,  which  offere  such  advantages  in  finding 
the  longitude  at  sea,  rendered  an  occvn-alo  knowledge  of  the  moon's  motion 
peculiarly  doiirable.  In  1754,  Oluiraut  and  D'Membert  publlabed  lunar 
tallies  based  upon  their  respoctive  theories.  Tlioae  of  Clairaiit  obtained 
consjiderable  cretlit  for  accuracy ;  but  D'Alembert  s  efforts  were  less  for- 
tuuatJ3,  chiefly  in  consequcnco  of  liaving  paid  too  little  attention  to  obaerf' 
ation  in  tlie  evalimtion  of  liiss  coefficients.  In  1755  Euler  publii^hed  bia 
resem'ohea  in  the  lunar  theory,  aocompaniod  \vith  new  tables,  greatly 
superior  in  accuitipy  to  those  of  174G,  In  hia  aiudysia  ho  resolved  the 
forced  acting  upon  the  moon  along  three  rectangular  co-ordinates,  after  iho 
example  of  Muchiuriot  who,  a  few  yeara  previously,  bad  fii^t  employed 
tliLs  method  in  his  elegant  geometrical  investigatioua  connected  with  the 
question  of  tlie  Tide:*.  In  177::^  be  published  a  third  Bet  of  tables,  baijed 
upon  a  mo!*t  elabonite  analysis  of  the  moon's  motion  ;  hut,  not  withstanding 
the  amount  of  thought  expanded  on  them,  they  proved  inferior  in  point  of 
ftDoamcy  to  those  of  Moyer,  chiefly  m  consequence  of  his  having  placed  too 
niuch  reliance  on  theory  in  fi.\ing  the  maximum  >'tdues  of  the  equations. 
Mayer^  to  whom  allusion  hius  been  already  made,  wsa  the  first  per^u  who 
constiiicted  lunar  table**  of  suflicient  accuracy  for  the  great  practicAl  puf' 
pose  of  finding  the  longitude  at  sea.  This  he  did  in  1755,  by  mcaua  of 
Eiiler'a  theory  and  a  skiiful  dibcusaion  of  observations.  These  tables 
were  found  to  oome  within  the  limit  of  accuracy  fixed  by  Uie  Board  of 
I>onMilnde  of  this  C43Unlry  ;  and  a  recompense  of  iSOOO  w»a  in  coasequeiice 
awarded  to  the  widow  of  Mayer,  the  astronomer  liimHelf  havmg  died  som^ 
years  before  this  decision  vios  corae  to.  Urndley,  who  was  appointed  to 
compare  the  tables  with  obsen-aiion,  etates,  in  hia  report  of  tbcra,  that  in 
no  case  did  the  error  exceed  1\'.  They  were  first  printed  in  the  year 
1770. 
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PtrtuHigtieotoftHe  Planrte. — ^to^tudityof  LoD^PenodlnthcMran  Motiotif  of  JnpiierftTid 
9ttan,^Ke»tfarchti  of  Euler. — Perturfcafton*  of  the  Earth. — Claimut, — ferturtmfioni 
ttt  VtBnL-^LAqnit^. — Bi«  Inratigation  of  the  Problem  of  Three  BoJics, ~  Sec^ular 
a*  of  flie  PUneb.' — Luplscc  — Hb  Reaearehts  on  the  Tlieonr  of  Jitpltcr  And 
-tntsrisbilily  of  the  Mem  DittaDce*  of  tl>e  PUuieli.— Ogcillitliont  of  tbe  Eo- 
.  and  IndJsiuioiM. — Slability  of  the  PLanelBr7  Sjileiii. 

:  ]ilanels,  while  revolving  totuid  the  suu.e«ijtinually  tlistiirb  enrh  other 
'tJMar  mntual  ftttrafttion,  and  hence  arise  numerous  inequalitiei*  in  their 
motinas,  similAT  to  those  whieh  take  place  iu  tlie  motion  of  the  moon 
mmi  the  earth.  AUhough  these  disturbJug  forc«<t  form  a  rlo«s  of  rek- 
tioi»  as  complicAte'd  as  ibe  mind  van  perhaps  imagine,  the  fitudy  of  their 
tsaamany  acoountq  pocuiiarl^  aitrai'tivo  t<i  the  thouglilfiil  enquirer. 
(uudRSttflDtal  ideas  arc  clear  and  woll  deflne<i  \  tbo  priticipk's  art? 
jiBlAMish^d,  the  methods  of  research  art  derivahlo  wholly  from 
•flnfOM  of  the  inteUecC,  and  the  subject  is  hoth  VFu$t  in  extent  and 
in  ebsmocter.  The  raagniticent  prizes  wliich  tiie  theory  of  gm- 
rilttiao  ofiers  prospectively  to  the  matbematiciiiD,  as  the  rewards  of 
liB  Itboorst  are  also  ealeulated  to  allura  his  rt'3£>arahes,  tirhiJe  its  ex* 
trnM  iQtneacy  serves  onlj  to  redouble  his  energies,  and  stimaJatc  liis 
iBtoitiTe  powers.  Hence  Phjsical  Astronrrniy  in  cbarueterizod  hj  a 
fpolcitade  </f  conceptions  at  once  iMffenioiis,  mihtle,  and  pnifotind,  wliile  iia 
nvoBtigfttiana  are  pui^iic^d,  th^oll^hout  their  lonp;  and  intricutc  wiudiii^Tj;, 
nth  a  coherence  luid  biianty  uf  mtiM-ijiHtjqn  unequaHed  in  any  oilier 
knurb  of  Natural  PhiloHOphj. 

Apart  frMn  tht^e  more  obviogs  quetitiotis  which  impart  an  interei^t  to 

lihe«t'^  1  Meehamc.3,  oth<?rs  of  tlie  highest  moraont,  with  re- 

fpeet  t  K>{  tlif?  ^yttoni  of  the  world,  avc  alsc  iuvohTd  in  the 

Mil||ea(.     Ikeee  questions  oatuiully  ottered  themselves  to  mathematicians, 

klwa  eatf^ed  in  researches  connected  ^ith  the  actual  tuotions  of   the 

pbaeto,  tt&d  contiuued  for  some  timo  to  form  the  bxibject  of  profound 

Their  complete  solution  will  ever  be  ranked  among  ihe  most 

It  tiitimphs  rwnrded  in  tho  annnla  of  science,  while  it  has  wUcd  an 

ide  loetre  on  the  natoes  of  tliO!;e  eminent  indinduals  by  whose  la- 

,  it  hfta  been  achiered. 

BMS^ea  of  the  planets  lieing  sinnll  compared  with  t}ie  tna^s  of  the 

bodT.  the  demngonients  occa^ioucd  liy  their  mutncLl  nunu:ttion  do 

tn  W3jr  cue  attain  a  magnitude  iMmpamblu  to  that  of  the  lunar  ino- 

|«>lltiM.     Indeed  tiieir  ex^isience  hiia  genemllv  been  estnblisihed  only  by 

aoanipMfit'        '  '      mt  obtiervaljons,  cnndui-ted  willt  nU  the  rethiements  of 

pF^^W^I  a>.  In  mftny  JuHtiinces  theory  bsis  preceiled  obaersation, 

MoA  haa  piiuwd  uut  incqutditieH  which,  0:1  account  of  their  extreme  nd- 

atttaiMs,  might  oibr^n^isc  have  for  ever  pscai>ed  detection.     The  planets 

Jii{dler  and  Sattirn,  s'ourably  placed  tn  the  flynteni  for  the  exer^ 

lioti  of  their  tnataal  ■■  n,  and  their  masses  boing  alno  coui^iderable, 

itnij^t  Iw  *i[>ectcd  timt  the  inpf^iwlilies  of  their  motions  would  be  moi*c 

reulil*  Mfipreciable  thun  thniJiS  of  tljfj  other  planets.     In  fact,  oa  early  as 

i      ■>,  KcpltT  icmarked  tliBt  the  observed  plnces  of  these  planet*  could ^ 

:.v;  iMi  xc«oiiuUd  wiih  the  iL:»ually  admitted  values  of  their  mean  matioi 


The  errors  of  both  plfinels  were  found  to  iiicrense  continurtlly  in  the  eamo 
directiou,  >vith  this  difference,  tliat  the  tables  miide  the  mean  motion  of 
Jupiter  too  sloiv,  and  that  of  SHtuni  too  quick.  Lemoiinier  fuund  that,  by 
adopting  the  mean  motion  of  Sftturii,  as  determined  by  a  comparison  of 
ancieur,  with  modern  observations,  the  planet  had  iullau  behind  its  com- 
puted place  to  the  extent  of  3'  in  1508,  20^'  in  1067,  imd  m\^'  iu  1710. 

Httllej  first  suspected  that  the  anomalous  irregularities  of  the  two  pla- 
nets were  due  to  their  mutual  attinctiow.  He  also  attempted  to  determiDe 
the  magnitude  of  the  inequality  for  each  planet.  He  concluded  from  his 
reaearcliea  that  in  QOOO  years  the  acceleration  of  Jupiter  amounted  lo 
3"  40'^  and  the  retardation  of  Saturn  to  W^  10',  In  his  tables  of  the  pla- 
nets he  represented  the  errors  by  two  secular  equations  increasing  as  the 
tjqnare  of  ibe  time,  the  one  being  additive  to  the  mean  motion  of  Jupiter. 
and  the  otlier  subtrai'tive  frora  the  mean  motion  of  Saturn, 

The  Academy  of  Sciences  of  Paris,  desirous  of  obtaining  an  explana- 
tion of  these  inequulities,  iu  accordance  with  the  theory  of  gnivitaiion,  of- 
fered its  pri^e  of  1748  for  their  complete  inveatigation.  Euler  was  in- 
duced to  compose  a  memoir  on  the  subject,  which  was  crowned  by  the 
Academy ;  but.  although  hta  researches  contain  a  valuable  exposition  of  the 
jinalytical  tlieoiy  of  planetary  pcrtm-bation,  he  was  unable  to  throw  any 
light  on  the  main  object  of  the  inquiry.  He  found  a  series  of  inequalities 
iu  the  mean  motions  of  both  planets,  but  they  were  all  such  ai5  completed 
the  cycles  of  their  values  every  time  that  the  planets  returned  to  the 
same  configurations.  He  concluded,  thyrefore,  that  the  observed  irregula- 
rities mugt  be  attiibuted  to  some  e.vtraneoua  cause,  and  not  to  tlie  mutual 
attraction  of  the  two  planets, 

Euler  in  this  memoir  resolved  the  differential  equation,  relative  to  the 
latitude  of  the  disturbed  planet,  into  two  differential  equations  of  the  first 
order,  one  of  them  expressing  the  differential  of  the  incliuation,  and  the 
other  that  of  the  planet's  distance  from  the  node.  This  may  be  con* 
Bidered  as  the  genu  of  the  £iimoui>  method  of  the  variation  of  arbitrary  con- 
Btanta. 

The  theory  of  Jupiter  and  Satura  offers  some  difficultiea  of  a  peculiar 
kind,  which  did  not  occur  m  the  investigation  of  the  lunar  inequalities. 
The  disturbing  action  of  one  body  upon  aiiother  may  be  expressed  by  a 
eeries  of  terms  involving  (he  mtio  of  the  mean  distances  of  Iwjth  from  tJie 
central  body.  In  the  lunar  theory  this  fraction  is  very  small,  on  account 
of  the  great  distance  of  the  aun,  which  is  the  disturbing  body ;  hence  the 
terras  converge  witli  great  mpidity,  and  an  approximate  value  of  the  se- 
ries is  readily  obtained.  When  the  question,  however,  refers  to  the  mu- 
tual acliou  of  Jupiter  and  Saturn,  the  same  fmction  rises  to  a  considemble 
magnimde,  and  the  terma  of  the  scries  converge  in  consequence  with 
such  exU'enie  elowness,  as  to  render  impracticable  the  usual  method  of 
oomputation.  Kuler'a  genius  was  eminently  conspicuoos  in  devising  tho 
means  of  vanquihlung  this  difficulty,  which  would  effectually  hart;  ob- 
Ktru<:ted  a  niiJid  gifted  with  less  fertile  poft'ers  of  invention. 

The  expbiiiation  of  the  motion  of  the  lunar  apogee  by  Ulairaut  in  1749, 
having  inspired  renewed  confidence  in  the  principle  of  gravitation,  as  ade* 
quate  to  account  for  all  the  phenomena  of  the  planetary  motious.  the 
Academy  of  Sciences  wa^  agtiiu  induced  to  propose  the  tluHjrj-  of  Jupiter  and 
Satmn  as  tho  subject  of  their  prize  for  17&'^.  Euler  was  on  this  occasion 
also  the  successful  competitor,  but  he  now  actually  discovered  secular  cqua* 
tions  in  tlio  mean  motiouiit  of  both  planets,  depending  on  the  angular  dittsbce 


sa  the  aphelia  of  their  orbits.  Contrary  U>  obeervaHon,  liowever,  he 
thai  the  two  equdtiotis  were  equal  in  maguitiide,  and  wore  in  both 
additive  to  the  mean  motion.  He  fixed  the  ineijuality  at  9'  *24"  for 
tbe  fiist  century,  counting  from  1  TOO.  Nothwithatandiug  the  analytical 
ihiJl  vbicfa  this  geometer  displayed  in  his  researches,  he  eigiially  failed  in 
hit  cffiitts  to  •4!count  fur  tlie  irreguhirities  of  the  t^ro  planets  hj  the  New- 
bOOMIi  U^ettTj ;  and  their  physical  origin,  tlierefore,  still  c^ontinued  to  be 
laftlTed  in  pro  found  mystery. 

The  attention  of  geometers  was  now  directed  to  the  perturbatioiis  in 
&e  earth *s  motion  occasioned  by  the  oth^r  planets.  Euler  investigated 
tkis  subject  in  an  elaborate  memoir,  which  was  crowned  by  the  Academy 
of  Scienaes  in  the  year  1756.  It  was  on  this  occasion  that  he  explained 
tad  pftrtinjily  developed  the  theory  of  the  variation  of  arbitrary  constants. 
Itt  considenug  the  motion  of  a  planet  in  an  elliptic  orbit,  there  are  six 
oottstantfi  or  elements,  which  by  their  independent  variations  would  lie* 
tenUj*  modify  the  motion.  These  are — P,  the  major  axis  of  the  orbit,  or 
t|i0  aieKti  distance ;  2"  the  eccentricity ;  3°.  the  poi^ition  of  the  line  of 
utadtm;  4',  the  inclination  of  the  orbit  with  respect  to  a.  fixed  plane;  5'^, 
tbe  position  of  the  line  of  nodes ;  6**,  the  longitude  of  the  planet  at  any 
n^gned  instant,  or  the  longitude  of  the  epoch,  as  it  is  called.  Now  if  the 
^•iidt  were  expo&ed  only  to  the  action  of  the  sun  these  elements  would 
lemain  invariable,  and  the  planet  would  continually  revolve  iu  the  same 
4Ulp9d.  Its  place,  corresponding  to  any  given  time,  might  therefore  he 
HBftiilj  asmpated,  by  means  of  Kepler's  law  of  the  areas,  when  onco  theso 
m  dffments  were  luiown.  Aa,  however,  it  is  coniinually  disturbed  in  its 
motion  by  the  action  of  the  other  planets,  the  theory  of  a  constant  ellipae 
will  no  longer  be  applicable  to  the  question.  Still,  aa  its  aberrations  from 
an  elliptic  orbit  are  very  small,  it3  pSuire  may  be  computed  bj  assuming  it 
to  mof  e  in  a  mean  ellipse,  and  then  ascertaining  tlie  minute  irregultrities 
WOBioodd  bf  the  perturbing  forces.  This  is  the  course  which  geometers 
bid  lutbdtto  pursued  in  aJl  researches  conuected  with  the  problem  of 
three  bodies.  Eoler,  however,  proposed  to  compute  the  motion  wholly  by 
ibe  elliptic  theotj',  upon  the  supposition  that  the  planet  continually  re- 
jrired  in  nn  ellipse,  the  elements  of  which  varied  every  instant  from  the 
"^  "  of  the  other  planets.  By  these  moans  the  whole  effect  of  pertnrba- 
thittwn  upon  the  elements  of  the  orbit,  and  wlten  these  were  as> 
for  any  given  instant,  it  waa  easy  to  calculate  the  corresponding 
of  the  planet  by  the  elliptic  theory  alone.  As  this  refined  concep- 
bas  not  un frequently  been  ascribed  to  Lagrange,  it  may  be  proper  to 
<aS^  £«tk^'t  own  word3  in  reference  to  it.  After  obtaining  the  diiTt^rential 
eizpneeiotts  of  the  elements,  he  then  proceeds  in  the  followiug  terms  to 
point  OQt  their  advantages  ■  "  These  formuJfo  appear  to  be  peculiarly  com- 
iBodiotts  in  eomputtug  the  deviations  of  the  motion  from  Kepler's*  laws* ; 
race  they  have  reference  to  motion  in  an  elUpnie,  which  varies  continually, 
IS  well  in  respect  to  the  parameter  as  to  the  eccentricity  auJ  llic  jjO' 
aition  of  the  apsides.  For,  during  an  indefioitely  small  portion  of  timet 
ihe  wotrnn  of  the  planet  nmy  be  conceived  as  taking  place  in  an  ellipse, 
»"  "  '<j  the  laws  of  Kepler;  and,  if  the  elements  of  this  ellipse  bo 
c  ur  any  given  time,  by  means  of  the  formulte  just  found,  the  true 

plA«^  id  the  planet,  relative  to  an  asaiuned  plane,  may  be  al^  assigned."* 
This  inreatii^tlQn  of  Euler'a,  like  the  two  previouii  ones,  dispkys  abuu- 
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4ilat  proofs  of  the  amazing  fertilitj  of  his  inventiFd  poweFS,  ftnd  hk  grent 
^mxaanA  of  analysis  ;  but  in  regard  to  the  final  results  obtained  hj  him 
he  "WHS  not  equally  fortunate.  Grave  errors  of  calculation  preTented  him, 
on  this  as  well  as  on  several  other  occasions,  from  duly  appreiiiating  tli# 
importance  of  his  own  methods. 

Cliiiraut,  about  the  same  time,  investigated  the  Earth's  perturbatioBs  in 
a  memoir  distinguished  by  great  perspicuity  and  skill  *.  Uy  a  comptmon 
of  Im  theory  ^vith  the  obiieryations  of  Lacaille,  he  tixed  the  lunar  equation 
at  S'^^.T,  This  result  gives  for  the  moon's  mass  ^y  of  the  eartb'i,  a 
quantity  which  diflera  considerably  from  the  value  assigued  to  it  by 
Kcwton^  In  order  to  compute  the  actual  perLurbatiooe  occasioned  by  the 
other  planets,  it  'vvna  necessaiy  to  poseeas  a  kuovviedge  of  their  maiees* 
He  skilfully  determined  the  w.a.&&  of  Veiiu^  by  means  o{  obser?«tioM 
made  on  the  nun  when  the  mooti  was  in  that  part  of  her  orbit  wherein  shA 
produced  no  etfect  oti  the  earth's  motion.  The  moss  of  Jupiter,  the  Ofiilj 
other  planet  that  he  conceived  vcotild  oocasion  a  sensible  derangei: 

the  Earth,  was  easily  derivable  from  the  elongationa  of  his  aatelUtaVf    

hflxl  already  been  determined  by  Newton,  Combining  together  the  pertttl^ 
bations  of  Jupiter,  Venus,  and  ilm  Moon,  he  fomid  that  \vhsn  they  con- 
spired in  tlie  same  direotion  the  error  of  the  £arth  in  loogitiide  might  rise 
Ui  1', 

D'Alembert  also  investigated  the  subject  of  the  planetary  perturbationfi 
in  tho  year  175415  but  his  researches  did  not  add  anything  new  to  th« 
flvbject.  Lttlande  applied  Ckiraut  s  theory  to  the  perturbations  of  Mars, 
by  Jupiter  and  the  Earth,  and  iouud  that  the  derangement  might  rig* 
to  a'.  Mayer,  about  the  some  time,  arrived  at  a  similar  conclusioia  by 
means  of  Eulor's  theory.  Lalemde  also  computed  the  perturbationi  at 
Venus,  and  olitained  15"  for  the  majximum  value :  a  result  vrhieb  "wat 
eonfirmed  by  similar  researches  of  Father  Walmsley  in  England. 

Meanwhile  another  geometer,  gifted  with  powers  of  the  highest  ordMv 
was  about  to  commence  hi^  brilliant  career.  In  the  volume  of  the  Turifi 
Memoimfur  1703,  Lagrange  |;  gave  a  new  solution  of  the  Problem  of  Thrst 
JiotUea,  which  he  appHed  to  the  theory  of  Jupiter  and  8atnrn*  He  ob* 
tfijued  for  Saturn  a  secular  equation  equal  to  \i'\)l-Il,  and  suhtraetiTti 
from  the  mean  motion ;  and  for  Jupiter  a  similiU"  equation  equal  to  Q".tAO, 
and  additive  to  the  mean  motion.  This  result  agreed  better  with  obsemi^ 
tion  than  that  of  Kuler,  who  made  the  equations  both  additive  and  «qaal 
iu  magnitude  ;  but  it  by  no  means  assigned  a  complete  explanation  of  tli4 
irregnUirities  in  the  me»ui  motions  of  the  two  bodies. 

Aucntian  vcm  not^  directed  to  the  secular  inequalities  of  the  plA* 
Atts.  A  compariaon  of  distant  observations  had  ahowtt  that  the  «lliptio 
elements  of  each  planet  were  iiubject  to  a  slow  variation,  whioh  procd«ao(j 
ciintinnally  in  the  same  direction,  and  apparently  to  an  indehniie  extent. 
The«e  variations  have  been  denominated  secular  because  tliey  require  an 
immense  number  of  ages  for  their  complete  developement ;  while,  on  th« 
othmr  hand,  those  that  are  termed  periodic  complete  the  cycle«  of  their 
values  witli  all  similar  configurations  of  the  planets.  It  is  obvious  that 
t^a  ahi  fling  of  the  elements,  however  slow,  would  ultimately  rendw 
(wate-is  the  tables  of  the  planets,  constructed  for  any  given  epQch,  ua)«tt 
due  account  were  constantly  taken  of  the  altered  value  of  each  element. 

•  Mwn.  Acad,  dcs  Sciences,  J754. 
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Tt  id  iodiipeiWftlrle  thcti  to  isfwtigftte  these  Tariations,  and  tn  compute 
ibcif  aUMrkMl  TalucSt  with  tli©  ridw  of  applying  tbem  as  corrections  to 
111  ftnilUftPtal  elements  of  th^  tables.  But,  apart  from  all  consideT* 
tfioBi  omraccted  witli  the  re«[aireineiit«  of  practical  a^jtronomy,  thn  »nidy 
4f  ihe  8ci.*ii1ar  v«Ji«tiottB  is  pregnant  with  the  deepeat  interest  to  tha 
fk^vial  inqmrer;  for  it  i§  manifest  timt  thpir  indefiitite  rootinwuiee  ia 
4t  fMBS  diMction  would  result  in  the  complotc  desfructioD  of  tlte  tU^ 
Mtf  of  the  plAnetai-T  sv>itetii. 

IIm  iilustnous  Euler  led  tbe  way  in  these  sublime  researches.  In  his 
linmh  J  of  1748  and  1752,  he  determined  the  seoutar  variationsi  of  the 
Jtawflts  of  tf upiter  <tnd  S»tum ;  but  fa«  wm  preTeutx^id  by  tbe  intri(»,t« 
nCiBe  of  the  subject,  and  the  imtnense  caleulatianH  whit^h  it  entailed  upon 
yn,  irom  arriving  it  v«ry  nccumta  condustoi]8,  He  found  that  the 
IfbdiA  of  boUi  pltuieta  had  a  progr^saivo  motion,  oa  iri  the  rase  of  the 
Inuur  Apoffe^.  H*  fixed  the  annual  progression  of  Jupiter's  afdielion  at 
t.y  and  that  of  8atuni*ii  at  W. 

But  iii6  fooet  important  «letnent  was  the  mmn  motion.  We  hav« 
il|«ti|tf  meutiou^d  (hat  Euler  found  a  seoular  inequality  in  timt  element, 
cqotl  and  additive  for  lioth  planets,  and  that  LngrAtige  wn$  conduL'tM  to  a 
nrail  wliMili  accorded  botier  with  the  observed  irregularitiea,  hot  atiJI  was 
JMikKjiMTo  to  their  complete  explanation.  It  was  at  this  stage  of  the 
|tonfaffT  n^^earehes  that  Laplaoe*,  for  the  hr^t  time,  appeared  am  the  rival 
«f  I4^f^»g6.  8truok  with  the  discordant  conclusions  to  which  geometers 
bad  been  conducted,  he  resolved  to  institute  a  searching  investigation  into 
liM^  ittliject.  Euler  and  Ljigrange  had  neglected  all  terms  whiob  exceeded 
Am  Mc^oodl  fwwere  of  the  eccentricities  and  inclinations ;  Laplace, 
bniijea  eaiTefuUy  repealing  the  calculotioHS  of  ilieRa  gi^ometers,  carried 
ya  approxiDiation  to  the  terms  irf  the  third  order.  When  ho 
>MM  tn  apply  hift  fdrmuk  to  the  mean  motian  of  Saturn,  ho  \tjt9  stir- 
|rise4  t4  tind  (hat  all  the  terma  atTectiug  that  element  destroyed  each 
«Aer.  H«  obtaiood  a  similar  ref^ult,  wljen,  liy  mean-si  of  the  same  for- 
Sttla,  be  computed  the  effect  of  Saturn's  disturbing  ttciian  upon  the  mean 
iMKiofi  of  Jupiter.  .Tiwtly  euspeoting  that  these  reeulta  had  no  connexion 
aith  (Ik*  particular  values  of  the  oletnenls  of  Jupiter  and  Batum,  he  inveis* 

Jitad  taet  snhject  by  a  geneml  aiiftlysis,  applicnhle  to  any  tvro  planet^! 
ttie  sj^at^m,  and  he  now  ngitin  found  that  the  9um  of  the  term§  aDecting 
#!#  isaan  motion  was  idenitoally  eqiutl  to  zero.  He  remnrked,  that  if  any 
ttth  terraa  were  contiiiued  among  those  involving  the  fourth  or  higher 
pew«M  of  Iho  ecoentricities  fttid  inLdination9,  they  wouJd  he  so  small  that 
lltetf  aiSMtt  would  not  beeoDie  sensible  until  an  immense  number  of  ages 
Wd  alkpseidl.  He  therefore  arrived  at  the  important  conclusion  that, 
ftMB  flbe  tmB  of  the  earliest  a&tronomieat  observations  which  history 
■mrds  dofm  to  the  existing  epoch,  the  mean  motions  of  the  planeta  has 
■oi  bMii  iimmWy  altered  by  their  mutual  attraction,  and  hence  he  inferred 
Itel  tb«  iTTSgulAritieB  of  Jupiter  and  Baturn  must  1>6  attributed  to  Eiomo 
IfctaifvffJg  cause  mdppendent  of  that  principle  f. 

Althnti^h  the  rei^ult  to  which  Laplace  was  conducted  by  his  researches 
was  *l  n  so  far  aa  the  question  relative  to  the  irregiilarities  of 

i^fkir  itni  w.as  concerned,  it  still  remained  uncertain  whether  an 

teeatiality  of  this  kind  might  not  exist  among  the  terma  involving  tho 
hlffUr  |)owor9  of  the  eccentricitiea  aud  inclinations.     Such  on  inequaUty, 
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however  minute,  would  tiltimately  become  considerable  bj  continual  aecu- 
mulatiou,  aud  might  alVoct  the  meiin  motions  and  tho  mean  disUuic&i  of  the 
planeta  X/o  so  great  an  extent  as  to  occasion  the  total  deratigement  of  the 
planetary  syatera.  In  177«  Lngrauge  investigated  this  important  quee- 
tion  *  on  the  suppouition  that  the  planets  move  in  ellipgea  ;  the  elements 
of  which  continually  tary  in  consequence  of  their  mutual  perturbatioiis. 
The  conclusion  at  which  he  arrived  is  one  of  a  very  remarkable  character- 
He  discovered,  by  a  very  simple  analysis,  that  the  mean  distances  ara 
not  subject  to  any  secular  variationa  whatever ;  but  are  merely  affected 
by  a  series  of  inequalities,  which  compensate  themselves  in  short  periods 
depending  on  the  mutual  configuralious  of  the  different  planets.  Thus. 
amid  all  the  chaoses  ihiit  are  incessantly  laldng  place  in  the  other 
elements  of  the  celestial  orbits,  the  conaervatjon  of  the  me^m  distances 
titandfci  out  in  striking  contrast  to  this  law  of  mutation.  The  eccewtrieitiea 
and  inclinations  will  peq>etually  vary  in  magnitude  ;  the  apsides  and  nodes 
Tf'ill  similarly  vary  in  position  ;  but,  throughout  an  indefinite  lapse  of 
ages,  the  mean  motions  of  the  plaiietji  will  remain  unaltered  by  their 
mutual  atti'action.  This  result  offers  to  our  contemplation  a  sublime 
example  of  the  order  which  reigns  among  the  vast  bodies  of  the  universe* 
and  of  the  unerring  character  of  the  laws  by  which  they  are  controlled  iii 
their  courses.  Wlien  viewed  in  relation  to  ita  effects  upon  the  in  variability 
of  the  solar  year,  and  tho  stability  of  the  planetary  eystem,  it  is  juatly 
regarded  as  ono  of  the  most  valuable  truths  iu  the  whole  range  of  physic^ 
science, 

Lagrange  and  Laplace  were  now  zealously  engaged  in  investigating 
generally  the  secular  variations  of  the  planets.  A  knowledge  of  the 
variations  of  all  the  elements  is  indispensable  for  the  purposea  of  prac- 
tical astronomy  ;  but,  in  so  far  as  the  stability  of  the  sy^item  is  concerned, 
it  is  manifest  that  the  variations  of  the  apsides  and  nodes  cannot  produce  any 
effect.  In  the  researches  of  physical  astronomy  the  eccentricities  and  the 
apsides  are  generally  considered  together  by  a  common  analysis,  and  the 
same  remark  holds  good  in  regard  to  the  nodes  and  inclinatious.  In 
1774  Lagrange  investigated  the  secular  variations  of  the  nodes  and 
inclinations  of  the  planets  in  an  elaborate  memoir,  which  appeared  in  the 
\olnme  of  the  Academy  of  Sciences  for  the  same  year.  Having  obtained 
the  differential  expressions  of  these  elements,  he  computed  their  annual 
variations  by  assuming  each  element  to  vary  at  a  uniform  rate  during  a 
limited  numbLir  of  years.  This  supposition  is  rendered  allowable  by  the 
excessive  slowness  with  which  the  eleraenta  vary,  and  the  method  of 
computation  founded  on  it  ia  sufficient  for  all  purposes  connected  irith  the 
actual  state  of  astronomy.  But  in  order  to  ascertain  the  real  nature  of 
these  variation^],  so  as  to  be  enabled  to  predict  the  condition  of  the  ele- 
meota  throughout  tin  indefinite  number  of  ages,  it  is  absolutely  neeessikty 
to  integrate  the  diiferential  equations  relative  to  them.  These  appeared  at 
first  to  offer  insuperable  dithculties  ;  but  Lagrange,  by  a  happy  tmiiBform- 
atiou  of  the  variables,  reduced  them  to  linear  differential  equations  of  the 
lirst  order;  whence,  by  integration,  he  obtained  finite  expreatiians  for  both 
elements.  Examining,  then,  tho  mutual  action  of  two  planets,  he  found 
that  the  inclinations  would  perpetuiJIy  oscillate  about  mean  values  from 
^vhich  they  would  deviate  oidy  by  very  small  quantitieg.  Applying  this 
priaciple  to  the  planets  Jupiter  and  Saturn,  which  he  considered  as  form' 
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with  the  sun  a  system  npart    iu   the   heavens,  he  found   that   tlio 
t  isdination  of  Jupiter  a  orbit  to  the  ecliptic  i\ould  be  '4°  'i'  18". 
bb  kiat  I'  IT'  15";  and  that  the  greatest  inclinatiou  of  Saturn *a 
I  wvvM  be  U"  32'  41"  and  his  least  48'  49'.     Thus  the  whole  varia- 
n  of  Juptt«^r's  indinadon  amounted  to  45'  3",  and  that  of  Saturn  s  to 
45'  51".     When  the  number  of  planets  whose  mutual  action  is  con- 
lered  exceeds  two,  the  qaestion  ofTeis  greater  difficulties  ;  and  LEigrange, 
oonsfiqaenoe,  did  not  at  this  period  of  his  researches  attempt  to  inquire 
.ether  the  inclinations  of  the  four  planets  nearest  the  sun  oscillated 
mean  Talues,  like  those  of  Jupiter  and  Saturn,  or  whether  they 
eontinuallj  in  the  s&me  direction,  attnining  in  succession  all 
of  magnitude  with  respect  to  a  fixed  plane. 
From    the  anaijtical  e?Lpressions  of  the   inclinatioiis,  he  derived  an 
t  method  of  determining  geometricalljr  the  positions  of  the  orbits  at 
end  of  any  given  time,  and  of  representing  their  several  motions 
relatively  to  each  other. 

Laplace  successfully  applied  Lagrange's  method  of  integration  to  his 
own  diiferential  ex[iressiotia  of  the  norle^  and  inclinations.     He  also  ex- 
tended the  ^me  metliod  to  the  eqtiations  of  the  eccentricities  and  the 
>helia,  and  obtained  finite  expressions  for  those  elements  similar  in  form 
tboee  which  LagrangQ  had  already  foond  for  the  nodes  and  inclina- 

method  of  successire  approximation  which  Clairaut  and  his  con- 
poruriee  employed  iu  the  prablem  of  the  Perturbations  was  attended 
the  inconveniencd  of  introducing  into  the  expression  of  the  m<:ltus 
at  series  of  terms  depending  on  arcs  of  circles  which  incrcaged 
iuallj  with  the  time.  Such  teims,  it  is  clear,  Tvould  have  the  effect 
ing  the  planet's  distance  from  the  centnil  body  to  increase  to  an 
te  extent ;  hut,  as  this  conclusion  was  at  Turiance  with  observation, 
neceasftrily  followed  tliat  the  method  of  approximation  was  defective. 
^!he  same  InconTenienca,.  indeed,  k  found  to  arise  when  the  method 
is  employe4l  in  less  complicated  researches  than  those  relating  to  die 
planetary  perturbations ;  and  wherein  it  is  demonstrable  that  the  rigorotis 
inlegrala  do  not  contain  any  terms  susceptible  of  indefinite  increase  f. 
dus  difficulty  first  presented  itself  to  the  geometers  engaged  mtli 
lunar  theory,  they  ver)'  soou  discovered  that  it  arose  from  the  motion 
ivR  apogee,  and  they  found  the  means  of  getting  rid  of  the  embarrassing 
«  by  assuming  the  motion  of  that  element  in  the  outset ;  on  J  after- 
computing  its  value  by  the  method  of  indeterminate  coeMcients, 
th0  theory  of  the  planeta,  the  Lucouvenience  of  such  terms  is  simi- 
fomid  to  arise  from  the  motion  of  the  aphelia  ;  but  the  mode  of 
g  it  IB  much  more  dilficult  in  this  case,  on  account  of  the  irregu- 
of  the  molton.  and  the  mutual  dependence  of  the  aphelia  of  both 
lets.  Lagrange  vanqui^shed  this  difficulty  by  the  invention  of  a  new 
of  integration,  which  he  first  employed  in  an  investigation  of  the 
of  Jupiter's  satellites  ;.  In  an  elaborate  memoir  which  Laplace 
municated  a  few  years  afterwards  to  the  Academy,  he  shewed  that  the 


itions 


*  M*m.  Acad,  da  Scienoc*,  1772,  part  i.      This  memoir  was  not  written  until  177fl, 
Mgh  il  wu  iocerted  in  the  volume  of  the  Academy  for  1772. 

La^^nge  hu  given  am  e!Ciim|ji£  of  thiji  kind  iti  a  mctaoir  wbicb  appeira  in  the  vqlume 
je  Berlin  Academy  for  LT83. 

TTie  mcmmi  whicK  contained  rhis  invcstt((iition  wm  crowned  by  ihe   Academy  of 
Ja  the  yew  1766.     See  Prix  dia  I'Aculcmic,  tome  iK. 
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ordiimiy  method  of  integrattoD  might  he  freed  from  the  mconrem 
of  circular  arcs  by  meaus  of  the  variation  of  the  arbiti'aiy  ooostanta  in 
iLpproximate  iutegnib  *,     Proceeding  upoti  this  fiappositiou«  he  ob 
very  aimple  dtilereutial  ejtpreg^ioD^  of  tUe  secular  variations ;   and 

[transfufming  them  lulo  liiietir  equatious,  after  tha  manner  of  L&graagei,' 
was  enabled  to  iutegrste  them  without  any  difficulty.     He  then  ofmsii' 
the  mutual  action  of  two  planets,  and  arrived  at  the  same  eoncltision 
tive  to  their  eccentricities,  aa  that  to  which  Logmoge  liad  beeti  condm 
relative  to  their  inclinations.      In  other  voreb,  he  Mlabiished  the  iin- 
portant  fact  that  the  eccentricities  of  the  two  planets  wonld  nut  incresasa  to 
an  indefinite  extent  in  virtue  of  their  mutual  attmction,  bat  would  b« 
coiititied  withui  certaiu  fixed  limits  between  wliich  tliey  would  perpetoAUy 
oaciliate.     Applying  hia  formula  to  the  theory'  of  Jupiter  and  Sattim,  he 
found  tliat  the  eccentricity  of  Jupiter's  orbit  would  vary  between  0.06177ft 
and  U.iJsilOOfi.  and  that  of"  Saturn's  between  0.063094  and  0.01UT8,     Tb© 
period  of  these  variutions  he  found  to  be  the  same  for  both  plaueta,  and 
equal  to  about  35.000  years. 

Jn  17K2  Lagrange  investigated  the  perlm-bfltions  of  the  planets  by  a 
method  which  embraced  both  the  secular  and  periodic  InequaliLies  iu  one 
common  aiialysi§  f.     Tbia  method  consists  in  supposiing  all  the  deran^ 
ments  of  each  planet  to  be  occaaioued  by  a  continual  yariationof  the  ellipti^J 
elements.    We  hare   seen  that  Euler  origindly  employed  this  i^^^^^^^l 
aaetbod  of  investigation,  which  oilers  peculiar  odvant^es  in  oomputltig  oV 
laffectB  of  perturbing  forces  of  small  value.     Lagrange  having  obtained  the 
diflferential  expressions  of  the  elements,  decomposed  them  into  two  paria, 
one  depending  on  the  ooutiguration  of  the  planets,  the  olhor  on  Llie  mBsam 
and  the  elementu  themselves.     The  fornier  class  of  terms  gave  liiin  the 
periodic  variations;  the  latter  gave  him  the  secidar.     Applying  himself 
Bret  to  the  secular  variationB,  he  considered  the  mutual  action  of  Juptter 
and  Saturn,  and  obtained  results  similar  tothoio  which  Laplace  and  hiai' 

,  lelf  had  already  derived  from  their  researches.     He  next  considered  tlie 

Sitem  formed  by  Mars,  the  Earth,  Venus,  and  Mercuiy,  taking  into  «oeoimt 
e  action  of  Jupiter  and  &atui*n  upon  each  of  those  bodiee.  We  have  remarked 
\fiu  a  previoujs  occaaion  that  this  case  i^  much  more  difficult  than  that  in 
Vbiek  only  two  planets  itre  c^oncenied.     The  genius  of  Lagrange,  however, 
I  was  triuinphaut  in  these  researches,  Mid  he  succeeded  in  domons  tuning,  as 
[In  tJM  cose  of  the  lar^ger  phmeU,  that  the  eccentricities  and  ineliiiatiooa 
'^ould  always  be  oontincd  within  very  naiTow  limits.     He  found  that  the 
ecliptic  woutd  not  be  displaced  to  a  greater  extent  than  5^  iA'  by  the 
action  of  the  planet'^  upon  the  earth,  and  tliat  all  the  planetary  orbits  would 
['be  {lerpetually  comprised  within  a  zone  of  the  heavens  whose  bmndth  ^n/a 
I''  06'.     He  therefore  announced,  aa  the  final  result  of  his  researah^a, 
that  the  secular  variations  of  the  elements  were  in  all  oatee  stich  as  would 
for  ever  assure  the  fitability  of  the  pliJJietnry  Bjstem, 

The  some  Uluatriouii  geometer  extended  his  researches  to  the  periodic 
[inequalities,  which  he  investigated  itt  two  elaborate  memoirs  cotnmunioated 

*  Mim.  AcJiH.  de*  Scietiwn,  1772,  part  ti.     Laplace  hati  Rivt-n  a  brief  otitlJtie  of  thla 
ntetliod  iu  a  nolo  at  Ute  cod  of  tht'  [n^eceiiinB:  volume.      He  continued  to  improve  il 
l4n  two  ducciinivc  tnemoirs,  which  iippcared  Jti  tbc  votutaes  of  tht?  Awid^mv  f«r  IvT?  iuid 
J 78!).      In  the  la*!  maxamr  the  mcthoii  tissutncd  tlie  same  f.r  '^      *"       '.[ijt 

C^'les(«r.      Loj^rnntce  hu  very  niuirh  sirnjilifled  ihiB  mrMlc  of  «.■(  :ia. 

ti<tn«  in  0.  memuir  which  apnuajrt.  iti  tJje  vulumc  of  tlic  Beriis,   .i.  ...^ ...,   n,  .,.u    .car 

iim. 

t  Mdm.  Aciod.  Berlin,  178),  ^  Ba 
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-|p  ib»  AmdMOT  of  Sckncss  of  Berlin  *.  Ho  derived  Che  ana- 
^4lll{imiioi»  of  tiMsft  inequalities  from  the  periodk  variationfl  of 
, !  ^doasati,  «iid  tbea  ooimmtad  ibair  ftumerirnl  vnluet  for  each  pluifit, 
^llMi  itit«f«8tiiig  ttiillts  obtuned  L?  Lagmnge  relative  to  iha  stiilnlitT  of 
I  ^ynvtevt  wane  ioand^d  apon  a  kuowled|B>ie  of  tbc  ma£$es  of  tbd  ■eT«i%l 
The  oomputAtion  of  the  nmss^^  of  tho«e  pkneLa  th&t  are  aAOOU^ 
paikk^  by  nt«Uitea  is  not  m  diHicuU  ftfoblem,  but  it  i«  <{uite  dJifMPMt  Hhio 
tlM  4iifiHtiaa  »£sra  to  th«  other  pUtoeta  of  the  vfstem,  Thaan^taee&if 
ffmkiu^  ihA  mrnmon  of  all  tji^plsaet^  nm;  be  Moortuned  hf  obMrnng 
thft  tdfoets  of  their  imitiMl  perturbations^  but  thmB  effects  are  ge&eittlly  ao 
Terr  minute  that  tbey  are  almost  entirely  loal  iu  the  errors  of  obaerTi;^n, 
4mut10ojMd  th«  ibisks  of  the  planets  thftt  hAve  no  9n,t«litt68  hy 
thmt  vohunet  mth  their  deBsitieST  uiuming  the  tatt«r  lo  Tory 
flll9iiiTen9ii.tMof  tb«  pknet't  dktBr'  ihe  eun,     Thi«  priocipte, 

'  I  mdmaUy  mggeeted  hy  the  reki .  :  ie«  of  the  Earth,  J u]Jtterf 

l»  wia,  notwithatanding,  gratuitoa«l/  a&samed,  and  thertiSirt  ibm 
d«ri?Gd  from  it  oould  uot  be  altogether  free  of  unotfflilligr, 
iodead,  eheved  the  improbabilitj  of  an^  niint*  iltentioii  ni 
velAee  of  th^  duiises  afiectiog  es^iButtallj  the  eimeliH»iis  tX  wldefa  b« 
hat  stilt  it  was  deairahle  that  saeb  valuabte  tnithn  shonld  b^ 
hjr  Mn  analysis  divested  of  all  considerations  of  a  hypothetio 
Thia  impoftAtit  step  wwi  made  by  Laplace f.     In    ITM  be 
sLisied  thiit,  no  matter  what  might  be  the  illative  masses  of  the 
ibe  eceeDtdriLies  nad  ineUDatioos  if  once  LneoiMidenihle  would 
(AoDlzniie  so,  provided  the  planets  were  auUject  to  this  one  eonditioii-^ 
Ukmf  mil  rmeatred  round  ihf  tunii^  tk* waimdirtctionr,  lliift  remarhmble 
i*  oAbodied  iit  two  elegant  theoren».  wbieh  the  great  geometer  jnst 
the  first  to  announce  to  Uie  world.     The  theorem  wlatiTe 
oaollatiouif  in  the  form  of  the  orhit'^  may  be  tLu9  i'tnted ;  if  th* 
oftaeh  phtiict  ht  muUqilird  btj  the  S(jtiafi'  nf  thi*  etcenlricity^  and  thi* 
iy    lAe    *ftNir«  rvoi   of  the  fman  disUttic*,  lA^  wm  of  thi*9 
miU  ntway*  vwMm  tht  Hiin«  mAffnitude,      Now  when  this  nntn 
dMCTmi'  n  w>ch,  it  ia  fo<md  to    b*  small;   Ity  (he 

jg   :  will  alwftys  continue  so ;  it  follows,  'there- 

i/ffrti^n^  lihttt  naik:.h  «[ujiiitiiy  wlQ  continue  amaU,  and,  cousequuitJiyT 
itniittj  cannot  ji»  eey  ease  beconie  coaaiderable.     The  theofen 
i«e  to  the  po«itioti»of  th<«  orbit  -  r  elegant.  It  may  bs  cspre*?8etl 

fbllowijljg  terms:  If  tha  rii/>  /i  planet  be  muUipUfd  %  the 

rf  qf  tJiJS  hitttfertt  a/  the  orbil'a  tuclittalioji  to  a  Jijied  ftlam.  tiiul  ih'u 
by  tfut  iufuurg  root  t^'  tht  mcutt  distance,  tVt<  turn  of  ituch  quatUiiiM 
mtariabfe.     Coneiderataonie  ^intilar  to  those  we  employed  m 
,  ;n^tv.,i, ,;.  -^Tiflble  US  to  conclnde  fmm  this  th^'ofem  that  the 
1  suflTcr  only  a  Tery  inconsIJerahle  dkpluceweal 

tij<^i    Uilv^LOili   Hi-ttuutlOD  ,.  > 

» 
Uim.  Acad.  Berlin,  1730-4. 

Jttsb  And.  des  Sdencet,  1784.    Thi§  rocmoir  of  Laptace'j  h  remarUbJe  for  rrni- 

!  fint  mfloitDoement  of  three  of  the  most  tmpiinant  di»coverics  in  Plivsitad 

y.  Th«ae  were — ltt,ttie  explanation  of  the  long  infqiuiHty  of  Jupiter  and  Salum  • 

,  die  ioveaiigatioa  of  the  origia  of  ihe  curiouf  rcbuiom  wbicb  coBnect  the  epocfaii  and 

mMioBt  of  the  liatt  iotertor  utellim  of  Jupiler ;  3rd,  the  remits  mcationed  in 

t  Tbc  t«lue  of  LaplaoeV  Tetetrche^  on  the  present  occaidon  doe»  not  reit  merelj  on  the 
nrmr  of  the  two  tb^oreaiB  aitnounccd  iu  tiie  text  The  &ct  u,  ti»t  the  invevli^ion 
tbe  onhmtiB  cooditioa  of  theeccenlticiiteii  and  the  iacluiatiooi  depeoda  in  cadi  caie  on 
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The  laws  which  thus  regulate  the  eccentricities  and  inclinations  of  the 
planetary  orbits,  combined  with  the  invariabilitj  of  the  mean  distances, 
secure  the  permanence  of  the  solar  system  throughout  an  indefinite  lapse 
of  ages,  and  offer  to  ms  an  impressive  indication  of  the  Supreme  Intelli- 
gence which  presides  over  natui-e,  and  perpetuates  her  beneticeut  arrange' 
ments.  Wben  contemplated  merely  as  apcculativc  truths,  they  are  un- 
questionably the  most  iniporta}:it  which  the  transcendental  analysis  has 
disclosed  to  the  reseanihes  of  the  geometer,  and  their  complete  establisb- 
ment  would  suffice  to  immortal iae  the  names  of  Lagrange  and  Laplace,  even 
although  these  great  geniuses  possessed  no  other  claims  to  the  recollection 
of  posterity. 

It  cannot  fail  to  have  occurred  to  the  reader  that  in  tlie«e  aublime  re- 
searches the  two  mighty  rivals  pressed  forward  always  at  an  equal  pace, 
insomuch  that  it  would  be  hardly  possible  for  the  most  discerning  judg- 
ment to  assign  the  palm  of  superiority  to  either  of  them.  Their  investi- 
gations of  the  secular  variations  were  iu  both  cases  equally  original,  and 
equally  entitled  to  admiration.  Laplace's  method  might  be  more  simple; 
Lagrange's  was  more  luminous,  and  bad  the  advantage  of  being  direct.  In 
his  researches  connected  with  tlie  mean  motioi],  Laplace  displayed  a 
cal  sagacity  which  rarely  characterized  the  speculations  of  Euler  or 
nge,  and,  perhaps,  this  quality  was  more  valuable  to  him  throughout 
career  than  an  unexampled  command  of  analysis  was  to  bis  great 
Tival.  In  the  iutegratii>n  of  the  differential  efjuatious  relative  to  the 
aecular  variations  of  the  plauets,  the  genius  of  Lflgrange  was  eminently 
conspicuous.  Laplace  admits  that  he  was  compelled  to  abaudon  the 
design  of  integititing  hi*  own  equations  on  account  of  the  difficulties  they 
offered,  and  was  only  induced  to  resume  the  subject  on  becoming  acquainted 
with,  the  ingenious  method  devised  for  that  purpose  by  bis  illuatrioufl 
contemporary  ** 


his 


eamSr 


the  resolution  of  an  algebraic  ettutitton,  <>r|ualin  df?^re«  lo  llie  number  of  planets  whoKmi 
action  ii  eonHidcrc^d,  and  mvolvlng  their  nia.<>5csin  indeternimBtfi  fartm.  Lagmi^  shewed 
that  if  any  of  thi;  mnU  af  tlii^  ec{)j.ition  should  be  equal  or  imaginary,  the  corresponding 
element  (whi'lher  the  ecct'ntrii'ity  or  the  iiicliuatioii)  would  increase  to  nn  indefinite  ex» 
tent,  but  if  tlu^  roots  should  be  all  real  aitd  unequa],  tlio  some  elementa  would  perpetually 
osfiUBie  Uetween  fised  liniitj;.  Having  iiscertnined  the  lauKS  of  the  planet*  by  tine 
metfaotlB  mentioned  in  the  text,  he  nibMitiitcd  them  in  each  eqiuiioit,  and  then,  by  the  method 
or*uocresslve  approximation,  he  obtained  the  values  of  the  several  roots.  These  he  found 
to  be  alt  r*a!  and  unequal,  whelher  the  equation  referrBd  to  the  eccentricities  or  the  ineli' 
Holtotu,  whence  he  concluded  that  iheee  elements  t^'ould  |>erpi^to.-illy  Ofcillale,  The 
ptculiar  merit  of  Laplarf's  rewarcbet  consisted  in  slieuing  t}iat  the  roots  trcn.-  oil  real 
and  uni'qua),  without  h'tviog  reeourse  ta  the  actual  solution  of  the  equations,  andj  cntiBe> 
qiiently,  wiihout  the  necessily  of  eniployirijjf  any  deleraiinnte  valueEof  the  masses. 

*  "  Je  tn'elAia  propos£  depui;  long  temps  dc  les  intcgrer  maia  le  pen  d'ulilie^  de  ce  eolml 
pour  Ics  besoin^de  L'Astronoioiie  joiiita  aux  dlfTicuhej  qu'il  prcsenrail  m'avail  fait  abandoooer 
ceUe  idee  et  j'avoue  que  je  ne  I'auniis  pAS  reprice  NinB  1a  kcture  d'un  excellent  m^moire, 
Rur  les  inegaliiei  secuUuri's  du  mouvcmeiit  de#  nceuds  et  de  rincLsnaieon  des  orbites  des 
I'latieloK  qnc  M.  Do  La^ange  vient  d 'envoy er  ^  ['Academic."  M£m.  Acad,  dea  Sciescea> 
Anute  1772,  part  i.  p.  371. 
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CHAPTER  V. 


IiretuUtflies  of  Jopiter  and  $stun><— ReMAfcliea  of  Lanibcrt, —  Lagrangt!.^Circuni- 
ilMm  wbtcfa  detannliie  the  SecuUr  ]nequ«litie«  in  the  Mean  Longitude— Laplue's 
lawMt^gpSkNl  of  tha  Theofy  of  Jupiter  aod  Saturn. —  Hu  Dl£cov(^r7  of  ihe  phjucal  cause 
«f  llie  LoDg^  lBe<|ualitj  in  tbeir  Mean  Motioniu^ — Accelpration  of  the  Modii'b  Mem 
UotMn, — Uallej^ — Dunthorpcu — Failure  of  Euler  and  Lagruige  to  ai-eount  fbr  the 
Pfamomrtioii.  —  hi  explanation  b)-  Laplaoe.  —  Secular  Tnequahtie*  in  the  Moon't  Pe- 
tigcc  and  Nod«i> — tnequalitiet  depeodjng  on  the  SpheriodAl  Figure  of  the  £artb.<^ 
PftnlUcdc  Inequality. 

Alxsodch  the  principle  of  gravitatioD  was  shewn  to  be  admtmhlj  cal- 
culated for  m&tnt&ining  the  stability  of  the  solar  system,  th^  gtmnge  itre- 
golaritie^  in  the  mean  utotiops  o£  Jupiter  and  Suturu  still  coutiuued  to 
perplex  ostronomers,  and.  in  sotne  degree  td  tarnish  tlie  lustre  of  thu 
Newtonian  theory.  In  1773  Lambert  published  an  interesting  essay  on 
tlu3  subject,  in  which  he  attempted  to  represent  the  iueq^uditie^  of  the 
plmets  by  means  of  etnpiric  equations.  Tha  researches  of  this  aatro- 
Domer  contributed  to  throw  some  light  upon  the  wb\  character  of  the 
phenomenon.  It  liad  heea  hitherto  supposed  that  the  tnean  motion  of 
Jitptter  was  contiuually  accelerated,  and  that  of  Saturn  similarly  retaiJed. 
TbeM  reenltfi  were  derived  from  a  conaparisou  of  tlie  observationg  cited 
by  Ptolemy  in  the  Syo taxis,  and  those  of  the  earlier  astrQiiomers  of  Eu- 
rope, with  the  obsenations  of  modem  times.  Lambert,  however,  found, 
cm  eomparing  the  obsen'ations  of  Hevelius  with  thot>c«  of  the  following 
CQDtejy,  that  the  mean  motion  of  Jupiter  was  retarded,  while  that  of 
Stttum  was  accelerated.  This  important  fact  indicated  that  the  iueq^ua- 
lilies  did  not  increase  indefinitely  in  the  same  direction,  but  were  merely 
periodie,  like  those  depending  on  the  configurations  of  the  plauots.  The 
reaeucltee  of  Lagrange,  in  1776,  tended  to  j^trengtbea  this  conclusion ; 
btit  it  ia  important  to  remark,  that  the  result  he  obtained  relative  to  the 
iufaiiability  of  the  mean  distance  does  not  necessarily  exclude  the  exist' 
cnceof  aecmar  inequaliiieii  in  the  mean  motion.  When,  indeed,  we  con- 
sider a  siiigle  planet  revolving  round  the  sun  in  an  undiiiturbed  orbit,  the 
tnean  motion  will  depend  solely  on  the  meaii  distance,  and  will  not  in  any 
manner  bo  affected  by  the  elements  which  prescribe  the  form  and  po- 
rtion of  the  orbit.  Thtis  we  may  make  the  eccentricity  and  the  other 
elements  vary  in  any  manner  we  please,  but  so  long  as  the  mean  distance 
retains  tiie  same  tnagnitude  the  mean  motion  will  continue  uualteruble. 
Hie  relation  which  connects  theso  two  elementa  forms  the  third  of  Kopler  a 
&iaOQ8  laws,  and  when  one  of  them  is  known  the  other  in  readily  de- 
ducible  &om  it  by  means  of  that  relation.  But  the  case  wilt  be  quite 
different  when  we  suppose  the  planet  to  be  perpetually  disturbed  in  its 
orbit  by  the  action  of  another  planet.  The  two  elements  will  no  longer 
be  connected  together  by  Kepler's  law,  for  tlie  perturbing  forces  will  now 
mtraduce  into  the  ^pression  of  the  mean  motion  a  clas^  of  terin^  depend > 
ing  opon  the  eocentncities  and  the  other  etenienta  of  both  planets.  These 
ddm^Bts,  in  lirtue  of  their  secular  variations,  might  produce  an  effect  on 
the  planet's  longitude  which  would  ultimately  become  sensible,  and  hence 
might  arise  a  secular  ineqtaality  in  the  mean  motion,  tiotwithstanding  tlie 
tuvaiiability  of  the  mean  distance.    It  beeame,  therefore^  au  object  of 


»''«^"g  Iji    ■■*'  'muTtx 
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«.t  . T rir  jui^enu^sft  irHtfcieuet  ui»  ii  ii  iwiiil  auBgniHL  H* haA |n> 
'  jwua;;'  l>ua(L  mUic  ^  hi  -ati  asaw  cKOsiBBar ":!«  i^  ?**>■*  '^  *^  *^ 

i^AMijL  Mt  ^'ismttw  jm  anrxSw  it  "»  vnor  ^iws^ic&r  sjaans  of 
iiA  ^junr  '««'.«'>  «bi  iK  3w  KTSkjT  a»m«'«gi  ^antf  iamb  s  Msdu 

t'-. '.'..v  b'..:  rH.'ur  Lt  -li'Liji  '•:'-'  "iiiT  i-::iL::j.iL  "«:>■  '■■■tr  JHanrille 
,.•   v.- .'.  : -i/..»'t    i.-.'  _i  :.^..-..:ic?  a»r  iiii  r:  £i.:ae£  iiir  ^istaoiih  |art  of 

fjt.*Tf3br*    *  vvT.  *3''*  -s*  V  isT»:^sM  ^i^  t  ffttir  fiM-m'tmiM  of  ttff 

j»^--tJ»^  ^•r:**',**^  •->  ■*•.-.  f'.r  i:  is  ^aer**  Tr!»i3rt  toes  &?  iiluu  cC  Ai 
*!«*jWKf*.'.  *?'?  Vt  •^vs  1^^  *V*—  ti?WT»  *»»v*  *vcf!<:^ia.  We  bit.  AM* 
fc<*-i«^-.*^  •c.-ariVT  h  t?  ft  trrJh  ri?^r?'=s!T  JfaicjcaaeA.  ^2as  Ae  nntMf 
nfntrjf^.  'A  'jr^.  yrsfrrjL  j^cets  sarsrr  i-ryjace  s=t  seasMe  allenftai 

••:  fa**-*  «^*j  *ijK  "4*  =:*rlT  cf  wraitshs^  «  W  ihijst  vficlh-  ^oe  tdr 
l>iftrf,?«     At.  V..*  **>k?*  cf  ta»  j'.c-eU^  ressarfses  it  bad  Ae  Hfeel  of 

wtf? '/*".•;?  tfcft  ^>wr.  -.T  rster-r*  to  tfc*  IneirAnag  rf  Jnret«r  aad  SktoA; 
f'/r  h  \h*n^A  ^\jr.  if  tb**^  irr?2olana«  renlirf  frwn  ttie  nntaal  aedda 
»4  ♦>;*  »■«•/  flsftfji.  thtir  ?ip!ni3t2on  crsst  be  sooglit  for  laiong  Ae  ^ 
rv>^c?  e^-mu,  %.':4  i:7t  Ktaon^  those  de^^niicg  on  the  seodbr  Taradoot  df 
xh*:  ^I«Tr!«ffirv>.  It  if  r1«ar.  tb?n,  tbat.  apart  frcRn  its  intrinsic  Tdne,  titii 
/«»»!».  wmsl  }/^  rr/TMitmi  as  forminc  a  most  iui|K.«rtaut  step  in  fts 
4«»';;'/|>^rm«mt  'A  t?.<t  the^/rr  of  gravitation. 

ft  itfjj/'An  from  L«^mige's  words,  as  quoted  abore.  tiiat  be  dH.  ikiC 
tvm>i'i4t:r  hjT»v»]f  «arrant«d  in  concluding  from  bis  lesemhea  Aat  Ae 
mA*n  mfn.km?  <>f  th«r  serondaTT  planets  nnfibt  not  be  afteted  «idi  secular 
}»«;']  <ialnie«  </f  Mms;M<;  munitndes.  Umortuuatelr  for  his  fiune,  it  & 
n«7t  i^Tttr  Vi  him  to  appir  hii  fomnils  to  the  moon.  alAoi^  die  seeokf 
m<'{lM)i^r  which  a<tr/nomers  had  actoallr  detected  in  Ae  mean  motion  of 
tbat  im*J:i]iU;  rnij^it  have  sngijested  snch  a  step  to  a  mind  of  moch  lead 
itniiw'iij  th»n  Win.  liy  this  inadrertence  he  missed  one  of  Ae  noUeat 
divwveriai  in  pbjhiral  astronomr,  and  it  happened  to  him,  as  on  serefd 
i/i\nir  fjcmitiom,  that,  while  he  allowed  his  brilKant  reseairfaes  to  remsiii 
ff mj{janit>vi;lj  fruitlom  in  his  bands,  he  had  Ae  mortification  of  aedhg 
th^  \irizii  carried  off  hj  his  more  persevering  and  ambitions  rival. 

(itunttt:tnrH  being  now  assured  that  the  mutoal  attraction  of  Jtipitei*  and 
Hatnm  rould  not  produce  an  inequality  of  a  secular  character  in  Aei^ 

*  'rbe  imwn  Umptuda  of  m  planet  dq)eads  upon  two  elewento :— Itl,  tho  ibmb  tarn* 
tnii ;  'Jul,  Uh)  inean  loo|ptude  ooimponding  to  my  pna  «poch,  or,  moic  aunpl/*  tbe 
I'iiikUiwIi!  of  iIm!  tiNicb.  A*  ihc  mean  motion  ii  supposed  to  m  deriTsble  from  <m  meui 
Hftfaim;  Uy  Kfptfrt  law,  it  rannot  aflbct  the  mean  longitnde  whh  a  leenlar  ItienpdRt j^  bi 
Mii«w)ii»m«  ftf  IIm-  fnvariabtUfy^  nf  the  element  upon  «likl»  It  ieptni*.  Rmm^  hi  tta 
ihimrjr  (jf  thf!  rarialion  of  arUtrary  oomtaaU,  the  aeeular  iaeqinditT  in  Um  plaaat^  noticli 
U  a*crili«d  ftuMy  to  lh«  variation  of  the  longitvda  <4  the  epoeb,  the  oowtaDt  teaitaf  Ihv 
■ijilli  rliiuu'nt  of  dliutic  uiotittn. 

I  M^ii.  Acad.  Ucrlin,  1799.  p.  223. 
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motsoos,  it  Qn]y  remaiued  for  them  to  inquire  ivhether  the  aiioan» 
ifragulmiuea  of  the  two  pluv^ts  might  not  be  espliuLbl^  hf  wbm 

ic  iuBqunlitj  of  long  daration.  This  mua  the  form  which  the  ques- 
imed  wb«a  LaplacQ  uppHad  the  energies  of  his  poiverful  mtiid  to 
I  lifonNU  examijiiilJuTi  of  aLl  the  circumsUmces  eolcuUteid  to  aifect  it 
H»  fim  f«aBe<»ded  to  inquiie  wbetlier  the  inoquaUties  were  connected 
Iflfitiwr  l(j  falftlftOns  MmUtur  to  those  nrhich  would  eu&ui?  ou  the  ^uppo- 
flllMI  that  thejr  mra  pMdn&ad  by  the  mutual  ajQtion  of  the  two  planets. 
Bjr  ft  verj  simple  analj^is  he  fouiKl  that  the  mean  motion  of  Jupiter 
vouid  be  MOtlemod«  «ltile  that  of  Saturn  was  rettu^led,  and  rrW  i'4fr«<j. 
Be  alaa  4tt09T«l«d  that,  iiTws  oolj  regnnl  inequalities  the  periods  of  vthiah 
09  vazT  long,  tlw  correepofidiiig  demngementa  of  the  two  plimeta  would 
tlv^ft  bo  to  ^wb  other  aa  the  ptroduvts  formed  by  midtiplving  the  man 
of  e«eb  planet  t&to  the  sqaara  root  of  its  mean  distance.  He  hence 
tttilj  ooneloAed  that  the  deivuigement  of  Jnpiler  at  any  time  wtmld  be 
Ml  ihs  wnkultafiaous  ilerangezDent  of  Saturn  very  uetaif  as  B  to  7.  Noir, 
hf  wiMaraing,  oecarding  to  Bailey,  that  the  retardation  of  Saturn  in 
iiOO  yeum  MnouBled  to  9"  1 6',  this  relation  ^aye  him  3<^  58^  for  the  cor- 
Wfendiiig  aoc^cfation  of  Japiter,  a  quantity  which  differs  only  by  9^ 
teil  Ike  result  obtained  by  Halley. 

Bdm  ihua  furnished  witli  a  strong  indication  that  the  irregulariiie^  of 
die  two  filmeto  were  due  to  their  mutual  attraction,  he  entered  upon  a 
•MBilBQg  inqnifj  into  their  real  source.  Thta  he  finally  discovered  in 
th»  onr  oomznensumbiLity  of  the  mean  motions  of  t^ie  two  planets.  Five 
lines  tfaa  meaa  motion  of  Suturu  is  very  nearly  equal  to  twir«  tbt*  mean 
■Dtjon  Iff  Jupiter.  In  fact,  if  *t,  n'  repinnent  the  mean  motions  of  the 
Ivo  plmets.  &n— '^n'  h  equal  only  to  about  J^th  of  tlie  mean  motion  of 
iii|itttc  3Siiw,  Laplace  found  that  certain  terms,  involving  this  quantity 
u.  tha  dtferewtinl  equations  of  the  lon^tude,  wosdd  ftxm^e,  by  double 
Ike  square  of  the  saitie  quantity  as  ditiion,  and  in  conse- 
ivenid  rise  veiy  much  in  value.  Term^  of  this  class  are.  indeed, 
f  minute,  being  only  of  the  order  of  the  cubes  of  the  eccea- 
Btad  iQclina Lions ;  but  L«j)iaoe,  with  characteristic  Bogacjty,  sua- 
tliikt  the  small  divisor^  they  ecqiiircd  mijijibt  render  tliem  sensible, 
end  tliat  they  might  possibly  explaiii  the  irregultirities  of  the  two  plan«lfc 
Tkn  w^fviM  of  actual  calculatioii  entirely  couiirmed  his  saspicion.  H« 
iloni  that  tlie  terms  ssaigned  to  SAluru  au  irieqttality  equal  to  48'  44'^ 
iad  to  Jepiier  a  contrary  inequality  equal  to  Ui)'  4'J".  The  x^eriods  of  the 
iMi  iBft'ialtfi^w  w«re  equal.,  and  amounted  to  92U  t«u^.  They  reached 
ibeir  fiBaxiuMtra  Talnes  in  the  vtar  1 5^11.  The  apparent  metin  motions  of 
lbs  two  pliuieta  henceforth  oontiiiually  approximated  towards  their  true 
inn  jiHwnn  and  finally  coiiicided  with  them  in  the  y^r  I  '90.  This  ia 
IbsiMna  wky  Hdley,  on  comparbig  ancient  with  modern  obiservatiuns, 
fmbA  til*  memt  motioD  of  Jopiter  to  he  quicker*  and  that  of  Bsitim 
i^twrer,  while  Lambert,  on  the  oilier  Imnd,  from  a  coraparisou  of  modern 
^^imtiotjA  with  eaeK  other,  arrived  at  »  diametricaUj  oppoi^tte  cimclu- 

^^Lm^\'  't   his   eqanttona   accounted  In  a   most  sut' 

Lririf!:=;  of  the  two  plaaels.     Among  forty -iLi       ^^ 

'.pared  with  theory,  tlie  errot  iu  uu  vAtft* 

;,  ^^  :         ^         il  very  far  short  ijf  that  qufinljty.     At  a  sub* 

eul  |^enl>d  of  fats  reseai'chea  he  dtniiuislied  the  crroi-s  of  both  planeta 

,  although  only  a  small  number  of  years  before  the  orrora  m  the 
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liest  tabl<?s  of  Sfttum  exceeded  20 ''^■.  By  this  capital  discovery  LaplaOfi 
banished  empiricism  from  the  tabka  of  Jupiter  and  Saturn,  and  extricated 
the  Newtonian  theory  fmm  one  of  its  gravest  perila.  "  The  irregulariria* 
of  the  two  planets,"  says  that  illuatrioiia  geometer,  "  appeared  formerly  to 
be  inexplicable  by  the  law  of  universal  gravitation — they  mow  form  one  of 
its  most  fitriking  proofs.  Such  has  been  the  fato  of  this  brilliant  disco- 
ver)', that  each  diJJiciilty  which  has  arisen  lias  berame  for  it  a  new  subject 
of  tritimph,  a  circumstauce  which  ia  the  snrefit  characteristic  of  the  true 
system  of  nature."! 

We  shall  now  give  a  brief  account  of  the  circumstances  cotmected  with 
a  remarkable  inequality  iii  the  moon's  motion,  which  continued  to  form 
the  subject  of  toilsome  research  until  its  true  physical  cause  was  at  lengUi 
discovered.  From  an  extensive  comparison  of  ancient  with  modem  ob- 
Bervfltions,  it  was  established  beyond  doubt  by  the  aatiouomers  of  the  list 
century,  that  the  mean  moiioti  of  the  moon  has  been  becoming  contimiftlly 
more  rapid  ever  siuce  the  ejKJch  of  the  earlieat  recorded  obaervations. 
Halley  was  the  first  person  who  auspeclod  this  important  fact.  We  miy 
remark  that,  if  the  moons  mean  motion  bo  more  rapid  now  than  it  wis 
in  ancient  times,  the  place  of  that  Batellite,  when  computed  for  any  re- 
mote epoch  by  means  of  the  modem  tables,  will  be  less  advanced  than 
her  actual  place,  and  hence  tlia  time  of  an  eclipse,  when  calculated  in 
this  manner,  will  appear  to  happen  earlier  tlmn  the  recorded  time.  It  is 
also  obvious  that,  If  we  make  a  similar  coraputatioii  for  any  intermediate 
epoch,  the  moon  In  this  case  too  will  be  thrown  bac-^k  in  her  orbit,  though 
not  to  such  an  extent  as  in  the  previous  case,  and  it  is  manifest  that  the 
error  will  diminish  continually  as  we  descend  towards  the  epoch  of  the 
tables.  Now  this  was  the  character  of  the  results  which  Halley  obtained 
from  an  examination  of  some  ancient  eclipses  recorded  by  Ptolemy  and 
the  Arabian  oatmnomerB,  and  vchicb  in  consequence  induced  him  to  sup- 
pose that  the  moon's  mean  motion  wuts  subjcet  to  a  continual  acceleration. 
He  first  alluded  to  this  phenomenon  in  lfi93,  but  nn  attempt  was  made  to 
confirm  hU  suspicion  until  the  year  1 T4!',  when  Dunihorne  commuuicated  a 
memoir  to  the  Royal  Society,  in  which  he  discussed  all  the  observatioos 
calculated  to  throw  light  npon  the  subject.  He  computed  by  the  modem 
tables  an  eclipse  of  the  moon  observed  at  Babylon  in  the  year  7*^1  a.o.  ; 
another,  observed  at  Alexandria  in  the  year  2U1  A.c. ;  a  eolar  eclipse, 
observed  by  Theou  in  the  year  ^64  a,d,,  and  two  similai-  phenomena,  ob- 
served by  Ibyu  Joiinis,  at  Cairo,  in  Egypt,  towards  the  close  of  tho  tenth 
ceuttiry.  In  all  these  cases  the  computed  time  of  the  phenomenon  was 
earlier  than  the  observed  lime ;  and  the  error  generally  was  greater  as 
the  eclipse  waa  more  ancient  He  therefore  concluded  that  the  several 
observations  could  ouly  be  reconciled  with  the  tables  by  assuming  that 
the  mean  motion  was  contitmally  accelerated  agreeably  tx>  the  remark  of 
Halley.  and,  from  a  coroparison  between  the  observed  and  computed  times 

*  Laplace  first  explained  Itiese  mequalhies  in  t1t«  volume  of  the  Acadetaj  of  Sciences 
for  the  ytiat  1784.  In  Ihe  votunics  tor  the  Iwa  follow! tfj^  ypora  be  gave  a  complete  aim. 
ly^k  of  (lie  thpnry  of  Jupiti^r  aiid  Saturn,  and  sUevved  itii  accordance  with  the  aneicnt  aiid 
modern  Dbservatiunii.  An  admiT.iljic  exposition  of  the  origin  of  the  famous  inequality  meo- 
tjoned  m  the  text  is  contained  In  Airy's  Treatise  on  Gravitation;  n.  little  work  urhich 
sbould  be  in  the  hands  of  every  perwn'  (whether  a  mathematician  or  not)  vho  dednM  to 
obtain  clear  idcai  of  the  varioiu  modes  in  whidi  the  planets  (lislur{»  each  other  by  iJteir 
mutual  attraetion.  ^^ 

+  M^'m.  Cel,  fome  v.  p.  824. 
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d  Aoambef  of  eclip««s«  he  was  induced  to  tk  the  aroounfc  of  litt: 
Imliflll  at  lO''  ia  a.  century,  counting  from  the  yesr  1700. 

A  amflAT  diacnasicm  i»ndu£teit  ihe  c«lebrnted  astrDDgmer  Mayer  to  a 
IMI^iir  AeoelerBtion  of  the  mean  motiott.  In  bin  lunar  tables,  published, 
m  173'3,  he  lixed  it  at  1"  in  tt  century  :  but  in  tJdo&e  publbhed  at  London, 
b  1770.  it  was  nlsnd  to  &".  Lalande  also  Investigated  the  question  in 
tbe  je&r  175?.  aud  deduced  from  his  retsearches  a  secular  equation  of 
y'.e^C.  which  he  ultimately  fixed  at  10". 

Astronomers  having  thus  demonstrated  by  incont'estable  eWdence  that 
the  moott'e  tnean  motion  yvaB  heooiujng  continually  more  rapid,  it  hence- 
Uath  bacai&e  an  intere^^ting  question  to  dLLscover  the  physical  cause  of  this 
pliefiOBieDoa.  The  Academy  of  Sciences  at  Paris,  always  actuated  by  a 
ImIoiib  diesire  to  promote  the  causae  of  science,  oflured  ibeir  prize  of  1770 
Jbr  tn  mTastigatiou,  which  should  have  for  its  object  to  ascertain  whether 
the  ibaoty  of  gra'kitaliun  L-ould  render  a  satisfactory  accoant  of  tliia  secU' 
kr  ineciuality  in  ll»e  moonn  motion.  The  prize  was  carried  oft"  by  Euler  ; 
bat  that  iUui>iriouH  geotnoter  wai^  unable  to  di^over  any  equations  in  the 
mean  motioa  of  a  fiecular  cUatacter.  Towards  the  conclusion  of  hia  me- 
moir, he  uses  the  following  remarkable  words : — "  There  is  not  one  uf  the 
tquBtiiHM  ahout  which  any  unceriainty  prevails,  and  now  it  appear»  to  b^ 
artaMiiih^  by  indi^^putable  evidence,  that  the  secular  mequality  in  Hie 
cnxiu's  mean  motion  cannot  be  produced  by  the  forces  of  gravitation,"* 
The  future  history  of  this  iueqiiality  should  teach  us  to  accept  with  the 
Btmost  caution  tbe  dictum  uf  any  authority,  however  high,  when  it  tends 
to  itnpugn  the  generality  of  a  priuciple  supported,  as  m  the  present  in- 
«taaoB,  by  a  muitilude  of  phenomena  of  the  most  unequivocal  chttracter. 

Anxious  to  obtum  a  solution  of  this  diilicult  question,  the  Academy  of 
ScieDoeM  again  proposed  it  fur  their  prize  of  1772.  Euler  and  Lagrange 
wen  daelared  the  successful  conipetitors  ai^d  shared  the  prize  between 
iheoi.  Euler  concluded  his  memoir  by  repeating  the  assertion  he  had 
imdd  Ml  the  previous  occasion,  adding  that  no  doubt  henceforth  could 
ariftt  thftt  the  inequality  arose  from  the  resistance  of  an  ethereal  tlnid 
pervftding  the  celestial  regions  f.  Lagrange,  in  his  memoir,  gave  a  new 
lotiilioti  of  the  Problem  of  Three  Bodies,  which  he  applied  to  the  moon  U 
hot  he  iBBorred  for  a  future  occasion  a  rigorous  inquiry  into  the  cause  of 
the  Acoeleradou.  Hf^anwhile,  some  persons  began  to  entertain  a  suspicion 
thai  the  spheroidal  iigures  of  the  earth  and  moon,  by  diftturbing  the  law 
of  tb^  mutual  atlractiou,  might  occasion  the  inequality.  This  induced 
tha  Academy  again  to  propose  their  pri/>e  of  1774  for  an  investigntion  of 
the  subjidct^  Lagrauge  was  decUrad  the  successful  competitor.  He 
examined  the  effects  of  the  moon's  figure  upon  her  motion,  by  a  very 
slEilful  analysis,  but  he  could  find  no  equation  of  a  secular  character.  By 
a  simpla  prucesa  of  reasoning,  he  extended  the  same  conclusion  to  the 
earth,  and  be  assured  himself  with  equal  confidence  that  the  attrtvction  of 
tlie  pUneta  and  satellites  could  nut  be  the  cause  of  the  phenomenon.  He 
then  entered  npou  a  critical  discuijsion  of  the  observations  upon  which  tlie 
alleged  iwcseleration  of  the  metin  motion  was  founded,  and  his  final  con- 
dosion  WB0.  that  in  general  the  data  were  of  a  doubtful  character,  and 
that  perhaps  the  best  course  would  be  to  reject  the  inequality  altogether  §. 

'  Pris  de  I'Acid&oie,  lome  ix. 
f  tbid.,  tome  ix. 
*  Ibid.,  tonic  ix. 
i  M^tnuirea  4es  Savani  Sinnp'.n,  tome  viK 
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Lapl«c«,  about  th&  tssme  titne,  mr«sti^Kled  this  mter«9tiiig  ■obje^ 
Having  ciarefuUv-  «x«.miiied  the  ancient  obeeiraliemii,  he  wm  ladno^d  It 
cuii&ideT  it  as  fally  esuHligbed,  XhaX  tlie  moon's  meaa  tD^tloa  «m  Iw- 
comiDg  more  rapid  m  moderti  times.  Some  persons  liad  eii(i<?«Tonrfd  t« 
ejcplam  die  phenomenon  by  menns  of  a  oontinual  retardation  <  :h  « 

diurnal  motion.     If  this  auppotsidon  were  true,  im  aooelenii  t  (a 

hare  manifested:  itself  in  ths  m^n  motions  of  the  planets,  w»  well  as  in 
thnt  of  the  moon,  but  this  was  not  borne  out  by  obfterrfttion.  B«t,  beside*. 
no  sullicient  cause  couJd  be  assigned  why  the  rotatorr  motion  of  the  wirtb 
should  be  c»ntin«Jii]y  retarded.  It  wm  indeed  alleged,  that  tiiis  HTwt 
might,  be  produced  by  the  oontinual  blowiug  of  the  easterly  winds, 
geoemted  by  the  beo^  of  the  torrid  zone,  againet  the  great  mountain 
chains  wfaioh  nut  from  north  to  south  in  both  hemispheres.  Lap!Ai?e, 
hotrarer,  mentions  that  he  examined  this  point  with  att«ntioii.  and  arrived 
at  iho  conchiaion  that  no  retardation  of  the  diurnal  motion  could  po¥t%ibl? 
arise  from  such  a  cause.  He  considered  jinotber  solution  of  the  problem, 
founded  on  the  supposition  that  the  regions  of  space  are  occupied  by  im 
ethereal  fluid,  which  coiitmually  resists  the  motrona  of  the  c*le«HtI 
bodii^.  He  admits  that  such  an  hypothesis  suffices  to  explain  the  phfr 
aom/Koaa,  bat  be  contends  that  we  have  no  independent  proof  of  thd 
CTiatepog  of  an  ethereal  fluid,  and  unttl  we  are  Rssurod  beyond  all 
possibility  of  doubt  that  the  theory  of  grovitatioi)  cannot  account  for  the 
moou's  acceleration,  we  ought  not  to  faaT©  reirowrse  to  any  ettnvnemts 
eource  of  explanation  *.  Uj.4  views  on  tbis  nubject  are  unquestionably  more 
aegacioua  and  philosophical  than  those  of  Enler  or  Lagrange 

Unable  to  discover  a  secular  inequality  in  the  disturbing  action  of  the 
sun,  Rud  jet  reluctant  to  derive  this  result  from  rut  foreign  principle,  ho 
WB«  led  to  otHisider  irhat  effect  might  be  produced  by  adoptintf  a  different 
conception  of  gravity.  It  had  been  al^'ays  assumed  that  the  effpcta  of 
tbiG  pnuciple  were  propagated  instantaneously  from  bodies.  L«plftee, 
however,  considered,  thtit  some  time  might  be  required  for  this  purpofie, 
and  he  readily  perceived  that  such  a  auppo!?ition  would  have  the  efiert  of 
modifjing  the  intensity  of  the  force  exerted  on  the  moving  body.  H* 
therefore  compqited  what  ought  to  b©  the  velocity  of  gravity,  in  order  that 
the  gradual  transmission  of  that  principle  should  occajiion  the  obserred 
accaleratiou  of  the  moou's  mean  motion,  and  he  arrived  at  the  remarkable 
oosduAioD  that  it  must  exceed  the  velocity  of  light  eight  millions  of 
times.  He  remarked  that  if  a  satisffictory  Account  of  the  origin  of  the 
phenomenon  be  adduced,  without  having  recourse  to  this  hvpothetiis,  it 
would  follow  that  the  effects  of  the  successive  transmission  of  gravity 
would  be  insensible,  find  therefore  the  velocity  mtiat  be  at  lenst  fifty 
millions  of  times  greater  than  the  velocity  of  light ! 

No  further  progress  was  inade  in  this  question  ttntil  the  close  of  fbi* 
year  1787,  when  Laplace  finally  announced  that  he  had  discovered  the 
cause  of  th*  phenomenon  in  the  gradual  diminution  of  the  mean  netion 
of  the  sun,  arising  in  coneequeuc-e  of  the  secular  varialioti  of  the  ec- 
centricity of  tho  terrestrial  orbit  f.  The  mean  action  of  the  sun  upon  the 
moou  tends  to  diminish  the  moon's  gravity  to  the  earth,  and  tliereby 
£5suaes  a  diminution  of  her  angular  velocity.  This  diminution  being  once 
supposed  to  occur,  tho  angular  velocity  would  aftorvvards  remain  constjuit, 
provided  the  mean  solar  action  fllwaya  retained  the  same  value.    This, 

•   Mpth.  dtw  Sovans  felratigcn,  tome  vii. 
t  Mim,  Acad,  dei  ScieiHiu,  171110. 


a  suto  of  contititiAl  though  ioooticmvably  elow  variation,  froni  the 
cf  Che  planets  on  tha  eartb.  This  variation  of  tlie  emlbVi 
idtjr  will*  therefore,  produce  a  corresponding  Tariafion  in  the 
of  tha  fiun ;  ana  the  earth,  in  «>n8«(ju«>noe.  having  moro 
or  leas  power  oyer  the  moos,  will  either  qnick«n  or  THatd  her  angular 
viJas^,  whi^ice  will  en^ue  a  secular  inequality  in  tht^  mean  motion 
toB§mnnhlj  to  otwerrQiion.  Noir,  the  ectcentricity  of  the  earth'a  orbit 
cotitinuailj  dimiiiishiTig  from  the  date  of  the  earliest  rft»rd€>d 
down  to  the  present  time;  hence  the  etin's  mean  w^tiau 
also  bftve  be«n  diminishing,  and  conaequentlj  the  moon's  mean 
must  banre  been  continually  increasing.  Tlu»  acceleration  wilt 
kmg  as  the  earth's  orbit  h  approaching  to^^vgrrls  a  circular 
fattt  M  soon  HB  this  process  ceases,  and  the  orbit  a^uin  Ijeginit  to 
«p«a  out,  the  Bon's  mean  action  will  increase,  and  the  aeceie ration  of  tlte 
■MD%  OMBii  motion  will  he  converted  iato  a  oontijiual  retardalion*. 

L^plMse  QovpQted  tha  urci^tei-atton,  and  founii  it  to  ainmint  to 
W'.lBUkaiZ^,  t  denoting  the  number  of  centuries  before  or  after  the 
jttr  140I.  ThJa  reeult  agrees  as  nearly  as  possible  with  that  which 
iBtjronrjiinets  hare  derived  from  a  comparison  of  ancient  witii  modem 
«b«erratMMW. 

If  tli«  inequaiitT  wore  ligorously  determinable  by  the  preceding  lor* 
mala,  it  would  obvionaly  continue  for  ever  to  increage  in  the  same 
iiitationi  t  ecmdusion  which  would  be  totally  at  variance  with  the  expla^ 
MtioB  W9  lutve  just  given  of  ita  phyfiical  cau&G.  The  I'iict  is,  however, 
itet  tfew  -eoisplete  Malytical  expression  of  it  is  a  periodic  function  of  the 
time,  and  the  quantity  1 'I'M  810*21 3*'  is  merely  the  i^econd  term,  in  the  de- 
ll of  it  t,  tb*  others  bdng  so  etoall  a«  to  admit  of  l^iiig  rejected, 
A8  computation  do«»  not  exi^end  to  more  than  about  aODil  years. 
UtfAaoB,  iBdeed,  ff>and  that  when  the  moon'a  place  waa  calculated  for  the 
<if  Um  Cb&ldetw  observations,  it  would  he  necessary  to  take  into 
the  term  depending  on  tJie  cul)«  of  f.  The  inequality  would  then 
^ «tf«WMd  thus :   10'MHieQiap+0'.0ie58844f*. 

^•nation  of  tha  earth's  eocentricity,  upon  whioh  the  inequality  in 

moon*!?   mean   inolion  depends,   cannot    be   calculatt-d    from    theory 

«  knowUdge  of  the  mii^en  of  t>ie  planets.     When  it  is  t'^onsidorcd 

.Obeertainij  prevails  respecting  tho  masses  of  Mam  and  Venii9,  it  is 

bovr  cloee  the  agreement  is  between  theory  and  observation. 

ify,  the  planet  which  exercia«e  by  far  the  greatest  influence  on 

eMtOtficity  is  Jupiter,  whose  awts  k  easily  derived  from  the  elonga- 

of  his  satellites.     It  is  remarkable  that  the  action  of  the  planets  on 

■oon,  when  transmitted  to  her  iodirectly  through  the  medium  of  the 

X,  shoatd  be  more  conaidemble  than  their  direct  action  upon  her. 

The  fDOtm^  in  the  present  day,  is  about  two  houw  later  in  coming  to  the 

il4oMB«t  anrirwwirilijjr  fdUaw  tlial  b«cBu««  in  inequality  is  ne^cubr  it  rijinuld  intrcaie 

in  Iba  ame  dtnolton,     La|;nnge  found  that  the  «««i;lAr  inei|ualitic»  tti  tbe 

at  iiipit«r  uid  &ilum  were  of  a  recurring  t^harader,  althoit|^h  (hpir  du- 

ledMi  Um  iioniCBH  period  of  70414  yearat    Tbe  ii?cular  inequVilitj  in  the 

LiBAliad,  being  a  mare  cotnplieated  pbtittonKjiioii,  baR  ■  much  lotjgcr  period 

T^  fint  teriD,  being  fWeporUoiifll  to  tho  tiuvflr  ia  abMfbvd  in  the  meaQ  motion,  and 
(bcR&ire  cviaot  form  part  of  Ine  ioequaJiiy  at  deterfmned  bff  obtervatioii. 
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merirlian  than  bIxs  would  have  liean  If  sibe  bad  retained  the  same  meffl^ 
luotiou  fi3  in  tbe  time  of  the  earliest  Chaldeau  observations.  It  is  a 
wonderful  fact  in  the  history  of  science,  that  those  rude  notes  of  the 
priests  of  Bab)'lan  should  escape  the  ruin  of  successive  empires,  and, 
tinaUy,  after  the  lapse  of  nearly  three  thousand  years,  should  become 
fiubservient  in  eBtablisbing  a  phenomenon  of  bo  refined  and  complicated  a 
clmracter  as  tlie  inequality  we  have  just  been  considering. 

Laplace  also  discovered  that  the  hinar  perigee  and  nodes  were  subject  to 
secular  inequalities  from  the  same  cause.     He  found  that  the  inequality  in 
the  perigee  was  to  the  corresponding  inequality  in  the  mean  motiou  as  &3 
to  10,  and  was  subtraetive  from  the  mean  longitude.     He  also  disooT«rad 
that  the  sjecular  inequality  of  the  nodes  amounted  to  seven-tenths  of  thst 
of  the  mean  motion,  and  wm  additive  to  the  mean  longitude.     Thus  it 
appeared  that^  while  the  mean  motion  was  continually  acceleraldd,  the 
perigee  and  nodes  were  continually  retarded,  the  three  ineqnalitie*  being 
as   the  numbers    1,  3,   .7*.      It  hence  also  followed   that  the   moonV 
motions,  with  respect  to  the  sun.  her  perigee,  and  her  nodes,  continoallj 
increased  in  the  ratios  of  1,  4,  0.205.     The  existence  and  mi^mi 
these   inequalities   were  confirmed  in   a  most  satisfactory   manDi 
Bouvard,  who  for  this  purpose  instituted  an  extensive  comparison 
the  ancient  and  modern  obaervations. 

These  great  inequalities  all  depend  on  the  secular  variation  of  the 
earth's  eccentricity.  They  will  contiimally  become  more  perceptible  ts 
ages  roll  on.  but  a  viiet  number  of  yeara  will  elapse  before  they  will  have 
passed  through  all  their  values  \.  They  will  one  day  affect  the  secular 
motion  of  the  moon  to  tbe  extent  of  at  least  the  fortieth  part  of  the 
circumference,  and  that  of  the  perigee  to  the  extent  of  the  thirteenth 
part  J. 

It  might  he  imagined  that  the  secular  variation  in  the  position  of  tho 
ecliptic  would  have  the  effect  of  modifying  the  sun's  action  on  the  moon, 
and  would  in  consequence  disturb  the  mean  inclination  of  the  lunar  orbit. 
Laplace,  however,  found  that  the  moon  was  constantly  maintained  by  tha 
sun  at  the  same  inclination  towards  the  moveable  plane  of  the  ecliptic,  so 
that  her  decliuations  were  subject  to  the  same  secular  changes  as  those 
of  the  sun,  and  were  due  so^lely  to  the  continued  diminution  of  the 
obliquity  of  the  ecliptic. 

It  was  not  until  Laplace  announced  his  discovery  of  the  cause  of  the 
moon's  acceleration,  that  Lagmnge  became  aware  of  the  oversight  he  had 
committed,  while  engi^ed  in  similar  researches  in  1788,  by  neglecting  to 
apply  his  analysis  to  the  moon.  He  now  made  the  required  substitutions, 
and,  computing  the  numerical  value  of  the  inequality,  he  obtained  a  cesult 
which  almost  coincided  with  that  of  Laplace  §. 

We  shall  conclude  thig  historical  notice  of  the  secular  inequalities  of 

*  Since  titi:*  tDi^an  jtiotion  o{  the  ImnRr  peKge^  u  dhvct)  the  effect  of  an  ine^ualitj', 
which  M  sublmdivi]!  from  tlic  m(>an  Longitude,  will  manifestly  be  to  retmd  the  perigee 
bdiind  its  iruc  place.  Oji  the  other  liaiid,  since  the  motion  of  the  node*  h  rttrogradtt 
a  retardation  can  only  take  place  v/hva  the  tncquaUty  i^  additivQ  to  the  mean  longitude. 

f  Leverrier  ha*  found  that  ilic  ectwDtridtv  of  the  terrcsthal  orhit  will  continue  In  dJ- 
tninii^h  during  the  }>criiKl  of  29,980  yeara.  ft  wiU  then  aUain  a  minimtim  value  equal  to 
0,003314.  M£moJm  iur  leu  varialioni  t^culaircs  des  ^LdcDeni  des  arbites  pour  les 
lept  pUn^tcH  principDl(».     See  aUo  Coontuiaiioe  des  Tempt,  1843. 

t  Expoutioti  du  Systeoie  du  Mondii,  tome  li,,  liv.  tv,  cup.  v, 

$  mm.  Acad.  Berlin,  1792  3.  ^ 
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thfl  mooHi,  Willi  a  brief  account  of  two  ollter  remarkaUe  results,  which 
Laplace  derived  from  his  researches  iii  the  lunar  theory.  The  spheroldiil 
figure  of  the  earth  occasions  a  sensible  perturbation  of  the  moon's  motion 
Iboth  in  longitude  and  latitude.  The  iuequality  in  longitude  was  dia- 
oMcnd  by  Miiyer,  who  ivas  ignoinut  of  the  phyfiical  cause  of  it,  but  re- 
prewfiied  it  in  his  tables  hy  an  empiric  equation.  Laplace  derived  the 
eqoatioQ  from  iheorr,  and  found  it  to  <Iepend  on  the  longitude  of  tlie 
iBooa's  Bode.  Burg,  bj  a  compfirison  of  numerous  ol>servatioQi»,  w&s  led 
Id  otbiHUe  the  greatest  TaUie  of  the  coefficient  at  0"J,  Thi^  result 
nves  ^^iry  '**''  ^**^  earth s  elliptifity.  The  inequality  in  latitude  was 
diacovered  b^  Laplace  to  vary  "with  the  sine  of  the  moon's  true  longitude. 
Its  T»la«  was  derived  by  Burg  and  Burckhardt,  froia  the  combiued  ob- 
Krrations  of  Bradley  and  Maskelyn^,  and  was  fixed  by  them  at  —  8",  a 
qus-ntity  which  implies  an  ellipticity  equal  to  ^^  j.b- 

The  agreement  between  the  resulta  derivable  from  these  two  distinct 
e^iiiitioiii!  is  \en*  interesting.  If  the  eoi'th  wero  homogeneous,  it  is  de- 
BMiittTsUe  that  the  elhpticity  would  be  equal  to  ^rlo  ^  it  follows,  then,  that 
the  density  musi  increase  towanlB  the  centre — a  fact  which  we  know  m 
It  true  from  other  sources. 

A  comparisoti  uf  arcs  of  the  meridian,  measured  in  difiTerent  parts  of 
\h&  wortd,  presentjs  a  series  of  anomalous  results,  which  lead  us  to  cou- 
dade  th&t  the  figure  of  the  earth  is  not  that  of  an  exai:t  spheroid.  It  in 
nstarkable,  however,  that  '^^hen  two  ai'cs  are  compared,  the  distance 
ktw^  which  is  so  great  as  to  obvime  tiie  effects  of  any  minute  in- 
eqtiAliti<ra  in  the  spheroidal  figure,  they  indicate  an  ellipticity  almost  equal 
to  that  derived  from  the  lunar  inequalities.  Thus,  the  result  of  a  coin- 
psfiaao  between  a  meridional  ai'c  at  the  equator  and  one  measured  in 
Fcaoeer  i^res  yl-j^  for  the  earth's  ellipticity. 

Aoollt^'  fttriking  result  whiL-h  Laplace  derived  from  his  researches 
•»  the  value  of  the  liutar  parallax.  Among  the  equations  in  longitude, 
ba  baod  one  involving  that  element,  and  varying  with  iho  angular 
'^Matf^  between  the  sun  and  moon.  The  coeOicient  of  Oits  (Equation, 
iliiD  coiBpared  with  observation,  was  found  to  give  6".6  for  the  mean 
nlie  of  tlie  solar  parallax.  This  reiittlt  agrees  with  the  mean  of  tho.<ie 
dteuned  hy  astronomers  from  observations  on  the  tmnsit  of  ^^enus  in 
nw.  "  It  is  very  remm-kable."  says  Laplace,  *'  that  an  aijlranomer, 
intlmtt  leaving  his  obt^ervatory.  by  merely  comparing  hb  observations 
vtdi  analysis,  hiis  hecn  euaUed  to  determine  with  accuracy  the  mag^nituda 
tad  figure  of  the  earth,  and  its  distance  from  the  sun  and  moon,  elements, 
knowledge  of  which  has  beeu  the  fruit  of  long  and  troublesome  voy- 
ni  both  jiemisphei'es.''  * 

*  ExpOfitLoo  du  Syft^me  du  Mond«t  totnc  H.  p.  Bit 
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CHAPTER  VI. 

TUatj  of  the  Figufe  of  (be  Eirth.— Newton.— HiiyBeiM.—Mii!l«iiin.—CI»ii»iiL—Al' 
tisdion  nf  Spheroid*,— D'Alembeft.— LegMdre.—Theoiy  of  LipUce-—MouoiJ  of  lb 
Esrtb  about  it*  Ceattire  of  G»vJty._Nut*tion. — Brad!e|,— InToiiiiilkili  of  EYecniOd 
aiul  NuutioD,  Lj  D'Ak'iDbert_^Tbe  Tide* — EquiUbrimn  Theoiy.— R«Mitli«i  «rf 
Lapboew—StabiUtj  of  the  Ocean. — Libation  «f  ibe  Uoon, — GiJileo.— HevdiiB.— 

!%iftKRi,->Caiiuii Newton*  Eiplanation  of  the  Moon's  Pfapical  Libfalion— Ee- 

seucbet  of  Lagrange.  —  Combinaiioa  of  ihe  Pri&ciple  erf  TJitiul  Vclodlie*  wilh 
t>'Alep)bert'«  Principtt— LapUce  inTestigates  lie  Effect  of  tbo  *ecular  Ineqmlitki  (4 
Ibe  mean  Motion  upon  the  Libn^oa  io  LdlSgiludc  — His  Theory  of  Saturn*  Riil|^ 

The  Figure  of  the  Earth  waa  the  Bret  of  the  subjects  teetiad  of  in  Jmi 
Principifl,  wUkh  engaged  the  attention  of  geometers.  In  16S0  HuygftB* 
published  bii  treatise  *'  De  Causa  GrHvitatia,"  in  which  he  inresti^tM 
the  ratio  of  the  earths  axis  in  accordaneo  with  his  ovu  f lews  of  gran^. 
Asauming  the  density  to  be  homogeneous,  he  imagined,  like  Newton,  twe 
fluid  columns,  reaching  from  the  centre  of  the  earth  to  the  suriWe  ;  one  in 
the  pkne  of  the  equator  and  the  other  along  the  polar  axis.  The  i*rtiel« 
of  the  ©qnatoriai  colunm  were  acted  upon  hy  gravity  and  by  the  oentri/tigM 
force  arising  from  their  ratation :  those  of  the  polar  column  were  afted 
opon  by  gravity  alone.  The  equatorial  particles  being,  therefore.  seyeTailj" 
lighter  than  the  polar,  and  the  two  columns  being  also  in  equilibrium,  it 
was  necessary  that  the  equatorial  cottimu  sbould  conipeuaate,  by  its  stijw* 
rior  length,  for  the  diminished  pressure  of  its.  particles.  Huygetts  as* 
iumed  that  gravity  urged  the  ijarticles  to  the  centre  of  the  ^rtli  witH 
a  force  varying  according  to  tho  inverse  square  of  the  distance.  This 
supposition  was  inconsLitent  with  the  theory  of  gravitation,  for  Newton 
Imd  found  that,  in  consequence  of  the  attraction  of  the  surronnding 
ptirticles,  the  tendency  of  each  particle  to  the  centre  would  vary  in  IJie 
direct  ratio  of  the  tlistance,  We  have  already  remarked,  however,  that 
Huygena  rejected  tho  mutual  attmction  of  the  parKcles  of  matter,  and 
admitted  only  their  gravity  towards  a  central  point.  Having  computed 
the  lengths  of  the  two  columns  on  the  supposition  lliat  they  were  in 
equilibnum,  he  found  that  the  equatorial  column  would  exceed  tho  poUr, 
assumed  equal  t4>  unity,  by  half  the  raUo  of  the  equatorial  centrifugal  foroe, 
to  the  equatorial  grttvitj%  or  by  i  x  ^^  s=  j-^^.  Hence  the  ratio  of  tlws 
two  axes  would  be  as  570  to  R78.  'lie  alW  found  that  the  iucreaae 
gravity  at  the  surface,  from  the  equator  to  the  pole,  would  vary  in  thn 
proportion  of  the  square  of  the  sine  of  the  latitude,  and  that  ihc  total 
increase,  suppo!iitig  the  equatori^  gravity  equal  to  unity,  would  be  equal 
to  twice  the  ratio  of  the  equatorial  centrifugal  foite  to  tlie  equatorial 
gravity,  or  2  x  y^j^.  Thus  tlie  fraction  expressing  the  ellipticil^*  was  tA 
that  expressing  the  total  increase  of  gravity  as  .J  to  3.  Newton's  theotfi 
on  tlie  other  luuul,  gave  the  same  fracdou  in  the  one  case  as  in  the  other; 
both  being  measured  by  ^Ihs  the  mtio  of  the  equatorial  centrifugal  fore* 
to  tho  equatorial  gravity.  It  is  remarkable,  however,  that  the  sum  of  th 
fractions  is  the  same  in  both  theories  for  th©  same  values  of  the  last- 

•  The  ratio  of  ihe  cxcus  of  the  efluatorial  over  the  polar  jixi*  to  the  latter  axh  if 
ItiTined  U)c  triliplJciljr  of  tlic  ipUeroiiL  Hunce,  if  the  polar  axis  be  assumed  cqviA  to  uaity^ 
tbo  ellipticity  wiJL  b«  n>pre<entcd  simply  hy  the  cxceis  of  the  equatorial  ui«  over  it, 


led  rmtio.     Thus,  in  Newton's  theory',  tlii  two  fractions,  being  both 

to  ^  X  jl-^,  their  sum  is  equal  to  ^  x  j^ ;  in  Hnjgens'  tbeorf, 

tbe  same  sum  is  equal  td  ^x,^,   +  3x^  *=  I^t^tb;     These  &te 

odIj  paTticu.lar  casas  of  a  general  tlieorem  discovered  oy  Clairaut,  couuect- 

,    ttg  Uie  ellipdci^  of  sj>heroids  with  the  variation  of  gravity  at  ibeir  eur* 

■^^HL  This  theorem,  indeed,  supposes  the  mutual  gravitation  uf  tba 

Hp^^JB  of  matter,  which  Hu^'gens  refused  to  admit ;  but  tlie  investif^alioii 

'   flf  llai  philosopher  maj  be  considered  as  founded  on  the  same  principle, 

1^  tmagming  the  spberttid  to  be  composed  of  stiata  of  diiTererit  densities  : 

tie  exterior  stratum  being  ingnitely  tare,  and  the  density  tbencd  infirmn 

ngto  the  centre,  where  it  is  infinite. 

xbo  theanea  of  Newton  and  Hujgens  involve  the  two  extnoMCiMA  of 

ieomtf,  and  therefore  assign  the  limits  of  ellipticltj  for  a  hetwrogeiieoui 

i|ilBfaid  revolving  round  a  fixed  axis.      Hence,  ei&oe  there  is  »troug 

muoa  to  believe  that  the  density  of  the  earth  incresBea  towards  ihe  centre, 

it  might  naturally  be  expected  that  the  ellipticity  would  he  comprised 

lMt«e«n  these  limits.      This  conclusion  haa  been  verified  in  the  most 

tidairtofy  Eoanner  by  the  researches  of  astronomers,  who  have  found 

tbat  tha  elUpticity,  whether  as  detennined  by  the  meofiuretnent  of  me- 

ridisnal  acce,  by  ejEperiments  with  the  pendulum,  or  by  observations  on  the 

BOlkn  of  the  moon,  U^  between  -^^^  and  g^,  the  values  as^gned  by  the 

te>  tttramo  aasea  of  the  probleuL. 

■■MMm^  Newton  nor  Huygens  demonstrated  cf  prion  that  tlie  earth 

J^^^^^omih\j  assume  the  form  of  an  oblate  spheroid.    Tiiis  im]>ortfliit 

^?^M^  reaerved  for  Maclaurin*.     In  his  pri^e  memoir  on  llic  Tides, 

vhicfa  appeared  in  1740,  this  distinguished  mathematician  proved,  by  a 

beaotifiit  application  of  the  ancient  geameti^%  tliat  nu  oblate  spheroid 

lid  satisfy  the  conditions  of  equilibrium  of  a  homogeneous  tluid  mass, 

?ring  little  from  a  ppbere,  and  endued  with  a  rotatory  motion  round 

ced  .ucis.     Ha  also  demonstrated  llmt  the  increase  of  gravity  from  the 

itor  to  the  pole  would  vary  as  the  square  of  the  sine  of  the  latitude, 

Umt  the  ratio  of  the  total  increase  to  the  gravity  at  the  equator  would 

saed  by  the  fraction  representing  the  ellipticity,  or.  in  other  words, 

(he  ratio  of  the  equatorial  centrifugal  force  to  tJie  equatorial 

cniTrtT.    Tb«se  results  confirmed  the  ofsxiniptions  of  Newton  ;  but,  as  Utey 

e  founded  on  the  supposition  of  a  homogeneous  0uid,  they  were  not 

ticable  to  the  eartii,  which  evidently  inereased  in  density  towards  th« 

They  formed,  howeveft  an  important  advance  towards  a  more 

tbeorr  of  the  earth's  figure,  and  on  thifl  account  desen*e  to  be 

'   ift  a  Ttluable  contribution  to  Physical  Astronomy.     The  in- 

ly  means  of  which  Maclaurin  orrived  at  these  results  have 

^raiTeraallt  admired  for  their  ingenuity  and  elegance,  and  are  juatly 

>_e^»d«red  as  rivalling,  in  these  r6Bpeet.s»  the  most  finished  modele  of  the 

^^^Kgeomt'ti'T. 

^^^^Pr49  Clftimnt  published  hi^  valuable  treatise  on  the  Figure  of  the 
'  ^Oflt  In  this  work  the  general  equationa  of  the  equilibrium  of  fluids, 
iBdepondently  of  any  hypotheais  with  respect  to  the  density  or  the  law  of 
fl»*  sttrHction,  are  for  the  first  time  given.  By  means  of  these  equations 
Chunuit  inv*-,tiL'uted  the  figure  of  the  earth  on  the  supposition  of  the  den- 
dty  being  h  ous ;  and  he  found,  that  in  this  case  also  an  elliptic 

»id  wou.^  .  ....^iy  the  conditions  of  equilibrium,  provided  the  mass  waa 


Bora  in  ICW,  at  Kilmoddaii,  in  ArgjlbViire ;  died  at  Edinburgh,  in  1 74a 
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disposed  in  concentric  strati  of  siniilai*  fnrms  aud  homogeneous  ile; 
The  ellipticiiie^  of  the  successive  stmta  will  obviously  ttepcnd  on  tlie 
of  tbe  aensity,  and  the  other  conditions  of  the  problem ;  but  GLaituat 
discovered  tliat  the  foUowhify  theorem  is  generally  true : — tka  $u»i  q/  tkt 
fractions  expffssintf  the  t'lUpticittf  mtd  the  inereme  of  gravitif  at  ike  poU  W 
«qU^  to  two  and  a  half  tinim  the  fraction  expre-'isintf  the  ceittrifitffal  force  iU 
the  Mqiiator  ^-^  Thi*  theorem,  combined  with  that  relating  to  the  variation  of 
gravity  Bt  the  surface,  enables  ua  to  determine  the  eHipticity  of  the  eftrtb« 
by  meAiis  of  ohsorvations  on  the  force  of  gravity,  in  two  different  tatitudes. 
Its  peculiar  value  consists  in  being  independent  of  any  hvpothesi^  wiih 
respect  to  the  inteninl  consititution  of  the  eftrth.  We  have  seen  that  tlid 
results  obtained  by  Newton  and  Uuygens  offer  particular  iUuatraiious  of 
this  important  tJieorem,  which  is  generally  designated  by  the  name  of  itt 
inventor.  Little  real  progress  Uae  been  made  in  the  theory  of  the  figure 
of  the  Eaj'th  beyoud  tlie  results  to  nhioh  CLairaut  was  conducted  \t^  his 
admirable  researches  on  tins  occa.'^ion. 

The  actual  ellipticity  of  the  earth  may  be  determined  hj  three  distisifik 
methods.  The  skimpiest  of  these  in  priuciple  depends  on  the  me*smn^ 
nient  of  two  arcs  of  the  meridian  lying  in  ditfcrenl  intitudes.  The  otliar 
two  methods  are  denved  from  the  theorj'  of  gravit4itton.  One  of  these  im 
suggested  by  Clairaut's  theorcra,  and  requires  a  knawledge  of  the  foro«  of 
gravity  in  two  difierent  latitudes.  Thci^c  data  mny  be  found  by  meaitt  ttf 
experiments  with  the  pendulum.  The  other  method,  assigned  by  theory, 
depends  on  the  effect  of  the  earth's  ellipticity  in  diiitnrbing  the  mooik'f 
ntution.  It  may  not  be  uninteresting  to  compare  the  results  obtained  b^ 
the^e  three  methods;  and  for  this  purpo^^e  we  shall  aalect  Uie  examples 
given  by  Mr.  Airy  in  bis  treatise  on  the  Figure  of  the  Earth  f. 

With  respect  to  the  first  method,  Lamliton  measured  an  arc  of  tbfl 
meridiiui  in  Indiii,  comprised  between  iat.  8'  Q'  38"  ,4,  and  lat.  10*  W 
48'' .0,  and  found  its  length  U>  be  lOiilHOn.S  feet.  Swanberg*  on  tha 
other  hand,  meaBur^'d  a  similar  ar*  in  Sweden  from  lat,  05"  31'  3"i"  Jl, 
to  lat.  01**  H'  l%"  .H,  and  found  iti*  length  ol)3;277.5  feet.  These  measona 
*^'*f^  TTJiA.T  "s  the  enrth's  clljplitity. 

A^in,  at  Mndr.i.<i,  in  latitude  VA'*  4'  0",  the  length  of  tlio  scci 
Mnduluni  hti-s  b<?e)i  found  to  be  equal  to  B{>.0-304  im-hes;  iit  MiKiIIa 
Island,  in  latitude  71^  47'  W,  the  corresponding  length  is  iilt-^(t7a 
inches.     These  results  give  j-j^jy  for  the  ellipticity. 

Lastly,  the  coefficient  of  the  inequality  in  the  moons  latitude,  depend- 
ing on  the  spheroidal  figure  of  the  earth,  ii^  found  by  obHervation  to  ba 
equal  to  —  8' ,     This  result  iirdica,tc9  an  ellipticity  eqnnl  to  n-^  «. 

The  near  agreement  of  these  values  of  the  ellipticity.  d'etermineij  by 
methods  so  very  di^isimilar,  constituted  a  powerful  argument  in  favour  of 
the  theory  of  gnivitation. 

It  is  obvigus  that  the  question  relative  to  tho  figure  of  the  earth,  ami 
tha  Tariation  of  graTiiy  at  the  surface,  is  intimately  connected  with  Ut« 
theory  of  the  attraction  of  spheroids.  In  1773  Lagitinj^e  demonsln^ted 
by  analjrsis  the  re-*ultjs  to  which  Slm^laurJu  wa?  oonducteil  by  liLi  r«- 
aearches  on  this  subject,  and  extended  them  to  the  general  form  of  ibo 

•  In  t\m  enundalion  of  ClMr«ul'«  Ihearem,  Uie  uuil  of  furce  u  re{>rc«iite<il  b;  iW 

fKUthriaftlii-al  TnitU  im  tUc  l#iin«r  mid  PlanetJirjr  Pcrtiirhaliun*, 
Tliif  mall  i|o«  nut  tx^nrlv  coincide  trilK  Lii)Iii(v'-<,  un  ar^cttunl  oral  kUhU  di<R.'mwt 
In  the  iait. 


MacUuriu  Wd  limited  his  iavesUgEtion  to  the  attrftclion  of 
stther  contiguous  to  the  surlace  of  the  j^nb^roid,  or  situated  let 
ilB-  interior.  It  was  desintbte,  however,  to  complete  the  theory  of  tho 
flotjeelt  hy  determining  the  attrariion  of  a  point  situated  aujwhere  with* 
oat  lihfr  spheroid.  D'Aleiobert  first  gave  a  theorem,  by  means  of  %liich 
th^al'  in  this  case  might  be  found,  when  the  particle  was  siitunted 

m  th'i  ^  itioa  of  ono  of  the  axes,  and  Legtudj'e  aftt^rwards  discovered 

m  wtfiMar  tlieorem  apphcahle  to  an  exterior  point,  situated  anywhere 
wbtferex'  when  the  attracting  body  vas  an  ellipsoid  of  revolution.  The 
prubiem  for  the  general  case  of  the  ellipsoid  presented  analjtical  diffi- 
callies,  witjcb  oojutiau^d  for  liome  time  to  elude  the  researches  of  the 
■ujst  profound  analyets.  In  I'tSA  Laplace  finally  succeeded  in  etfecting 
tti  aoIotioD.  bat  his  method  was  embarrassed  with  ^enea,  and  did  not  by 
leans  possess  the  elegance  and  perfection  ytlxich  diiitingui^lied  tba 
puts  of  the  theor)'. 
In  1702  Laplace  explained  a  general  theory  of  the  atlractioii  of 
ipsaids.  Hiij  researches  were  based  wholly  uj>on  a  partial  differential 
of  the  -second  order  of  a  very  retaarkable  character,  which  has 
■obsequenily  emplojed  with  great  success  in  many  important  in* 
TfnfiipiTiom  connected  with  the  Fhysico-matbematical  sciences.  By 
ABpiiy  diSereutiaiioD,  be  determined  the  figure  assumed  by  a  hetero- 
HMMWts  uuiss  of  fluid,  diilering  only  in  a  small  degree  from  a  sphere, 
•ad  bj  A  similar  process  be  also  obtained  the  law  of  nttractiou  at  the 
estonuil  etmtum.  His  results  coincided  with  tho^e  to  which  Claimut 
had  been  already  conducted  by  a  [em  direct  anal^'iiis.  The  investigation 
of  this  great  geometer  is  indeed  more  remarkable,  fur  tlio  method  by 
vlueh  he  derives  the  theorems  of  his  predecessors,  than  for  any  new  light 
be  throws  on  the  difficult  subject  to  which  it  relates.  The  calculus  he 
coiploji^  in  it  is  de^^cribed  by  cue  of  the  most  emirieut  mathematicians  of 
the  present  age.  as  the  most  s]»;|jular  in  its  character,  and  the  most 
powvrfiU  in  its  spplicfltion,  which  ha.*?  ever  been  devised  *. 

The  motion  of  the  earth  about  its  centre  of  gravity  was  one  of  those 
great  problems  of  the  ^y^item  of  the  \sorld,  which  demanded  for  its  boIu- 
two  the  most  advanced  priuciplea  of  mechanical  science.  Newton  s  re* 
oniirbr  "i  on  this  subject  have  been  admired  as  one  of  the  mos^t  remark- 
■hte  tiifunpbs  of  lus  genius,  but  a  more  complete  and  systematic  investi- 
^Uidii  was  rendered  desirable  by  the  improved  st^te  of  analytical  me* 
chamca.  Further  researches  were  aleo  called  for  by  Bi'odlay's  discovery 
ifKatation.  It  did  not  escape  the  sagacity  of  Newton,  that  besides  the 
BOtion  which,  occasions  the  Precession  of  the  Equinoxes,  the  earth's  axis 
be  affected  by  an  oscillatory  motion,  arising  ■  from  the  variable 
of  the  plane  of  the  equator  v\iih  respect  to  the  direction  uf  the 
•ao's  disturbing  force  f.  la  fact,  if  we  fiupi>nse  the  earth  to  be  situated 
in  ibe  Temal  equiiioit,  the  sun's  di&turliing  force  will  yann  thro\igh  the 
due  of  ihe  ring  fttrmed  by  the  redundant  matter  at  the  equator,  and, 
Oaf''  ai  produce  no  effect  on  the  position  of  tiiat  plane.     As  tli© 

•artli  1  in  her  course,  the  sun's  force  becoming  inclined  to  the 

liag.  i»iil  lend  to  disturb  itrt  position,  ojid  this  disturbance  will  continually 
iaerea»e  to  the  solsstice,  wliere  the  inclination  reaches  its  raaxiraum. 
FrOB  this  point  the  tendency  of  the  sun  to  disturb  the  ring  continually 
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dirainiahcs,  until  it  finftlly  Tonishes  once  more  upon  the  earth  e  arrival  in 
the  autumnal  equinoji.  wbeu  the  disturbing  force  passes  through  the 
plane  of  the  ring.  The  same  saccessioti  of  changes  will  manifestly  tak« 
place  £nom  the  autumnal  to  the  vernal  equinox.  Ihis  constant  variation 
of  the  influence  of  tlte  euii'a  disturbing  force  upon  the  po^iitiou  of  the  equa- 
tor will  give  rise  to  an  oscillatory  movcmeot  of  the  latter  plane,  which 
will  pass  thro'ugh  its  values  in  the  course  of  half  a  year,  and  it  will  be  ao- 
oompanied  by  a  corresponding  uutation  of  the  earth's  axis  with  respect  to 
the  plane  of  the  ecliptic,  Newton  announced  the  period  of  this  inequality. 
hut  did  not  compute  iti§  value,  deeming  it  too  inconsideTable  to  be  da*' 
tected  by  observation  "*=.  In  &ct,  it  does  not  amount  to  half  a  second  it 
its  maximum.  A  similar  nutation  arises  from  the  action  of  the  moon  on 
the  terrestrial  spheroid.  It  completes  ita  period  )u  half  a  month,  but, 
like  the  solar  nutation,  it  is  quite  insensible. 

But,  if  the  platie  in  which  either  of  the  disturbing  bodies  moves  should 
T*ry  in  position  with  respect  to  the  plane  of  the  equator,  it  is  clear  that  a 
nutation  of  the  earths  a,xis  will  arise,  indepeudetit  of  that  which  we  bftT# 
Just  been  considering.  In  this  case  the  effect  of  the  disturbing  force  wiU 
increase  or  diminish  with  the  increase  or  diminution  of  the  inclination 
between  the  two  pleneR,  and  it  will  give  rise  to  an  inequality,  the  period 
of  which  will  be  equal  to  that  comprised  between  thii  least  and  greatest 
anglte  of  inclinalion.  Since  the  plane  of  the  ecliptic  constantly  preserrei 
the  same  inclination  with  respect  to  the  equator,  at  least,  if  we  neglect 
its  secular  displacement,  no  nutation  of  this  kind  can  art8e  from  the  action 
.of  the  sun.  But  the  case  is  quito  different  when  llw  disturbing  force  of 
the  moon  is  considered.  The  lunar  orbit  is  inclined  to  the  ecliptic  at  an 
iuvariablo  angle,  but,  as  its  nodes  Imve  a  retrograde  motion  upon  that 
plane,  its  inclination  to  the  equator  will  continually  vary.  The  incli- 
nation  of  tho  lunar  orbit  to  the  cdiptic  is  about  S"  6',  and  the  nodei 
perform  a  complete  revolution  in  somewhat  more  than  18  y^irs.  The  in- 
rliuation  to  the  equator  will  therefore  pass  from  its  maximum  to  iL^  mini- 
mum value  in  about  0  years,  varying  to  the  extent  of  1 0^  1  y\\  and  in  the 
succeeding  ft  years  it  will  rotum  to  its  original  state.  Hence  arises  an 
inequality  in  the  motion  of  iho  earth's  axis,  which  eonipletes  ita  period  io 
a  little  more  than  IS  years.  This  ineiiunlity  had  escaped  the  notice  of 
geometers,  until  Bradley  detected  it  by  obBervation.  That  great  as- 
tronomer discovered  irregularities  in  the  places  of  tlie  stars,  which  eould 
not  be  reconciled  either  with  the  phenomenon  of  aberration,  or  with  the 
annual  motion  of  precession.  Having  prosecuted  his  Qlj<}en.-Atioii9  duridf 
H  number  of  years,  he  found  that  the  irregularity  of  each  star 
through  aH  iu  values  in  course  of  a  complete  revolution  of  the 
nodes.  Tbus>  for  example,  be  found  that,  during  the  nine  yea» 
prised  between  17*^7  and  173^,  the  star  y  Draconis  moved  10"  to 
north,  while  during  the  nine  following  years  it  continued  to  move  toul 
wards,  until  it  Jiually  arrived  in  itet  original  position.  He  explained 
these  iiTogularities  by  an  oscillatory  movement  of  the  earth's  axis,  tlie 
[jeriod  of  which  extended  to  a  revolution  of  tho  moon's  nodes.  In  virtue 
of  this  nutation,  the  earth's  axis  alternately  npproaches  to,  and  recedet 
from,  the  plane  of  the  ecliptic,  and  tho  equinoeiinl  points  alternately 
idvance  and  recede  upon  the  same  plane.  Both  of  these  effects  may  be 
accounted  for  by  imagining  the  pole  of  the  equator  to  deicrihe  a  small 


*■  PriticipiB,  book  iii.  prop,  21. 
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tUip«9  in  iho  heavens  round  lU  mean  pl&ce.  the  major  And  minor  axes  of 
the  ellipm  b^iag  18"  and  J  3",  and  tha  former  of  the«e  coinciding  with 
the  circle  of  latitude  passing  through  tlie  mean  pole  of  the  equator. 

Brftdler.  betides  determining  tbe  piM'iod  and  maximuDi  vulue  o(  Xuttw 
tion,  had  the  sagacity  also  to  discover  its  true  physical  cauae.  It  now 
remained  for  geometers  to  compute  (be  inequality  by  thet>ry.  In  1741* 
D'Alenibert  piibHshed  hia  rmporlant  work  on  the  Precession  of  the  Equi- 
attiea,  which  contained  a  rigoroua  inTestigation  of  the  motion  of  the  earth 
abotit  its  aentro  of  grmvity.  The  quantities  of  procession  and  imtation, 
ulian  oompotdd  W  theory,  were  found  to  accord  in  the  most  satiefactorj 
mmtar  with  obfiervation.  Solutions  of  the  fiatne  grent  problem,  dift'eriug 
won  OT  less  from  each  other,  were  soon  afterwards  given  by  Euler,  Frbi, 
Tfaonm  Simpson,  and  several  other  geometers.  Laplace  at  a  later  period 
eiamined  the  effect  which  might  be  produced  on  the  motion  of  the  ewrth's 
una  by  the  Huid  ftate  of  the  ocean,  rmd  he  was  conducted  to  the  following 
motfuhle  ctmcltision : — tha  motion  nf  the  earth's  tirit  U  ifu  tame  at  if 
tItKmkoie  teaformrd  a  tolid  mast  ndkerinff  tn  itt  stirface. 

Ahottt  the  time  that  geometan  resumed  the  considenitiou  of  the  figure  of 
tke  eutfa.  their  attention  was  aleo  directed  to  the  theory  of  the  Tides.  The 
Academy  of  SdenOM  of  Paris  having  proposed  it  m  the  subject  of  their  priise 
of  1 7 10,  four  individuals  were  considered  to  poaso'^s  jtistclaitns  to  distinction, 
wd  the  prize  was  shared  among  them.  Three  of  these,  Euler,  Maclaorin, 
tnd  Daniel  Itemouilli,  adopted  the  principle  of  gravftation  oa  the  basis  of 
their  reapective  investigations ;  the  fourth,  Father  Cavalleri,  endeavoured 
to  tocpkiti  the  phenomena  by  the  system  of  vortices.  This  ^as  the  la^^t 
]lQIMiQrpud  to  the  Cartesian  theory,  which  soon  afiervi-ards  sank  into  total 

fion.  The  three  geometers  first  mentioned  supposed  that  the  action 
e  sun  or  moon  upon  tho  ocean  drow  the  earth  every  instant  into  the 
of  an  aqueoDS  spheroid,  whitrh  would  be  niaintuined  in  equilibrium 
if  the  /bftes  continued  to  operate  tritli  the  sumo  in  tenuity  and  in  the  same 
fimetkm.  This  was  termed  the  ei|uitibntitm  theory,  and  it  is  manifest 
ftrot  Ite  ftmdamental  principle  tliat  the  reaeaj%bda  suggested  by  it  essen- 
ti^y  eoincitled  ^rith  those  relating  to  the  figure  of  the  earth.  In  reality, 
however,  the  continual  change  in  the  positions  of  the  sun  oiid  moon  with 
respect  to  the  eArih  does  not  nlbw  the  waters  of  tho  ocean  to  attain  a 
state  of  equiUbrium,  and  it  is  by  the  mutual  blending  of  the  oscillations 
hence  arising  that  the  diflereut  phenomena  of  the  tides  are  occHsloned 
The  queisiion  is  therefore  one  of  d}'numics,  and  not  of  statics.  Lnplaco 
fir»t  cofisidered  tlie  subject  in  its  proper  light,  its  investigation  having 
recently  very  much  fiicilituted  by  the  researcbes  of  D'Alerabei't  on 
lotion  of  fluids,  and  by  bis  inventiou  of  the  calculus  of  partial  dif- 
The  theory  of  JLApIace,  although  generally  allowed  to  \m  a 
tShft  of  mathematical  genius,  is  based  uptm  two  suppositiotis.  which 
'  lonciled  with  tho  real  oondition  of  tht^^  e<irtli.  These  are— Ist, 
>\b  exterior  atftrtum  of  the  earth  is  covered  with  an  aqueou.-* 
■^n*i,  that  the  depth  of  the  ocean  is  uniform  tindt-r  the  same  paral- 
Illl  of  lAtitude.  Pi^icovcring  tho  impo.'^aiibility  of  adapting  hi:^  results  to 
tlvaetnal  state  of  the  Tides,  on  account  of  the  inilucrice  t>f  a  mtiltitude  of 
dscBDMluioes  which  conld  not  be  ascertained  with  precision,  mid  even  if 
Huyrnvn  sp  ascertained  could  not  be  introduced  into  bis  theory,  he  wai^ 
eeorpeUed  to  assume  as  a  gcneml  principle  that  the  oscillations  of  tho 
waters  of  the  ocean  are  peiiodical,  liko  the  forces  which  produce  them,  but 
Jttt  they  axe  not  necessarily  proportional  to  the  magnitudes  of  those  forces. 
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^  Mol^MK  tf  Ike  sa  will  be  e^cpressed  bj 

Viimg  the  tame  in.  both 

watSv  nMriei  at  tvM«Be^^  ts  as  ecnoa  if  tke  difficulties  of  the 

n<^  nrfhrr  jhi  ■  rrii  ruM^aiwr  rftlw     ladeed,  it  is  nov  generaJh 

tbft  a  k^  c«H9e  itf  •hnnatkas.  csoiwiled  with  great  sk^l, 

•I  iIm  iriSul  vUifa  aWl  te  flf  asT  aanw  ia  the  coitsimrtion  of  Acco- 
aleTiirSka. 

Aa  inlfiriiiae  ftation  whkk  Ijnlaee  «aaiteteJ  in  connexion  «ith 
flHl«flheTiiei«Mtheslabilstf  oftteOeam.  It  is  import  ant  to  know 
vkcAer  ibe  niwJirioBi  of  the  oMaa  is  aoeii  tlwt  any  distttniance  vrhtch  it 
■H^it  mAbt  vovld  pn4aBe  aoiy  SeDipoarjr  owfflatiMDB,  in  ooixree  of  whidi 
Ae  viieis  vimM  gndbaSjr  mIi^^  iido  their  femer  posttioo,  or  vhethffi 
Ihemmii^un  is  eo  vastahie  that  tlie eenmwiafifation  of  a  small  qoftadl; 
•f  iBotam  wudd  caoae  dM  waleaB  lo  kaTs  thar  ordinaiT  bed  and  ov•^ 
wMza  the  whole  smftee  of  the  eaith.  I^plaee  iumd  thai  the  eqiuUbjium 
«mIj  he  ataltb  pnmded  die  density  of  the  aea  was  less  tb&n  the  mew 
immtf  lit  the  eank.  Now,  tJbe  rarioos  exp^iments  made  on  the  attrao- 
tioo  m  mi«iitaifi&.  and  those  executed  for  a  simiUr  purpose  ^itli  the  to^ 
iioa  faalance  of  Cavendish^  all  concur  in  showing  th;3^t  the  mean  densitj  of 
tbe  eatth  b  itboat  five  times  the  df nsitr  of  the  sea.  AVe  are  the^ore 
taiwwil  that,  under  the  present  constitution  of  the  material  universe,  tJu 
hia  of  the  eanh  will  not  be  liable  to  any  oTerwlielming  inundation  of  the 
WftifS  of  Che  ^caui,  a  eonclusioa  which  beautifully  illui^trates  the  kc- 
gttige  of  Scriptore — ■"  hitherto  shah  thou  come,  and  no  further."  * 

Another  important  subject  which  soon  afterwards  engaged  the  atten- 
tion of  geometere  was  the  libratiou  of  the  moon.     It  had  been  remarked, 
from  the  most  ancient  times,  that  the  moon  turns  the  same  side  towards 
the  earth  thimighout  the  entire  course  of  every  revolution.     A  curious 
eonaaguence  of  this  fact  is,  that  the  motion  of  that  bodr  round  the  eartli 
ii  AMttl  to  her  motion  round  her  axis.     It  is  singular,  however,  that  this 
MHielarioii  does  not  appear  to  have  suggested  itself  to  astronomers  nntil 
the  revival  of  scieuce  in  modem  times.     Galileo  first  dbcovered  that  the 
afipeaiunre  of  the  moon  s  surface  is  subject  to  a  slight  variation,  df  ijeud- 
itig  on  her  aliitufle  above  the  horizon.     This  fact  he  rightly  exploiued  by 
the  ranalfle  iKjaitipn  of  a  spectator  at  the  earlli's  surface  od  account  of  the 
diurnal  motiuD.    In  fact,  unless  the  moon  l>e  in  the  zenith,  a  spectator  always 
v\e/m9  her  in  a  direction  different  more  or  less  from  that  in  which  he  wonid 
view  her  if  lie  were  placed  at  the  centre  of  the  earth.    This  phenomenon,  in 
coDscqiicuce  of  jiaasing  through  all  its  phases  in  twenty  four  hours,  has  been 
dciignatcd  the  diurnal  libration  of  the  moon.    Hevelius  discovered  a  similar 
libmtion  itt  longitude,  which  he  ascribed  to  the  dispUcement  of  \he  centre 
of  th«!  orbit  from  the  centre  of  motion ;  but  Kewton  first  gave  a  clear  expla.' 
natiijuof  thin.  phenQmeaon  in  a  letter  addressed  to  Mercator,  which  ap]ie*ired 
in  a  work  on  itntronomy,  published  by  that  individual  iu  the  year  IUjOi 
He  showed  llmt  it  arose  from  the  inequalities  of  the  moon  in  longitude 
cittuiijig  the  angle  described  by  her  ixiund  the  earth  sometimes  to  exceed 
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angle  described  by  lier  rouud  ln?r  axis,  and  other  times 

the  same  angle  :  wlience  it  happened,  that  the  great  circle 

{brmed   by  the  intersection  of  the  lunar  surface  \sith  a  plane  passing 

tktt^agb  the  tnoon's  centra,  and  perpendicular  to  the  line  joining  the  earth 

lid  noon  (^hich  great  circle  determines  the  lunar  heiuispbere  visible  to 

tiM  0pectKt<>r).  does  not  maintain  a  ijxed  {Motion,  but  oscillates  eonttnu^lly 

roaiia  B  toeau  Blute.     Hence  the  moon  will  appear  to  libntie  continually 

and  fro  in  the  plane  of  her  motion.     In  the  same  letter  Neitton  ex* 

led  the  libratioo  in  latitude,  which  arises  in  consequence  of  the  moon's 

^bcis  of  rotation  being  inclined  to  lier  orbits    This  phecomenon,  like  the 

two  already  mentioned,  is  purely  optical. 

CiS&iiii'is  the  next  person  whose  resenrthes  contributed  to  throw  light 

rthis  iutei^sting  subject.     This  astronomer  disi^overed  the  renmrk- 
Eiet,  that  the  nodes  of  the  moon's  equator  always  coincide  Trith  the 
leJK  of  her  orbit.     He  also  found  tl^at  r.  plane  druAK-n  through  the  moouH 
mmtKi  purallel  to  the  plane  of  the  eclipiic,  is  always  contiviued  between  the 
ohaes  of  her  equator  and  orbit^  &o  that  the  poles  of  the  latter  ore  con- 
stantly situated  in  the  same  p"eat  circle  with  the  pole  of  the  ecliptic,  but 
<m  oMtosita  sidc'-s  of  it.     He  lixed  the  inclination  of  the  lunar  equator  to 
the  ecliptic  at  Ji''  30'. 
Kater.  abont  the  middle  of  the  last  century,  undertook  an  extensire 
of  obsei'^alions  for  the  purpose  of  verifying  the  conclusions  of  t'aa- 
He  meftsured  the  distance  between  the  nodes  of  the  equator  and 
and  found  it  to  aniouut  to  3"^  3(J',     He  remarked,  however,  that  the 
jtoent  might  be  considered  as  absolutely  insensible,  since  its  de- 
itioui  depended  on  the  inclination  of  the  lunar  equator,  an  error  in 
iliSeii  of  only  5'  wuuld  produce  a  corrcs-ix^nding  error  of  iny  or  ^S"  in  the 
djflptmce  between  the  nodes.     He  fixed  the  inclination  of  the  lunar  equator 
at  I*  45',  a  quantity  cousiderjibly  less  thun  the  correspondhig  ealimate 
of  Oasaini,     Lalande,  a  short  time  afterwards,  made  obsers'alions  on  the 
IDOOD,  and  arrived  at  ronclu^ions  whiclt  nminly  agreed  witli  those   of 
Usyer,  but  he  obtained  2'  0'  for  the  inclinauon  of  the  lunar  equator. 
Btteot  ohiexvations  have,  however,  completely  confirmed  the  valine  as- 
eig&ed  Id  that  element  hy  t!ie  illufilnous  astronomer  of  Outtingen. 

The  Bbralions  we  have  hitherto  mentioned  are  apparent,  not  real ;  for  they 
do  not  depend  upon  any  actual  inequality  in  the  motion  of  the  moon  round 
Itw  axis.  Newton,  however,  did  not  fail  to  perceive  that  the  action  of  the 
eanfa  vould,  under  certain  conditions,  affect  the  figure  of  the  moon,  and 
would  thereby  occasion  a  real  vai'iation  of  her  rotatorj'  motion.  Proceed- 
'»g  upon  the  supposition  that  ?.he  was  originally  in  a  fluid  state,  he  con- 
ludf d  that  the  terrestrial  atlractiqn  wotdd  draw  her  into  the  form  of  a 
id.  the  longer  axis  of  which,  when  produced,  would  pass  through 
s  centre.  Comjiaring  this  pheuoratnon  with  the  tidal  spheitiid, 
MBinoiied  by  the  action  of  the  moon  upm  the  earth,  be  found  that  the 
dtameter  of  the  lunar  spheroid,  which  is  directed  towards  the  earthy  wutild 
ttoeed  the  diameter  at  right  angles  to  it  by  186  feet.  He  discovered  in 
this  «loDgation  of  the  moon  the  cause  why  she  always  turns  the  same  side 

Ilowarda  the  earth,  for  he  remarked  that  in  any  other  position  the  action 
vi  the  earth  would  not  maintain  her  in  equilibrium,  but  would  constantly 
imw  her  hack,  until  the  elongated  ajds  coincided  in  direction  with  the  line 
pimsg  die  6arth  and  moon.  Aow^  in  consequence  of  the  inequalities  of 
tbo  QioOD  in  longitude,  the  elongated  n.xis  will  not  always  be  directed 
txflctlj  to  tiie  earth.    !Newt0Q  therefore  concluded  that  a  real  Ubratiou  of 
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Ihe  moon  irould  ensue,  in  virtue  of  which  the  elongated  Rxis  wmild  oscfl- 
Iftte  perpetually  on  each  side  of  its  mean  place. 

D'Alembert  was  the  first  of  Newton's  successors  who  undertook  to  in* 
vestigate  the  subiect  of  the  moon's  physicd.  libration.  la  1754  this 
ji^reat  geometer,  encouraged  by  his  researches  on  the  Precesaiou  of  the 
Equinoxes,  applied  the  same  method  of  investigation  to  the  problem  of 
tJho  tnoou's  motion  about  her  centre  of  graviiy.  He  did  not,  however, 
pay  sufficient  attention  to  the  roodiiication  rendered  necessary  by  the 
alow  rotatory  motion  of  the  moon,  and  the  near  commeusurabilily  of 
the  motions  of  revolution  »nd  rotation.  For  these  reasons  the  results 
obtained  by  liim  did  not  accord  so  well  mih  observation  as  those  to  which 
he  was  conducted  by  hia  previous  researches  of  a  similar  kind  relative  to 
the  nioUon  of  the  earth.  The  Academy  of  Sciences  of  Paris  haTin;^ 
offered  their  prize  of  1764  for  a  complete  theory  of  the  moon's  libnation, 
Lagrauge  roniposed  an  admirable  memoir  on  the  subiect,  which  obUined 
fur  him  the  prize.  It  was  in  this  invtjstigation  that  he  first  employed  the 
principle  of  virintil  velocities  in  combination  with  the  dynamical  principle 
recently  discovered  by  D'Alembert.  By  tliis  step  he  reduced  every  ques- 
tion relating  to  the  motion  of  a  system  of  bodies*  to  the  integration  of  a 
series  of  differential  equations  of  the  fiecond  order,  whence  the  only  dif- 
ficulties that  remained  to  be  overcome  were  those  of  a  purely  analytit-al 
DAtare.  This  retined  conception  forms  the  basis  of  his  celebrated  work, 
li^^Mtcaniqua  Anahjtiqut,  whiQli  he  published  at  a  subsequent  period!  of  his 
life,  and  in  which  all  the  great  problems  of  mechanical  acieuoe  are  invet- 
tigated  by  a  process  divested  of  every  trace  of  geometrical  reasoning. 

Lagrange,  iu  the  memujr  nboi'e  mentioned,  proceeded  first  to  consider 
the  figure  which  the  moou  would  assume  in  consequenea  of  the  varioua 
fonwB  exerted  upon  the  pai-ticlea  composing  her  mass,  which  he  supposed, 
with  Newton,  to  have  been  originally  in  a  Huid  state.  It  does  not  appear 
to  have  occurred  to  the  latter,  that  the  centrifugal  force  generated  by  the 
rotatory  motion  of  the  moon  would  atVect  her  tignre  to  an  extent  com- 
parable with  the  effect  occasioned  by  the  action  of  tlie  earth,  Lngrange, 
however,  found  that  both  effects  were  of  the  satne  order,  and  tJiat  the  moou 
would  in  reality  acquire  the  form  of  an  ellipsoid,  the  greatest  axis  l^^ing 
directed  towards  the  earth,  and  the  least  being  peq>endicular  to  the  plane 
of  the  equator.  Tbe  greatest  axis,  and  the  mean  axis,  mil  both  lie  in  the 
laat-mentiuned  plane;  the  mean  position  of  which,  as  we  have  already  stated, 
is  pamllel  to  tho  plane  of  the  ecliptic,  Lagrange  also  found  that  the  exoeas 
of  the  axi^  turned  towards  the  earth  over  the  leaat  axis  was  four  times 
greiittf  than  the  excess  of  tho  asiis  at  right  angles  to  it  over  the  same  axis^ 

Considering  nent  the  efiect  of  the  earth's  attraction  upon  the  rotatory 
motion  of  the  moon,  Lagrange  found  that  tbe  meati  motion  would  bo 
affected  by  a  scries  of  inequalities  corresponding  to  those  of  the  mean 
motion  iu  longitude.  Tho  velocity  of  rotatiou  is  on  this  account  aome- 
times  occelemted  beyond  its  mean  state,  and  at  other  times  retarded  behind 
it,  whence  there  ensues  a  real  libration  similar  to  that  remarked  by  New- 
ton. Lagrange  shewed  that  it  was  not  necessaiy  to  suppose  that  at  the 
oripin  the  motions  of  rotation  and  revolution  were  ex.actly  equal.  If  they 
differed  by  an  arbitnuy  quantity  conlined  within  certain  narrow  limits, 
tho  oli'ect  of  thi^  diflerence  would  be  merely  to  occasion  a  slight  inequality, 
in  the  motion  of  rotation,  in  virtue  of  which  the  axis  directed  towards  the 
earth  would  librate  continually  on  each  side  of  the  line  joining  the  earth 
and  moon.    The  most  careful  observations  of  the  moon's  aurfac-e  have  not 


HTsnmr  or  rarsrcAt-  asthonomy. 


n 


^_     Tbec 


£tdos«d  to  Mtnmomefs  a&j  tncea  of  a  tibratot7  motion  of  this  duu-acter; 
wb0oo«  we  nur  conelud«  ihftt  the  motions  of  ruuition  and  revolution  did 
not  ortgtnallT  diffor  by  a  sensible  qiiauttty*. 

Iji^f^i}^'^  '^"^'f  considered  th(*  libration  of  the  tn(ton  in  Itititade.  In 
dnt  twtii  1  not  succfied  in  e.xplaiuini?  the  sin^lar  fact  disoovored 

bjr  CtoWhi  rriiuive  ti>  tlie  coincidence  of  the  nodeti  of  the  lunar  orbit  and 
oqoatpr.  When  bp  ftssitraed  this  coincid«nce  in  ih«s  outset  of  hia  re- 
■iMtihcB,  he  fonnd  that  the  lunnr  equfttor.  instead  of  being  liited  Ts<jth 
mqwet  to  the  eclijuie,  continufll)^'  npprourli^d  townrds  thut  plane,  while 
obverroiioti  on  the  oUier  hand  went  to  prove  thwt  it  wrts  inclined  to  it  al 
neaHj  an  iuvariubjtj  angle.  Tins  portion  of  his  researches  b«ing  imper- 
f*rt,  be  resiinied  ttio  Hubject  fifteen  jearM  aftervmrds.  nnd  in  the  volume 
at  tba  Berlin  Acad^mv  for  I'l^n,  hn  piibliKhed  an  admimble  moraoit',  in 
vlsidi  be  coini  tlieory  of  th^  mnon's  motioji  about  her  oentj-e  of 

BSvity.     On  i  i^m  lio  wna  nonducted  to  the  remarkabla  condusion, 

diat  if  the  mean  nodes  of  tho  huiar  equator  and  orbit  be  supposed  to 
hmrm  origitifl]ly  coincided,  the  no) ion  nf  tho  earth  upon  thf^  hm«r  ellipsoid 
would  constantly  maintAin  this  coincidence.  He  also  dctf^rminod  tho  lavri 
of  tli4*  snttU  oscillationa.  by  which  the  tmo  nodo  of  the  luiuir  cqu&tor 
deviAt^  from  the  mean  nodtf. 

TTae  only  question  connected  with  this  subject  which  «iill  remained  to 
ejUHBiilitd  was  the  effect  which  the  secular  inequalitifH  in  the  mean 
of  the  moon  might  pmduco  mxin  the  appearance  of  the  lunar 
Theise  inequnlities  will  one  day  demnge  the  mean  place  nf  the 
mton  to  the  extent  of  several  circumferences  of  the  circle,  and  if  the 
IDtala^  motion  of  the  moon  retnniDed  cons^tant  during  the  whole  period 
ti  ib«ir  developcment,  the  inevitable  consequence  would  be,  that  tho  moon 
woold  present  the  whole  of  her  surface  in  gradual  succesaion  towards  the 

*  gnr«rat  wniUn  on  utronomr,  nhen  de«rribin|i!'  the  various  lihration«  of  the  moon, 
iluii  the  fourth,  or  phyiJfAl  libmtion,  ffas  discov^'red  by  LtftntiBf-,  If  tbU  rafen 
liie  tilcir»tur>  motion  mcnUoDeit  in  (he  test,  it  ainnot  be  called  a  diicovcrvt  tnitx  itc 
hu  not  yet  been  establk^ied  by  oatruiiumerj.  The  only  real  libraiion 
iion  hn  detected  is  fhnt  dcpentfing  on  the  lunar  {ncf|itahtiGs  iti  longitude 
iTiual  eflualion  ;  see  Chapter  XL),  and  (his phcnooiUTion  wii»  first  remarked 
lied  truth  oy  ihe  gfv^t  fouiKler  of  Physical  Agronomy,  who  unfolded  the  whole 
pf  the  fiUnc^lary  system,  and  by  his  utirivalled  taflacity  anticipated  those  result 
w/UA  ktt  loceenQn,  by  the  aid  of  a  refincct  annlysii,  have  oeen  enablc^d  only  to  corthrm 
aicUOML  Laplace  u  Mnprticd  that  Ntnvtou  should  have  failed  to  notiec  thnit,  in  onier 
toaMaM  the  esoitiitt  cquntity  of  the  niutioni  of  rotation  and  revolution,  it  was  nnt  abso- 
BiHiT  that  at  the  origin  they  ihould  have  been  exactly  equal.  Thi;,  howei'er, 
h*  eodttdcKd  ta  a  natural  corullary  to  tlxc  remark  of  Newton,  that  any  dJAturbdnoa 
ekiBgaled  i»i»  of  the  moon  would  merely  Tt'*tj|t  in  an  owillatory  motion  on  nch 
~  ito  loean  ptace ;  for  the  powibility  of  AllnwtPK  the  arbiirsry  conManta  of  any 
tvy  a  lildt;  Oil  cadi  *ide  of  n  tnntiu  ttate,  without  occa*iotTin(t  ^ny  permanent 
nt  of  the  t-ystem,  is  a  itianirest  attribute  of  the  conditinn  of  ALibIc  equilibrium, 
■  condition  is  clearly  implied  in  Newton's  wordi ;—"  Undo  nd  hunc  »ituni 
oacinando  redibit."— -Princi'p.,  lib.  iii.  prop.  xx^iriiL  If  the  motions  of  rotation 
ion  had  differed  a  little  at  tho  origin,  a»  Laplace  conceived  they  tnightf  it  is 
the  tlonpited  vii*  would  not  hara  coincided  exactly  with  the  line  joining  Ihe 
moon ;  «nd  hence,  according;  to  Newtou't  etatemcnt,  it  would  oaeiliaic  con- 
OV  each  *idc  of  that  tine,  Newton,  however,  ovidontly  rafers  to  the  diJTcrence  in 
■otfoni  occasioned  by  the  inequalities  in  the  moon's  lonf^ttude'  U  is  natural 
,  tlidecdt  to  luppow  thut  the  illuslrioLi^  author  of  the  Principia  did  not  feel  any 
titiy  10  r«pudiale  um  C^ginal  equality  of  the  mntion»  of  rolalion  and  revolution — & 
jtKiD  iKhiait  altbdufh  liMhitH  diAicult  to  espbiti  by  the  doctrine  of  chances,  becomes 
*9y  ttitCKStiMg  and  sti^estivc  when  it  is  contidered  as  the  result  of  Supreme  lotel- 
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earth.  Laplaco  investigated  this  interesting  (jwestton,  atid  arriireil  at  the 
oouclusion  tlmt  such  a  conrlition  was  iucousistent  with  the  tlieorj"  of  gra* 
vitaLioD.  He  found,  in  fa*'t,  that  the  terrestrial  attrjsctiou  would  always 
difaw  the  moon's  axis  into  comcidence  mill  the  line  joining  the  eaith 
and  mooii,  so  that  the  rotator)'  molioti  will  participate  io  tiie  secular  oiooe- 
lei*ation  of  the  motion  in  longitude,  and  consequently  tlie  lanar  hemi- 
sphere, which  is  turned  away  from  us,  will  remain  for  ever  concealed  from 
view,  wjih  the  ejceptioii  of  the  bBiall  portion  dijsclosed  by  the  periodic 
inequaUties. 

Lupkce  has  considered  the  circumstances  which  determine  the.  «tar 
hility  of  the  singular  mechanism  with  which  the  planet  Saturn  is 
furabhed-  He  considers  that  the  rotatory  motion  of  the  rings  may  be 
Accounted  for  by  supposing  tlie  pai'ticles  composing  them  to  be  hciuioge- 
neouB,  and  to  move  freely  among  each  other  like  the  particles  of  a 
Huid,  Under  such  oouditious,  he  shews  that  they  would  he  maintained  in 
equilibrium  by  the  action  of  the  planet  and  the  centrifugal  force  generated 
by  tlioir  own  rotatory  motion,  the  exterior  surfaces  assumed  by  both  rings 
being  such,  that  all  section^}  perpendicular  to  them,  and  parsing  ihrough 
the  centre  of  the  planet,  would  be  elHpses,  whf>se  miyor  axes  v;hea  producid 
would  pas3  through  that  point.  Laplace  heuce  conclude rl  tlmi  the  period  of 
the  rotation  of  the  rings  is  equal  to  that  of  a  gatellile  revolving  at  the 
distance  of  the  centre  of  tho  generating  elUpse.  This  period  he  found  le 
be  eqiuil  to  lOh,  33'. 35".  It  is  reraarknble  that  Herschel  juferred,  from 
certain  periodic  changes  in  the  appearance  of  the  rings,  that  they  oceom- 
pliehed  a  revolution  round  the  planet  in  lOh.  3'3MG"*. 

If  the  rings  were  uniform  and  circular,  ajid  were  not  expoacd  to  tlie 
action  of  any  extraneous  force,  it  would  still  be  posaihk  for  them  to  vt* 
I'olvo  constantly  round  tbo  i>lauet;  but  it  is  clear  that  the  least  disturb- 
ance, as  the  action  of  a  satellite  or  comet,  would  alTect  their  stability,  and 
ultimately  predpitate  them  upon  the  body  of  the  planet.  In  order,  there- 
fore, to  assure  the  permanence  of  the  rings,  Laplace  conceived  thai  it  was 
necessary  to  suppose  their  figures  to  he  irregular,  so  that  any  disturbance 
eit)ier  of  them  might  sulTer  would  be  i-apidly  checked  in  course  of  roU' 
tion  by  the  unefjual  distribution  of  the  mass. 
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Jiipiter'j  SalellSles.'^GiilDcow — SiniDtv  Mariii5.^Hodicrtitt._BorelU. — Cisilni. — His  Gnl 
Tables. — He  bint  tied  to  pVaticecHe  publiihes  hU  fierond  Tables. — His  Rejectton  or 
th«  E<iuation  of  Light.  — RcEearclsPS  of  Maraldi  1. —  He  discovers  that  Ihe  InclinRtinn 
of  tlic  second  Salellitc  is  variablt. —  Bradlcj'A  Discoveries,  — Maraldi  11— Hjf  Di*- 
coveric*  rclatiie  to  the  tbird  and  fourth  Salcthtcs.— lie  adopts  the  Kquatioii^  of  Light. 
.^Wugeiitin.— He  dii^covers  the  InequalUieii  In  Longitude  of  Uie  <int  and  ucomi 
SateDUei.— He  remarks  ihdt  ihe  tbird  SsiteJItle  has  tvri}  tvquationi  of  tbe  Ccntrv.^' 
Motion  of  ibe  Node*  of  the  foiirtb  SalelliW.— Indijiiiliun  of  ihe  third  SslelUte. — 
JLibratory  Motion  of  tlie  Kodc«..~tnclitiatbti  of  the  founh  SalvUilt?, 

Tke  discovery  of  JopJter'B  satellites  is  one  of  the  moat  interesting  events 
lu  tbe  history  of  aulrouomy.     Even  in  any  age  it  would  have  been  deemed 

•  Phil.  Tn.au  1700. 


fei  iiQporUtit  eoulribation  to  science ;  but  in  the  beginnrng  of  the  seveu' 

leenth  c^ntun',  when  men's  miuda  were  wavering  between  the  ancient 

and  modem  itlerts  of  the  system  cyf  the  world,  it  exercised  ttn  influence  of 

which  it  is  irapo:i»^ihle  to  form  an  adequate  cuaceptloti  in  the  preseot  day. 

The  existence  of  four  bodii^s  revolving  round  one  of  i!ie  principal  planets 

^^t  UiesoUr  svisteti],  exhibited  a  beautiful  ilhistratiou  of  the  moon's  motion 

^Bkind  the  earth,  aud  furuished  an  argameut  of  overwhelming  force  in 

^K»our  of  the  Copeinicaii  theory.     The  aiitiouucement  of  tJiia  fact  pointed 

^Hot  also  lite  long  vista  of  similar  diseoveries  which  have  continued  from 

^Hbne  to  titne  dowu  to  the  present  day  to  enrich  tlie  solar  systtcm,  and  tu 

^^Bbed  a.  lustre  on  Uie  ecieitce  of  astronomy.     Jn  more  recent  times  ilie 

pbysical  theory  of  Jupiier  and  his  altenditnti  has  supplied  evidence  of  tha 

moat  TRried  and  satisfactory  character  in  favour  of  the  principle  of  Uni- 

lerstl  Gravitaiion,     All  the  irregularities  Tvhich  arise  from  the  nmiual 

*rt»n  r>f  the  larger  bodies  of  the  system  are  here  exhibited  in  miniaiure. 

\^' also  offers  peculifit  ailvaut/iffes  to  the  mathematician,  for,  as 

^       I  illy  pass  through  all  their  values  in  short  periods,  their  real 

ciiimcter  is  readily  appreciable,  and  on  this  account  ibey  are  eminently 

fiiTourable  for  testing  t!ie  conclusions  of  his  theorj-,     Xor  in  it  merely  in 

its*  relation  to  sspeculative  science  that  the  diseoveiy  of  Jupiter's  satellites 

id  tij  be  regarded  as  of  capital  importance.     The  eclipsca  of  these  bodies 

won  suggested  a  new  solution  of  the  great  problem  of  tlie  longitude. 

Their  Lheorr  thus  came  tx>  be  maaociatcrl  with  one  of  tho^e  questions 

which  most  deeply  affect  the  progress  of  civilizatJon — the  promotion  of 

mutual  intercouriie  between  the  various  nations  of  mankind, — ^and  a  more 

eiiniesit  and  more  generally  ditfused  interest  was  naturally  felt  in  the  re- 

tltfarches  connected  with  its  improvement, 
[  When  Galileo  first  turned  liis  telescope  to  tlie  planets,  he  was  delighted 
Id  peroei^e  that  they  exhibited  a  round  appearance  like  the  sun  or  moon, 
lopiter  pre^nted  a  disc  of  coufiidcriablo  magititude,  but  in  no  other  re- 
»f»ecl  vtts  he  di&tinguiahabl©  from  the  rest  of  the  superior  planets, 
nnving.  however,  examined  him  with  a  new  telescope  of  superior  power  ou 
the  7th  ifanuary,  lOlD,  hia  aUentinii  wiw  soon  drawn  to  three  small  but 
T«y  bright  stArs  that  appeared  in  his  vicinity,  two  on  the  east  side  and 
oMon  dhe  west  side  of  him.  lie  imagined  them  to  be  three  fixed  star^. 
md  Ktill  there  was  something  in  tht.'ir  tippeanmce  which  excited  his  ad- 
lairttion.  They  were  all  disposed  in  a  right  Hue  parallel  lo  the  plane  of 
the  ecliptic,  and  were  brighter  than  other  stars  of  tiie  same  magnitude. 


* 


did  not,  however,  induce  him  to  alt^r  his  opinion  that  they  were 
Eed  &tari,  and  therefore  he  paid  no  attention  to  their  distances  from 
ch  other,  or  from  the  planet.     Happening,  by  mere  accident,  to  examine 
fnpiier  again  on  the  8th  January  *,  he  was  aurprised  to  tind  that  the 
were  now  arnmged  quite  differently  from  what  they  were  when  he 


*  "  CuiQ  autcm  i}le  octava^  nes^^io  (jno  fa(o  ductus,  a<l  mipcctvoticm  eancktn  revewui 
■ —  "— EiUereia  Nunciusi,  p.  £0, 
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first  WW  them.    Thej  were  all  now  on  the  west  side  of  the  phmet.  and 


O 


*     *-  * 


were  nearer  to  each  other  than  tber  had  heen  on  the  prerioos  evening; 
thej  were  also  disposed  at  equal  distances  from  each  other.-  The  strange 
fiu:t  of  the  matoal  approach  of  the  stars  did  not  yet  strike  his  attentaon, 
but  it  excited  his  astonishment,  that  Jupiter  should  be  seen  to  the  east  of 
them  all,  when  onlj  the  preceding  night  he  had  been  seen  to  the  west  of 
two  of  Uiem.  He  was  induced,  on  this  account^  to  suspect  that  the 
motion  of  the  planet  might  be  direct,  contrary  to  the  Mleolations  (tf 
astronomers,  and  that  he  ^d  got  in  advance  of  the  stars  bj  means  of  hii 
proper  motion.  He  therefore  waited  for  the  followii^  night  with  great 
anxiety,  but  his  hopes  were  disappointed,  for  the  heavens  were  on  all 
sides  enveloped  in  clouds.  On  the  10th  he  saw  only  two  stars,  and  thej 
were  both  on  the  east  side  of  Jupiter.     He  suspected  that  the  third 


O 


might  be  concealed  behind  the  disc  of  the  planet.  Th^  appeared  as 
before  in  the  same  right  line  with  him,  and  lay  in  the  direction  of  the 
zodiac.  Unable  to  account  for  such  changes  by  the  motion  of  the  planet, 
and  being  at  the  same  time  fully  assured  that  he  always  observed  the 
same  stars,  his  doubts  now  resolved  themselves  into  admiration,  and  he 
found  that  the  apparent  motions  should  be  referred  to  the  stars  them* 
selves  and  not  to  the  planet.  He  therefore  deemed  it  an  objeet  of 
paramount  importance  to  watch  them  with  increased  attention. 

On  the  11th  he  ag«in  saw  only  two  stars,  and  they  were  also  both  on 
the  east 


* 
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side  of  Jupiter.  The  more  eastern  one  appeared  nearly  twice  as  large  as 
the  other,  although  on  the  previous  evening  he  bad  found  them  almost 
equal.  This  fact,  when  considered  in  connexion  with  the  constant  change 
of  the  relative  positions  of  the  stars  and  the  total  disappearance  of  one 
of  them,  left  no  doubt  on  his  mind  of  their  real  character.  He  therefore 
came  to  the  conclusion,  that  there  are  in  the  heavens  three  stars  revolving 
round  Jupiter  in  the  same  manner  as  Venus  and  Mercury  revolve  round 
the  sun.    On  the  12th  he  saw  three  stars;  two  on  the  east  side  of 


O 


Jnpiter,  and  one  on  the  west  side.    The  third  began  to  appear  about 
three  o'clock  in  the  morning,  emerging  from  the  eastern  limb  of  the 
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Ffluiet ;  It  vas  tbeo  exceeiJktgly  siqaU,  and  waa  diiieemiUa  oolf  mtlt 
I  great  difficulcr.     On  the  i3th  he  fiu^j  saw  four  •lura.    Hiree  of  tbeai 


aide  of  the  planet,  and  the  remoiiung  one  on  the  east 
std«.  Tfa«f  were  all  anunged  in  a  line  parallel  to  the  ecliptic,  with  the 
eueption  of  the  central  star  of  the  three  western  ones,  vhich  declined  a 
little  towards  the  nonh.  TheT  appeared  of  the  same  magnitnde.  and, 
iboiugh  small,  were  teij  briUiant,  fining  with  a  mach  greater  lustre  than 
fisM  atftis  of  the  same  mAguitude  *, 

Tbd  future  obseirations  of  Galileo  eet&bliahed  bejond  all  douht  tiiat 
Ja|iter  was  attended  hj  four  satellites.  He  contbaed  to  examiae  them 
imtil  the  Ititter  end  of  March,  noting  their  coni^gur^iiopa,  and  rec<krding 
the  itan  which  appea»d  in  the  same  Beld  of  view  with  them. 

Soon   after   Gwileo's   ikmoas   discorerj,   he   perceived   the   utility  of 

tbe  BKtfllitos  for  finding  the   longitude,   and   he   continued   for  manjr 

jean  to  utalt«  obiervatiom  on  them,  with  the  view  of  constructing  a 

tbeoiy  of  their  motions.     Much  has  been  Boid  about  his  tables  of  the 

sttelbtes«  vhich  were  to  have  l>eeD  published  bj  his  friend  and  pupil  Hi- 

oiieri,  but  which,  bj  some  unac^outi  table  accideut ,  disappeared  at  the  death  of 

llttlpinKKt,  and  eould  uowh'^re  be  found,  until  tliej  were  finallj  diaooTered 

ifev  jeaiB  ago  in  a  private  library  at  Eome.     We  know  that  Galileo  him- 

•eif  was  Terv  sanguine  of  their  practical  utility',  but  his  opinion  of  their 

RMtits  does  not  seem  to  be  borne  out  bj  the  bcUioI  examination  of  them 

edOieqiieDt  on  their  rediscovery.     Indeed,  when  we  reOect  on  the  many 

piaiAil  eHorts  which  it  cost  bis  sncceBsors  to  arrive  at  even  a  tolentble 

laoiiLed^  of  the  elements  of  the  satellites,  we  might  very  reaMnably 

emdiide^  d  priori,  tliat  hiti  tables  can  only  be  regarded  in  the  present  day 

■■  m  ol^eet  of  scientific  curiosity.    An  interesting  fragment  of  his  early 

rawaitlws  nn  tbe  satellites  is  to  be  found  in  oue  of  bis  letters  to  Welser, 

Ilia  pef90>li  tiiitMigh  whom  he  carried  on  the  controversy  with  Seheiter  the 

Jtaut,  ivJative  to  the  discorerf  of  the  solar  spots.    At  the  end  of  a  letter 

dated  D^eeraber  1st,  lOlS!,  he  gives  a  akelcn  in  rough  drawings  of  tlie 

omfi^ralkous  of  the  satellites  from  1st  March  till  7th  May  of  the  follow 

iogyBKT. 

Simon  Mayer,  the  German  astronomer,  who  mutended  for  Uie  inde* 

It  diseorery  of  the  satellites,  resolved  to  strengthen  his  claims  by 

oonstmction  of  tables  of  their  motions.     The  crude  labours  of  this  im- 

it  pretfiDder  were,  hove^er,  no  sooner  given  to  the  world  tlian  thej 

into  deserved  oblivion.     Hodiema.  a  Sicilian  astroooiDer,  is  ttie  next 

who  is  mentioned  ae  having  devoted  hig  nttentiou  to  this  subject. 

Ifjft9   he  publi.<ihed  his  observations  on  the  satellites,  accompanied 

on  the  theory  of  tbetr  motions.     He  is  the  fir»t  astronomer 

out  the  superior  irnportance  of  eclipses  of  Uie  satellites  as 

with  other  phenomena.     He  al:^  calculated   tables  of  their 

!.  but  they  are  &aid  to  have  been  so  verr  inaccurate,  that  in  n  few 

they  even  ceased  lo  represent  the  configurations  of  the  different 

in  1&60  Borelli  attempted  to  establish  a  theory'  of  the  satellites, 

Tlie  preoetSng  configuratintu  uv  deriTed  from  thoM  given  by  di?  itlustnou*  di>- 
r  ia  Ifae  SSdnvni  NuDciui* 
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bj-  means  of  his  own  observations  And  Uiose  of  Hodiema,  but  his  laboan 
were  etteQded  wilji  verv  imperfect  success. 

The  earliest  tables  vchich  enjojed  any  conGdeuce  among  aslroDomera  irert 
thoae  of  Cassini,  which  first  appeared  in  I  (508  at  Bologna.  Picard,  the  cd^ 
heated  B'reneh  astronomer,  haring  eompared  them  vritU  a  aomher  of  obsend 
eclipses,  found  them  to  be  even  more  acuurata  than  their  autJior  anudpaled. 
He,  iu  cousequence,  recommended  him  to  Colbert  as  au  astronomer,  wbose* 
talents  would  be  an  ornament  to  France,  and,  at  the  suggestion  of  that 
minifiter,  Louis  the  Fourteenth  inTiied  him  to  his  capital.  Cassim,  upon 
hia  lUTival  in  Pari^i,  revived  to  perfect  his  previous  researches  on  tlie 
motions  of  the  satellites,  and  during  many  jears  he  continued  to  latiSB 
observations  on  their  eclipses.  In  1003  he  published  his  second  tahlflSt 
^\hich  far  exceeded  in  aocuracj  any  previous  efforts  of  the  kind.  Thc6« 
of  the  first  satellite  especially  were  found  to  represent  the  limes  of  ilie 
cclipi^es  with  remarkable  fidelity,  and  bj  means  of  them  the  longituile 
v-aa  determined  mth  a  precision  hitherto  unkuown.  In  theso  tables  tlitt 
orbits  of  the  four  satellites  were  considered  to  be  circular ;  they  were  iii- 
cUned  to  Jupiter's  orbit  at  equal  angles,  and  their  nodes  had  all  a  commou 
position,  Cassini  estimated  the  iudumtion  of  the  orbits  at  'i^  5^/,  and 
he  Iked  the  nodes  in  10*  14*^  Su'  of  lou^tude ;  both  of  these  elemeata 
were  supposed  invariable.  He  did  not  employ  the  equation  of  light  in 
his  tables,  wkhough  at  one  time  he  was  favourably  disposed  towards  ihfl 
hj'poiheBi^i  of  Iluemer,  He  perceived  that  the  successive  propagatiuu  of 
light  cvplaiued  the  irregularities  in  the  e^^lipses  of  the  first  satellite  when 
the  earth  wns  in  ditlereiit  posiiiyus  of  her  orbit;  but,  finding  that  it  tlid 
not  accoimt  in  an  equally  satisfactory  mauucr  for  tlie  irrcgiilarities  of  thfl 
otber  satellites,  he  rejected  it  altogether,  and  instead  of  it  he  used  in  the 
uUiles  of  the  llrst  sutellite  cm  empiric  equation  depending  on  the  relative 
positiuiis  of  the  Earth  and  Jupiter.  Although  the  error  in  an  eclipse  of 
the  first  satellite  selJoin  exceeded  V  of  time,  yet  it  happened  oc<aisionaUy 
that  it  rose  to  '/  or  0'.  The  inequality  which  pnncipally  oecasioned  thi^ 
error  was  certainly  not  easy  to  discover  ;  but  it  is  surprising  that  a  similar 
iuequtility  in  liie  second  satellite,  which  rises  to  a  much  greater  raagni- 
tiidf,  tjliouH  have  escaped  the  sagacity  of  Cii^siui,  He  also  failed  to 
notit-e  the  principid  iueqmdity  in  tlie  fourth  satellite,  although  it  causes 
the  times  of  eclipses  to  vary  to  the  extent  of  an  bour.  Notwithstanding 
these  defects,  tiie  tables  of  Cassini  mark  an  important  epoch  in.  the 
history  of  the  saiellites,  and  their  construction  will  ever  remsuu a  monumeut 
of  the  ingenuity  and  patience  of  their  illustrious  author, 

^luraldi  ].t  the  nephew  of  Cassini,  also  devoted  much  attention  to  Hie 
subject  of  Jupiter's  satellites,  lie  admitted,  iu  common  with  his  relative, 
that  the  ci][uation  of  light  gave  a  very  satisfactory  account  of  the  errors  iu 
the  first  satellite,  flheu  the  earth  was' in  dilTereut  parts  of  her  orbit,  but 
he  maintained  that,  if  this  equation  was  founded  upon  true  physical 
principles,  it  should  vaiy  from  the  perihelion  to  the  apbelion  of  Jupiter's 
orbit,  ft  conclusion  which  the  observations  on  eclipses  did  not  seem  to  him 
to  warrant.  Ho  also  reniBrked,  that  if  the  errors  in  the  limes  of  the 
eclipses  depended  upon  the  successive  piupugation  of  light,  tliey  should 
be  equal  for  all  the  satelhtua  when  the  earth  was  in  the  same  parts  of  her 
orbit.  It  did  not  occur  to  him  tliat  other  irregularities  might  exist  in  tlie 
motions  of  the  satellites,  and  might  cause  the  errors  of  eclipses  to  be  very 
dilferent  for  each  satellite.  It  ia  true  that  the  orbits  were  supposed 
circular,  and  m  long  m  a£ti'onomeL<s  eutcrtaii^^d  this  belief  thet:^  could 


centre;  but,  as  jjeiamure  justly  reniftrk.?,  itiere 
wi^Kt  eadst  the  inequality  of  the  vftriatioa  oven  in  a  clrculftr  arbit,  and.  as 
Idng  as  it  iros  neglected,  it  would  occasiou  an  fljipart'tir  dli^cordmice 
httm^cn  the  seveml  eqiiaLioos  of  light.  The  arguments  of  MeLralrji  were, 
liowerer,  eoosidemd  by  some  of  his  most  emineDt  contemporaries  to  be 
fatiH  to  thB  theory  of  Roemer.  "  It  appears  then,"  says  Foutenelle,  "  tliut 
«e  nftost  i^Dounce,  though  perhaps  with  regret,  the  ingeoious  and  m- 
"re  hypothesU  of  the  successive  propagation  of  light  .  ,  ,  .  ,  How 
0  preveiits  0*5  from  falling  into  great  errors!     If  Japiter  had  but  one 

:elliie,  or  if  the  eccentricity  had  been  less,  and  these  two  tbinga  are 
possible,  we  should  have  concluded  with  the  utmost  confidence  that 

ht  traversed  the  annual  orbit  of  the  earth  in  11  minutes."* 

Mszmldi  first  established  the  important  fact,  that  the  inclination  of  the 
leeoiul  satellite  ii»  variable,  lla  wajs  led  to  tbU  discovery  by  observing 
tibtt  the  duration  of  eclipses  was  not  alwayi^t  the  same  when  tbo  ^telHte 
«M  at  thsi  same  distance  firom  the  nodes,  a  fact  of  which  he  assured  him- 
self h;f  *  careful  comparison  of  a  great  ntimbcr  of  eclipses.  For  example, 
tn  tke  ^Ist  January,  1668,  when  Jupiter  was^  in  tlial  part  of  his  orbit 
wiUMiQ  the  eclipses  are  shortest,  he  found  that  the  semi-duration  of 
tbt  «dJpS6  was  1^  IS";  on  the  17th  September,  1715,  when  all  the 
aremnslinices  were  the  same,  tlie  semi-duration  was  only  1^  7™  14*. 
The  difference  amounted  to  ll*"  46»,  an  J,  as  this  quantity  vftm  too  great 
to  be  ascribed  to  the  errors  of  observation,  lie  com^luded  llmt  it  must 
hBUB  proceeded  from  a  change  in  some  of  tlio  elementa  upon  which 
the  poenomeDOn  depended.  He  remarked  that  tho  dumliou  of  the 
edi|»B  might  be  modified  by  three  distinct  cnuses ;  1st,  a  variation  in 
the  eecexitricitj  of  the  satellite:  i^nd,  a  variation  in  the  inclination; 
3ni,  a  lanation  in  the  place  of  the  nodes.  With  respect  to  ilie  first 
of  these  causes,  the  variation  would  require  to  be  enormous,  in  order 
ihit  it  siigfal  occasion  so  great  a  flilferenec  between  the  eclipses; 
«iih  respect  to  the  second,  he  remarked  that  the  duration  of  the  eclipse 
wied  even  when  (he  satellite  was  at  the  same  distance  from  the  node. 
He  ooneluded,  therefore,  that  the  pbenomeiiou  must  be  ascribed  to  a 
dHtBge  in  the  inclination  of  the  orbit  In  17117  he  found  the  inclinatiou 
10  be  equal  to  d'^  33' ;  whence  it  appeared  to  have  increaised  nearly  a 
idiice  tJje  publication  of  Casshii's  tables. 

is  the  next  astronomer  whose  researches  contributed  to  throw 

this  interesting  subject.     In  171 'J  he  constructed  tables  of  the 

tee:  but  they  were  not  given  to  the  world  until  1749,  when  they 

pnbll&hed  along  with  Halley's  tables  of  the  planets.     In  these  tables 

e  places  of  the  satellites  were  given  by  Bradley,  in  degrees  and  minutes  of 
iMSt:  but  there  were  appended  to  them  ecliptic  tables  of  the  first  satellite 
dnifdeted  in  time  bj  Fond,  his  uncle.  He  determined  tlie  mean  motions 
IWI  great  arcnracy,  by  means  of  a  comparison  between  the  observations  of 
Mccedilig  astrouomers  and  those  made  by  himself  at  Waustead,  after 
Jupiter  had  completed  four  revolutions.  We  have  seen  that  Cassini  and 
jtumldi  refused  to  adniit  the  equation  of  light;  Halley,  in  100-1,  argued 
more  philosophically  on  the  gnbject ;  for  he  maintained  the  necessity  of 
applying  it  to  all  the  satellites.  Bradley  was  the  first  who  introduced  this 
equation  into  the  tables  of  their  motioaa.  He  tixed  it  at  the  usually 
ri«etTed  Titlue  of  U*",  adding  a  smaller  equation  of  3^"  to  account  for  the 
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effect  of  Jupiter's  eccentricity.  The  maximum  value  which  he  assigned  to 
the  aberration  of  light  wodd  have  given  him  16™  '26**  for  the  greater 
equftdoQ — a  result  which  would  have  heen  much  more  confornmble  to 
observation  than  the  quantity  he  ac-tiifllly  employed.  It  is  surprising  that 
he  should  ha  re  overlooked  the  importimcc  of  his  great  disco  veiy  in  fiimiah- 
iug  na  independent  means  of  calculating  this  equation. 

The  irregularities  in  the  motions  of  the  satellites  were  the  cause  of 
much  perplexity  to  Bradley.  The  second  satellite,  especial ly,  presenlciil 
anomalies  which  could  not  be  accounted  for  either  by  a  circular  or  an 
elliptic  orbit,  Sometimes  it  deviated  fixim  iia  mean  place  to  so  great  an  es- 
tent,  and  in  so  short  a  time,  ns  to  be  incompatible  with  a  small  eccentricity; 
while,  on  the  contrary,  other  oliservatioijs  rendered  it  impossible  thai  the 
orbit  should  ditter  tuuch  from  a  circle.  He  discovered  that  the  ihret* 
interior  satellites  passed  through  the  irregularities  of  their  motiops  in  4S7 
days ;  the  errors  retumhig  at  the  clos;e  of  this  period  in  tlie  same  onht 
and  magnitude  as  before.  He  considered  that  about  the  middle  of  Llus 
period  the  inequalitr  of  the  second  satellite  might  amount  to  30  or  40 
minutes.  He  remnrked  that  the  period  of  the  iueqivalitiea  ciirrespanded 
to  that  which  brought  hock  the  satellites  to  the  same  position  relatively 
to  each  other,  and  to  the  a.xis  of  Jupiter's  sbftdow;  and  be  b^Bce 
inferred,  with  his  usual  sagacity,  that  the  inequalities  resulted  fnim  the 
mutual  attraction  of  the  satellites.  "  While  we  carefully  attend,"  say?  be. 
"  to  future  observations,  by  means  of  which  the  theory  of  the  satellites  may 
be  established,  it  postertort^  let  us  liope  that  some  rival  of  the  great  Newton, 
relying  upon  the  sure  and  tried  principle  of  gravitation,  will  ftchieve  the 
noble  la^k  of  investigating  d  priori  the  effects  of  their  mutual  attractioa." 
Bradley  retained  the  inclinations  of  the  three  interior  satellites  at  ft*  55', 
as  fixed  by  Cassini ;  but  hu  reduced  that  of  the  fourth  to  'i"  4(1'.  Tbia 
was  a  happv  alteration ;  Dehimbre's  tables  make  it  S"  10'  43"  for  the  same 
epoch.  He  also  discovered  that  the  orbit  of  the  fourth  sjitcllite  is  eccentric ; 
and  he  Jiiced  the  maximum  value  of  the  equation  of  the  ceutre  at  4ft*. 

ifamldi  II.  devoted  much  of  his  time  t6  researches  on  the  satellites,  and 
eHocted  some  vsry  important  improvements  in  the  theory  of  their  raotioDi, 
In  ft  memour,  which  appeared  in  the  volume  of  the  Academy  of  Sciences 
for  1732,  he  proved  that  the  inclination  of  the  third  satellite  is  variable; 
and  he  aliio  established  tiie  eccentricity  of  the  fourth  satellite.  With 
respect  to  the  first  of  these  points,  he  found  that  the  durations  of  the 
ecbpses  of  the  satellites  had  been  continually  diminishing  ever  since  the 
year  1593.  It  was  impossible  to  explain  this  constant  dimiimtion  by  an 
eecentrieity  in  the  orbit,  since  the  effect  of  such  a  supposition  would  be  to 
produce  sometimes  a  diminution  ;  and  at  other  times  an  increase  id  the 
duration  of  the  eclipse.  Nor  would  a  motion  of  the  nodes  suffice  for  ibia 
purpose :  for  he  shewed  that  the  utmost  change  in  their  position  which 
could  possibly  occur  would  not  exceed  3*,  and  this  would  occasion  a  change 
of  only  10*  in  the  duration  of  eclipses  at  the  limits;  whereas  olwerva- 
tion  shewed  it  to  amount  to  Iti"*  44*.  Besides,  upon  this  stqtpO' 
sitirm,  the  same  variation  ought  to  have  njanifeatod  itself  at  the  uodes  as 
at  the  limits  ;  but  the  duration  of  oclipseH  varied  oidy  to  a  very  small 
extent  when  they  happened  iu  the  former  of  these  positions.  The  observ- 
ations, therefore,  coult)  only  be  reconciled  together  by  admitting  that  the 


'    Slrifll;,  upcaking,  the  equation  u  t^^ual  tjidj  lo  faalf  this  quantUy ;  b\H  in  the  Labl«a 
of  the  sak'Uili^s  the  toet^vieaia  ore  dloublt;<l  in  order  to  render  the  resuiis  olwjivs  addlttn;. 


inclmatioii  of  the  orbit  yms  continually  inereasmg.  He  calculated  the 
indmjation  for  W9l  ami  I7'27,  and  found  it  to  ba  at  the  fonaer  of  these 
epochs  S*  0'  30",  at  the  latter,  H"  12'  5 ''.  Thus  it  appeftred  to  hA?e 
increased  to  the  extent  of  1 V  'W-  in  the  space  of  ^6  yeais, 

Mazaldi  eetAbUshed,  in  ati  equally  satisuctoiy  mauDer,  the  eccentricity 
cf  the  fourth  satellite,  and  fixed  the  greatest  equation  of  the  centre  at  6&**. 
This  wiis  u  much  more  accurate  deteitai nation  than  Bradley  6 ;  Delambre's 
laLlea  make  it  5b'"  28*  At  the  conchision  of  his  memoir  he  iatioialee 
a  suspicion  that  the  orbit  of  the  first  satellite  was  equally  eccentric-  The 
itiH^jiulity  in  time  would  be  eight  or  nine  tiuie^  lens  on  account  of  the 
mora  mpid  motion  of  the  satellite  :  but,  in  fact,  the  euggestion  of  Manidi 
18  lltog«ther  erroneous.  Delmubre,  notwitbstaoding  tho  vast  extent  of  hiji 
naeirchea,  vas  unable  to  di^ever  the  f^ligbteat  trace  of  ellipticity  in  the 
orbit  of  the  first  satellite ;  which  maj  therefore  be  considered  as  offering, 
in  this,  respect,  a  feature  quite  singular  in  the  system  of  the  world. 

The  astitEinomerft  of  France,  influenced  by  an  undue  admiration  of 
Gittuii,  wer»  long  reluctant  to  introduce  any  change  into  the  elements  of 
the  flateUites  as  oedgned  by  him  in  his  tables.  The  elder  Maralili  finally 
mastered  su'ffident  courage  to  emancipate  his  judgment  from  thia  ihmldom, 
If  flnnounciiig  tliat  the  inclination  of  the  second  satellite  ia  vnriable. 
PniUey  a/lvanced  much  further  in  hia  researches :  but,  by  a  very  absurd  in* 
:  iM  0  of  negligence,  hia  discoveries  were  not  (-ommunlcated  to  the  world  until 
Lbiny  rears  after  he  was  in  poseessinn  of  them.  Meanwhile,  Mamldi  II. 
amtributed,  by  his  labours,  to  widen  the  breach  his  father  had  already  made 
in  the  theory  of  Cassini ;  for  he  had  just  shewii  that  one  of  the  orbita  waa 
eeoRitrie,  and  that  the  incli nation  of  another  was  variable.  Fontenelle 
attkes  BOtfie  very  jndirious  reflections  in  connection  with  these  salutary 
UBMv«t]0ns.  "All  this,"  sayij  he.  "begins  to  verify  what  we  announced, 
lad  is  aetae  sort  predicted,  in  ITtiT,  that  the  doctrine  of  concentric  orbita, 
t(BiBOT«tble  node*,  and  constant  indinations,  possibly  might  not  e^tist  in 
the  theory  of  the  satellites ;  tjjey  were  not  physical  enough  in  their 
character,  nor  did  they  present  that  kind  of  regularity  which  nature  loves 
to  folloir.  Already  we  see  the  constancy  of  the  inclinations  destroyed  in 
the  three  first  satellites,  and  the  concentricity  in  the  fourth*  Tlie  imtno- 
lolity  of  the  nodc^  still  holds  oat ;  but  it  is  "very  probable  that  in  the  end 
all  wiU  share  the  same  fate/*  * 
The  same  feeling  of  excessive  yeneration  of  Cassini  to  which  we  have 
laded,  as  hftving,  in  some  degree,  retarded  tlie  theory  of  the 
!,  also  induced  the  BuecessorB,  and  especially  the  more  immediate 
iVes  of  that  a-^trotiomer.  to  refuse  introducing  into  the  tables  of  the 
the  equation  depending  on  the  auccesMive  propaRation  of  light, 
JI.,  in  the  outset  of  his  career,  imitated  the  example  of  all  the 
jrs  of  his  family,  by  strenuoualy  opposing  the  ingenious  theory  of 
Tioemet.  Bradley,  however,  having  dispelled  all  doubts  upon  this  ques- 
^Iwm  by  his  discovery  of  aberration,  Maruldi  no  longer  persevered  in 
jetting  the  equation  of  light ;  and,  in,  a  memoir  published  by  him  in 
HI.  he  shewed  that  it  explained  much  of  the  irregularity  observable  in 
motion  of  the  third  satellite, 

1746  Wargentin,  a  Swedish  astronomer,  published  tables  of  Jupiter's 

i-lUies,  which  far   exceeded   in   Bccurncy  any  that  had  yet  appeared, 

meritorious  individual  devoted  his  whole  life  to  researches  on  the 
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tSoMttrOKieintefaln^lMMlMB;  wd  iht  sMooi  vUdi  cttenied  hU 
kbdOfv  afivdi  •&  «ooMin^g  tllnttntioB  of  the  nlodbte  Tosnlta  which 
mm^  be  aAaeni  bj  a  mtod,  ereti  tltlMMi^  gpfM^  viik  so  extnordititfj 
powen,  vliefi  its  wImIc  enet^ei  are  pciaeteiiirgty  directed  to  inj  specifie 
dImcI.  Hsirifig  eolkcted  txvgetber  «11  the  o^Merrxtkins  vlueb  coold  be  eon- 
m«red  •«  irortbj  of  anj  confidence,  he  ■■«*^*«**^  k  caidril  compttrtstm  be* 
tvaeo  tJwa ;  raid  in  thW  maimn'  lie  vn  led  I0  tann.  a  namber  of  enipiik 

Mtaoni.  i^ndli  eiubbled  him  to  represent  the  motioos  of  the  ^teUites  mUk 
i  HKPadeifd  Aocanejr.  H«  sfiplied  the  equioian  of  lif^  to  tU  tJbe  alellites ; 
but  be  jodieioiiilj  profited  bx  Bradler's  discoTerr  in  fixing  its  maxii&um 
filiie  «|  IQ"2S*nwtesd  of  U",  the  quantity  Uiat  had  been  original]^ 
■qggested  br  the  errors  in  the  eclipses  of  the  Urst  ^tellite.  The  taS»t( 
Ihe  fint  ttiellite,  con'itructed  sevemllT  bj  Cas^ni  and  Poud,  alihoogh 
genenllr  repreeent^d  the  times  of  eclipses  with  great  predston.  p/t 
ItappeDed  oocanon&llr  to  be  G  or  T  niinqtes  in  error.  Wargeatin  apphed 
ftB  equation  of  3»  lO"  with  a  period  of  i:? 7^  \^  W^  and  bj  tliiii  means 
be  redueed  the  eiror  to  1".  The  irregularities  of  the  second  satellite  were 
much  more  con.dderable  thau  those  of  the  fir$t,  and  had  very  much 
peipUxed  aatFonomeis.  Wai^entin  almost  entirely  remored  these  anomsr 
tUM  Wflppljing  an  eijaadon  of  Ifl^*"  with  a  period  equal  to  that  of  the 
eqtution  of  the  first  satellite.  We  have  seen  that  Bmdlej  had  a]i«fld^ 
detected  these  ineqtiaHties ;  but,  as  bis  remarkis  were  not  published  until 
1719.  the  merit  of  independent  discovery  cwinot  be  withheld  from  the 
Swedish  astronomer. 

In  1750  there  appeared,  in  Lalande's  astronomy,  an  improved  e*Siti< 
Wargeutius  tables  of  the  satellites.  The  moat  important  change 
li^de  in  the  tables  of  the  third  satellite.  Miiraldi  had  already  suape 
that  the  orbit  was  eccentric ;  but  he  did  not  attempt  to  estimate  tha 
equation  of  the  ceo t re.  Wargentin,  whose  views  were  directed  solely 
towards  the  perfection  of  the  tables,  attempted  to  satisfy  the  observed 
irreguTantics  of  ihe  satellite  by  means  of  an  empiric  equation  of  8",  the 
period  of  wliich  he  eatinmted  at  12  years.  In  1771  he  published  in  the 
Nauiicul  Altiifinack  a  new  edition  of  the  tables  of  this  sittellite.  In:5.teotl 
of  the  equation  of  8»,  which  his  tables  of  I'ibd  contained,  he  now  employed 
three  different  equations.  One  of  these  wag  equal  to  Si""  30*,  and  had 
a  period  of  437''  111''  .ll"»,  similarly  to  the  equations  of  the  first  and  soconJ 
ttflLullites,  The  others  amounted  to  4"*  JiO'  and  2""  30* ;  tlie  period  of  tiie 
greater  equation  being  somewhat  more  than  )ii^  years,  and  that  of  tJie 
smjJIer  one  being  nearly  I-l  years.  Spealdug  of  the  inequaliiies  Tihich 
formed  the  basis  of  the^e  two  equations,  he  says  that,  towards  the  close  of 
the  preceding  century' and  the  beginning  of  the  current  one,  they  bolhoon- 
spiftnl  in  the  same  direction,  and  formed  one  large  inequality  of  15  or  18 
minuter.  Subsequently,  in  consequence  of  the  difference  of  their  periods, 
t]iii  une  Itiid  hocn  accelerating,  while  the  other  was  retarding,  the  satellite; 
uniil  at  length  they  almost  dudtroyed  each  other,  and  it  became  possible  to 
omit  them  altogether  hy  merely  adding  7*"  to  the  epoch.  He  confessa 
that  hiH  hv|M)thei?ia  does  not  posesss  the  diameter  of  probability ;  but  h^ 
pon^idera  that  it  may  be  aJmitted  until  experience  should  put  astronov 
in  possession  of  n  more  accmiit*:'  mode  of  reconciling  all  the  observatioii 
He  concludes  with  the  remark,  that,  perhaps,  tlie  orbit  might  somehow 
have  a  variable  eccoutriciiy,  and,  in  tlint  ca^e,  that  the  two  ineqmdities 
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in  reality  be  only  oue.  He  subsequeuth'  adopted  ihia  hyp-jtlioiih  ib 
;;  the  be»t  eicplHuaLion  of  tlic  ptienomenon. 
In  1 781  be  vrote  to  Lelaiide,  stating  tbat  recent  observaticms  iuduced  bim 
to  suppose  there  was  only  one  inequalityt  is'ith  &  period  of  about  thirteen 
yeiirs.  This  inequality  amounted  to  7i™  between  1670  and  1720.  From 
17:20  U^  1760  it  bad  dimitibhed  to  '2jt^,  and  it  had  retnained  coustant  during 
tiie  sncceeding  twenty  years  *.  This  was  not  a  happy  modification  of  the 
crigiELAl  idea  of  two  independent  eqiiaUons.  L,agrange  and  Laplace  have 
demonstrated,  a  priori,  the  existence  of  two  dJsliiict  efjuations  of  the 
eentret  in  the  motion  of  this  satellite,  and  this  remarkable  lesult  of  pure 
tiieory  has  been  confirmed  iu  the  most  saliafuctory  manner  by  the 
laiborious  researches  of  Del  ombre. 

Very  little  progress  had  been  made  by  astronomers  iu  the  researches 
iditive  to  the  nodes  of  the  satelbfes.  In  J 758  Haraldi  invested  this 
tid^t  with  a  lively  interest  by  the  commiiuicatiou  of  a  memoir  to  the 
icademy  of  Sciences,  in  which  he  announced  that  the  nodes  of  the  fourth 
ttiielUce  had  a  direct  motion  npou  the  plane  of  Jupiter's  orbit.  Xewtou, 
bf  OOiiaidering  the  action  of  the  sun  upon  the  satellite,  hud  found  the 
motaon  to  be  retrograde,  as  in  the  case  of  the  moon's  nodes  relative  to 
tlw  earth's  orbit,  Wargentin  concurred  with  Maraldi  in  isupposing  that 
tbe  motion  was  direct,  and  he  fijced  its  annual  value  at  i'  15".  This 
tioecpected  fact  seemed  to  be  at  variance  witb  ibe  theory  of  gravitation, 
for  Newton  and  bia  followei's  had  shewn  thiit  tlie  mean  elTect  of  a 
diatorbing  force  was  to  occajsion  a  retrograde  motion  of  the  nodes  on  the 
of  the  disturbing  body.  Lalatide,  however,  tsliewed  that  the  motion 
nodes  might  be  direct  upon  one  plaiie  and  retrograde  upon  another, 
opon  this  gn^und  he  contended  that,  unless  the  principal  dbturbing  forc« 
pUfM'd  tJirough  the  plane  of  Jupiter's  orbit,  the  motion  would  not  be  n^cfj- 
Mrily  retrograde.  Now,  in  the  present  case,  the  third  satellite  exercises  a 
oiijch  more  powerful  influenfe  on  the  motion  of  the  nodes  than  the  sun  doee, 
•nd  the  same  is  true  of  the  ellipticity  of  Jupiter.  However,  aa  neither 
the  plane  in  which  the  satellite  revolves,  nor  the  plane  of  the  planet's 
equator,  coincides  with  the  plane  of  the  planet's  orbit,  it  followed  that  the 
direct  motion  of  tise  nodea  on  the  latter  plane  could  not  be  coasidered  as 
inralidating  the  theory  of  gravitation. 
The  inclinations  of  the  orbita  presented  great  diSieultiea  to  astronomers, 
A  formed  the  sul^ect  of  much  laborious  research,  W©  have  seen  that 
c  elder  Alaraldi  first  discovered  that  the  inclinatton  of  tlie  second 
satellite  is  variable.  Wargentin  afterwards  found  that  during  fifteen 
and  a  half  the  inclination  continually  incren^ed,  nnd  that  it  then 
ifaed  by  like  degrees  during  other  fifteen  yeiirt^  and  a  halff.  The 
period  of  variation  was  therefore  e(|tial  to  about  thirty-one  years, 
filed  the  e.ilreme  liuiita  of  the  inelinaiion  at  3*  47'  and  P  18',  Sub- 
ioeutly  he  made  the  greatest  inclination  3°  4(5',  and  the  least  2"  4fl', 
11  &5  Maraldi  publitihed  a  memoir,  in  which  he  shewed  that  the 
ilities  in  the  duration  of  ecUp-jes  could  not  be  explained  by  the 
change  of  the  inclination.  Proceeding  on  the  suppo«)ition  that 
EtCHies  were  fixed,  he  calculated  the  inclination  for  two  eclipses,  oh 
din  1714  and  1715,  and  ho  found  that,  during  the  eleven  months 
braced  between  them,  it  had  increased  to  the  extent  of  *!()%  ^f  tnora 
i  fourth  of  the  whole  periodic  variation.     By  a  similar  process  he 

*  LaJaiide,  Traif^  d'Ajtivnomter  tome  iti.  p.  145, 
t  M£in.  Acad.  Vptal,  174-% 
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foiiod  tbat,  during  thirteen  months  which  ekpyed  between  two  eclipses, 

observed  in  1750  and  ]76l,  the  jflclinatian  presented  a  diiriimition  of 
18'  30".  These  great  changes  occttrred  in  euch  brief  intervala.  that  it 
■waa  imposeible  they  could  have  proceeded  from  the  periodic  variauon  of 
the  inclination.  MaraUi  fiually  discovered  that  ihe  observations  might 
be  reconciled  mth  the  generally  received  theory  of  the  inclinatiun.  by 
BUpposlng  the  nodes  to  libmte  cuiitiDually  on  each  side  of  their  mean  p1ao« 
to  the  extent  of  10°  13'  48'^  the  period  of  librntiou  being  equal  to  that 
which  restored  the  same  vatnes  of  the  inclination.  Having  compared  llus 
hypothesis  with  observation,  he  was  gratihed  to  find  that  a  rtimajkable 
accordatice  geuerally  prevailed  between  the  results  derived  from  both 
Bonreea.  Among  l!27  eclipses  wliich  he  calculated,  the  difference  between 
the  observed  and  computed  dumtious  did  not  exceed  2™,  except  in  one 
instance  ;  and  only  8  were  found  in  which  the  difference  exceeded  l""*, 

Bailly  shewed  that  the  liliratiou  of  the  nodea  proceeded  from  their 
retrograde  motion  ou  tbe  orbit  of  the  lirst  satellite,  wlii^;h  was  in  thjuj  case 
the  principal  disturbing  body.  Re  also  remarked  that  the  iucliiiation  was 
constant  with  respect  to  the  orbit  of  this  satellite,  and  that  it  wag  variable 
with  reaped  to  Jupiter's  orbit,  in  consequence  of  the  retrograde  motion  of 
the  nodea  upon  the  former  orbit.  This  explained  the  coiiicidence  of  the  pe- 
riod of  libmtion  with  that  which  restortsd  the  inclination  to  the  same  value. 

When  we  consider  the  complicated  chaiucter  of  the  phenomenon  in- 
yegtigated  by  Maraldi,  hia  explanation  of  it  must  be  regarded  as  one  of  the 
mo8t  ingenious  conceptions  which  mere  observation  has  ever  BUggested  to 
the  astronomer.  Laplace  has  employed  this  libration  of  the  nodes  as  one 
of  the  data  from  which  he  derived  the  masses  of  the  satellites.  Wargeutm 
published  tables  of  the  second  satelhte  for  the  Nautical  Almanack  for 
1770 ;  the  most  remarkable  peculiarity  of  which  was  the  libratory  motioa 
of  the  nodes,  which  he  admiU  to  have  been  first  euggeated  by  Maraldi. 

The  period  in  which  the  inclination  of  the  third  satellite  passed  through 
all  it«  values  wa^  niach  longer  than  the  ccirresponditig  period  of  the  second 
satellite ■  Maraldi  had  Ibund  that  during  the  current  century  it  had  beeti 
coDtirtually  increasing.  In  17H:i  hs  fixed  it  at  3"  36'  41",  This  indi- 
cated an  increase  of  il'i'  since  the  publicatiun  of  Cassini'a  tables,  la  17Gfl 
he  diBL-overed  that  the  incltniitiou  was  only  3'^  2;}'  S$''\  Pursuing  Ida 
researches,  be  found  that  the  inclination  reached  ita  maximum  in  the  years 
16!?3  and  170&,  and  its  minimum  in  101*U.  Ilence  It  followed  that  the  incli- 
nation increased  during  UO  years,  and  then  diminished  during  an  equal 
space  of  time  ;  the  whole  variation  being  consequently  comprised  within  a 
period  of  1^2  years.  Maraldi  also  Hxed  the  mean  place  of  the  nodes  in 
10*  i;i'  52'.  and  estimated  the  extent  of  librjition  at  1°  S3'  S4"t^ 

The  inclinattoi)  of  the  fourth  eatellite  had  long  been  considered  in- 
variable. We  have  seen  that  Bradley  estimated  it  at  I.J'^  4*2',  Wargentiti, 
in  1750,  made  it  S''  Sfl'.  and  Maraldi.  in  1758,  made  it  a°  Sfi',  In  1781 
Wargentin  concluded  from  his  researches  that  duritig  a  few  preceding 
years  the  inclination  had  been  slowly  increasing.  Tliis  opinion  has  been 
conOrmed  by  the  observatiosis  oj"  Hub  sequent  astmnomers,  who  have  found 
that  tlie  increase  of  inclination  ha^  been  going  on  down  to  tlie  pre^ieut  day. 

liniUy,  before  becoming  acquainted  with  the  research os  of  Wtu'genlin, 
made  the  foHowiii]q  eagacious  remark  upon  this  subject  in  h:s  History  of 
Astronomy — "  Tbe  inclination  of  the  fourth  satellite  ha«  not  hitherto 

•  M^m.  Acad,  dis  Sdeocea,  176a  +  Ibid.  17GE). 
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tffmnd  to  Twry  seixsiblj ;  but  ii  will  vaj-y,  for  everytliing  in  the  universe 
ii  «il>j€ct  to  fixed  h.w& ;  and  the  same  circumstances  iUway»  reproduce  the 
■aD«  jdJienomena.  We  perceive  merely  that  lb©  period  uf  tlie  iiidination 
nnt  he  very  long  and  mu^t  extend  to  several  cetituriea.'^ 

Tim  predictioii  has  been  verified  br  tlie  phjalcol  researcliea  of  Laplace, 
who  bift  fbnsd  that  the  nodes  have  an  annual  retrograde  moiiuu  of 
A'  9'i"  apoa  a  £zed  plane,  ftccomplishing  a  complete  rerolutioti  in  53:2 
jw*.  It  is  thia  revolutioa  of  the  nodea  Tvhicb  occasiooa  a  vai'latioQ  of  uii 
equal  peiiod  in  ihe  indinatiou  of  tho  satellite. 


CHAPTER  Vni. 

Tbeoij  of  LlrtJ  Satellites. — Newton. — Euler. — Walmslcy.- — Bujlly  computes  the 
ol  the  SftteUites, — ReMsart-hes  of  LagrangC'-^He  obtains  ftir  each  SsteUile 
Amt  Bqatfvm  of  tlie  Centre  and  four  Equations  of  l^iitudc — HLi  mode  nf  rcprc- 
laliag  ibe  Podtjooa  of  tlie  Orbits.- — InutiEity  of  his  Tlicory  in  tKc  ConBlructJQti  of 
IVMtL — Imfiace, — Hi*  ExplanalioR  of  the  conBtant  Rolntioni  between  (he  tipfidit 
tad  Mmw  dIoiionB  of  the  three  int<>rlor  Sateltites.^ — He  completes  the  Phjsical  Tbcory 
of  ttie  Ssteliilet.'^DebDibre.-^He  calculates  Tables  on  the  Basis  of  LftploceV  Thiwry. 
—  Ho  determine*  the  Mwiiaiuin  Value  of  Aberration  by  tnoant  of  (he  ISolipaM  of  the 
Im  Sudltie^— AgreemcDt  of  h lit  Eeiuit  with  Bradley's. — Concluilona  derivable  from  It, 

Arsx3i  mucl)  laborious  observation  aud  research,  lite  tlieory  of  the 
ayePites  ifsA  BOW  sufi&cientlj  oaalured  to  form  the  basis  uf  an.  e.vplaiiattou 
ii  tlielr  mdtions  bj  Uie  princjpltt  of  universal  gravitation.  It  is  worthy  of 
muadc,  that  this  is  the  order  in  which  the  vuioua  branches  of  astronomy 
h»¥e  advanced  towards  their  present  high  state  of  ]jerfection.  The 
plwooma&a  irere  first  observe^],  oaA  itll  the  detailtj  r£;liLt.i):kg  to  them 
carefullj  recorded.  They  were  then  submitted  to  a  critical  discussion, 
and.  hj  a  sa^cious  discrimination  of  their  several  peculiarities.  Utey  were 
gSDUped  together  under  general  lawa.  Findly  these  laws,  although  at  first 
natwf  ecapiric,  served  the  vuluiible  purpose  of  suggpating  the  physical 
oribdploa  ou  which  they  depended ;  and  wbeti  once  this  depeudaiioe  was 
nillr  QStabliahed,  they  heucefbrward  assumed  the  more  elevated  charac-ter 
ti  mra  of  imtttre.  This  order  of  inquiry  is  especially  manifest  iti  the 
kkiorjr  «f  the  lunar  theory.  A  similar  course  has  also  been  stronjiily 
rerommeaded  iu  our  own  day  for  the  purpose  of  extending  our  knowledge 
of  the  Tides ;  and.  indeed,  it  may  be  considered  as  offering  the  only  mejitis 
ftf  ever  conducting  philoaopbers  to  a  complete  theory  of  that  subject 
fjutided  upon  rigorous  principles  of  geotnetry  and  physics. 

If  we  only  considered  the  disturbing  actiou  of  the  sun  upon  tlie  satellites, 
ihfr  denmgetQents  in  their  motiona  would  be  in  all  respecfes  aunlogoua  to 
(iMMe  in  Uie  motion  of  tho  moon ;  and  the  analysis  employed  in  tho  lunar 
ibeuf  would  suffice  for  their  complete  invesstigutiou.  In  the  present  cmse, 
htmever,  the  problem  is  much  raore  complicated.  Each  satelUte  is 
disturbed,  not  only  by  tlie  sun,  but  by  the  olhor  three  satellites  in  course 
of  vrery  synodic  revolution  round  the  central  body,  Kur  are  theae  the 
only  sources  of  complication.  If  Jupiter  were  a  perfect  sphere,  his  jittniction 
■onU  be  tlie  same,  both  in  quantity  and  direction,  as  if  his  whole  mass  were 
eoUeeted  at  his  centre  ;  and  the  qnestion  relative  to  his  action  upon  each 
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&atellite  would  be  reduced  to  the  einiple  consideratioD  of  a  material  pafticlc 
attractiug  the  body  at  that  point  This,  however,  is  not  the  reiftl  case  of 
nature ;  for  observation  aheiva  that  the  figure  of  the  planet  is  that  of  an 
oblate  spheroid,  whose  axes  are  to  each  other  nearly  as  13  to  14.  This 
cii'cimistancG  cau&ea  the  law  of  his  attracLioa  to  deviate  from  the  inverse 
square  of  the  distance,  and  hence  originates  a  disturbing  force  whidi 
powerfully  deranges  the  motious  of  the  satellites. 

Newton,  in  the  third  bo<»k  of  the  Principia,  considers  the  (listuibing 
action  of  the  isun  upon  Jupiter's  tjatellites,  and  attempts  to  determine  the 
inequalilie3  of  their  motiona  hy  the  principles  of  the  lunar  theory.  In  this 
tnaiujer  he  found  that  the  nodes  of  the  fourth  eatt'llite  had  a  retrograde 
moLiou  upon  the  plane  of  Jupiter's  orbit,  the  annual  quantity  of  which 
amounted  to  5'*,  We  have  seen  that  thia  result  was  subsequently  contra- 
iicted  by  observation ;  the  actual  motion  hnving  been  discovered  by 
'astronomers  to  be  direct.  The  phenomenon  in  question  does  not,  in  fact, 
depend  so  much  upon  the  stin  aii  upon  the  tliird  satellite  and  the  ellipticity 
of  Jupiter;  causes  of  disturbance  which  were  not  taken  into  account  by 
Newton. 

Eiiler,  in  1748,  first  remarlied  that  the  spheroidal  figure  of  Jupiter 
would  occasion  an  irregularity  in  the  law  of  bis  attraction  \.  Wulmsley,  ia 
1758],  slu'wed  that  the  disturbance  hence  arising  would  produce  a  motion 
of  the  nodes  and  apsides  of  each  satellite.  lu  17Q3  Euler  communicated  a 
memoir  to  the  Academy  of  Berlin,  in  which  he  examined  the  perturbations 
of  a  satellite  revolving  round  a  planet  of  a  spheroidal  figure.  He  shewed 
tlint  when  the  satellite  revolved  in  the  plane  of  the  planet's  equator  the 
action  of  the  protuberant  matter  generally  occasioned  a  progressive  motion 
of  the  apsides.  As  tlte  orbit  of  the  satellite  became  more  inclined  to  this 
plane,  the  motion  of  the  apsides  continually  diminished,  and  it  ceased 
altogether  when  the  angle  of  inclination  was  equal  to  54"  44',  From  this 
position  the  motion  of  the  apsides  was  rcgresiiivo,  and  it  continued  to 
iucreaae  until  the  orbit  of  the  satellite  waa  perpendicular  to  the  plane  of 
the  equator. 

Baillyl,  about  the  same  time,  employed  Clairanfs  theory  of  the  moon 
in  researches  on  the  perturbations  of  the  satellites.  He  discovered,  by  a 
simple  amdyais,  that  the  mutual  attraction  of  the  three  interior  satellites 
occasioned  those  inequalities  in  their  motions  which  produced  a  regular 
return  of  their  eclipses  at  the  end  of  437  days.  We  have  seen  that 
Bradley  was  the  first  astronoracr  who  ihreiv  out  a  suspicion  of  this  fact. 
These  inequalities  are  precisely  analogous  to  the  lunar  rnnathfit  the  only 
difference  being,  that  the  disturbing  hotly  is  in  each  case  one  of  the  sateb 
litea  themselves,  and  not  the  sun.  In  the  theory  of  the  first  satellite 
the  principal  disturbing  body  is  the  second,  for  the  exterior  satellites  aJre 
to<j  remote  to  exercise  any  sensible  influence,  and  the  effect  of  Jupiter's 
tllipticity  ia  equally  inappreciable,  because  the  orbit  of  the  satellite  is 
situated  in  thii  plane  of  his  equator,  and  at  tho  same  time  does  not  pos- 
sess any  eccentricity.  It  is  clear,  then,  that  by  conipaiing  the  coefilcieut 
of  the  equation  fimiished  by  tlieoiy  with  the  magnitude  of  the  inequality, 

•  Priflcipid,  lib.  iii.  prop.  23.  Neirton,  in  tlic  same  prnptKitinn,  make*  llie  in- 
equality of  the  Taurlh  i^ntHltilc;  depending  on  tlit!  ditlurbing  action  of  the  sun,  uid(  similBr 
Id  the  Fuiiar  vciriatiuo«,  t-qual  to  o  '  12  ", 

-f   Redit*n.-hc«  dcs  InL'g.iiilt-s  du  Jupilcf  cl  dc  SaJurue.     Pris  de  l'Arnd^eoi«,  tome  vH, 

t  Phil.  Tmn».,  I7afl. 

§  Bom  al  Parii  in  1736  ',  perished  by  tbc  guillotmc  in  1793. 
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m  magaeA  hj  observation,  the  tnas^  of  I  be  second  satellite  waj  b«  readily 
ietennined.  In  this  manner  Ballly  found  it  to  be  ec^ual  to  Q.OOOO^JIl, 
Jifitere  mass  being  supposed  equal  to  unity.  This  was  a  tolerable  ap- 
inxunalion  to  ilie  true  value.    Laplace  makes  the  mass  equal  to  0  J>000^.12. 

The  ineqoality  of  the  second  satellite  is  e.3seiitially  a  more  complex 
ffaenoiiienoa  than  that  of  the  first,  for  it  depends  ou  xhe  combined  action 
rf  ihe  firsi  and  third  satellites.  lu  forui,  bowever,  tbc  two  inequsJitJes 
hb  preeiselj  similar,  the  effects  of  the  disturbing  bodies  in  the  tlieorf  of 
ti»  weoDd  satellite  being  blended  together  so  as  to  form  one  great  inequa- 
fitf,  governed  bv  tlie  same  law,  and  extending  orer  the  same  period  as 
the  ineqaality  of  the  first  satellite.  This  singular  coincidence  derives  its 
od^  Irom  two  remarkable  relations,  connecting  together  tlie  mean  Ion- 
git&des  and  meait  Biotions  of  llie  three  interior  satellites.  Bailly  fuuud 
dot  the  equation  of  sensible  magnitude,  depending  on  the  action  of  the 
fimaiellitf,  is  e3tpres?>ed  bv  the  sine  of  the  difFercnce  between  the  mean 
bagititdca  of  the  first  and  second,  and  that  the  equation  of  a  similar 
Mtnm,  depending  on  the  action  of  the  third  satellite,  is  expressed  bj  the 
UM  of  tvic#  the  difference  between  the  mean  longitudes  of  the  third 
•ad  Beoood*.  Kow.  obsenation  shewed  that  these  two  arcs  difiTered 
fnm  IdO*  hj  only  a  veiy  small  quantity,  Wargentin's  tables,  in  fact, 
pappose  the  difference  to  be  equal  only  to  30'  at  tlie  commencement 
of  Ute  year  ITftO.  The  arcs  being  therefore  nearly  supplementafy  to 
earh  othrr.  it  followed  tlint  their  sines  were  equal,  and  heuce  Bailty 
«as  enabled  to  combine  the  twn  equations  together,  by  merely  adding 
&eir  coefficients  and  retaining  either  of  the  arguments.  It  is  in  con- 
vqoeoce  of  this  union  of  the  etlects  of  the  two  disturbing  satellites  that 
liie  inequality  of  the  second  satellite  exceeds  so  much  the  analogous  in- 
eqiadittes  in  longitude  of  the  ti rat  and  third. 

Hie  diensigemetiLs  produced  by  the  two  disturbing  satellites  being  thus 
eonfamded  together,  it  was  impossible  to  pronounce  how  mnc-h  of  the 
nnltisg  inequality  was  due  to  each  satellite  ;  and  hence,  in  oidi^r  to  de* 
tmotiie  the  masses  of  those  bodies,  another  independent  datum,  derived 
feoBD  obaervation,  was  indispensable.     Baiily  selected  for  tliis  purpose  the 

Kiop  of  the  nodes  of  the  second  satellite,  This  phenome not)  depends 
K  actioD  of  the  first  and  tliird  satellites,  and  nho  upon  the  disturb- 
Kecasioned  by  the  oblate  Agure  of  Jupiter.  Having  formed  an  inge- 
la  supposition  respet-tittg  the  deiisity  of  the  planet,  Bailly  computed 
vflect  of  his  oblaleness  in  disturbing  the  place  of  the  nodeiri,  and  then, 
cuibdadLiDg  the  resnit  from  the  ohaerved  motion »  he  obtained  the  quantity 
do*  to  the  action  of  the  two  satellites.  Cotiibining  tliis  datum  with  the 
Ode  aasigned  by  the  inequality  in  longitude,  he  determined  the  messes  of 

h)  both  eases  there  are  temu  dcfcndingr  on  the  two  arguments  mentioned  in  thn 

;  ImiI,  when  the  tint  tatellite  ii  (be  (Jist^rbing  bmiy,  the  term  bating  for  iti  ar^ment 

'Ifirrence  between  the  meiUi  longitudes  greatly  exceeds  »ll  the  ot&n ;    and,  on  the 

bvntl,  »beu  tji«  third  latellite  b  ibe  cltslurbingr  hoAy,  tlie  mott  coTHtdenble  term  in 

idtDg  on  tieia  the  (fiifetvncc  betwetrti  the  mean  lortt^itudes.     The  predominance 

in»  anse*  ftom  the  f«t,  llial  twice  the  mean  motion  of  the  Eecond  tAtelLitc  h 

equal  to  tbe  mean  molion  of  (he  firvt,  and  twice  ibc  mcivn  motion  of  ihe 

ite  is  very  nearly  equal  to  the  mean  motion  of  the  second.     Thei  ciroumatance 

caactlv  limitaf  to  tbat  which  gives  ri«e  to  the  lon^  inequality  in  the  theory  of 

^Stturn,  or  to  tlie  analpgoiu  tn«quitlilj  in  the  ihenry  nf  the  Katlh  and  Vcnu*. 

ea  of  the  Mtellite*  mffcr,  however,  from  thnse  just  cited,  in  being  indc- 

cccentndties.     Their  invc«LigBliDn  wilt  be  found  in  WcHMlhouM-'B  Physicnl 

iiiijf, dapter  xx.     For  the  more  intricate  part*  «f  ihc  theory  of  the  iatcllitei,  tee  (he 

iique  Ctlcste,  Uv.  viii. ;  alio  Mr*.  Sooienrille'i  Mecb«ii»ni  of  the  Heavctis,  book  it> 
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the  disturbing  satellites:  Imt  the  results  he  obtained  iu  tlm  iustaso^ 
were  bj  no  means  so  accurate  as  his  esdoiatiDD  of  tJie  mass  of  the  Sdcotid 
satellite. 

While  Bailly  was  engaged  in  these  researches,  the  Academy  of  So* 
ance»  offered  tlietr  prize  of  1766  for  an  investigation  of  the  ine qualities 
of  the  satellites.  The  successful  competitor  was  Lagrange,  whu  tmm^ 
mitbed  to  the  Acadenif  ft  magnificent  memoir  on  the  subject  Thk  illo^- 
trious  geometer  grappled  with  the  real  difficulties  of  the  problem,  wliicli 
it  must  be  aekuowledged  that  Bailljf  left  untouched.  When  the  orbits  of 
tlie  eatelHtea  are  supposed  to  be  circular,  and  their  planes  to  be  oil  coin- 
cident, the  effects  of  their  mutual  attraction  may  be  compnte4  in  any  in- 
BtftDce  by  considering  in  succession  the  action  of  each  body  upon  the  dis- 
tiirt»ed  satellite.  For  this  pur{:fose  the  method  of  approximation  employed 
in  the  lunar  theory  is  amply  suflicient,  and  by  means  of  it  the  inequalities, 
independent  of  the  eccentricities  and  inclinations,  may  be  eiisily  calca- 
Uted.  But  when  the  actual  conditions  of  the  orbits  are  taken  into  ac- 
count, the  mtituoi  perturbations  of  the  satellites  Vtecome  bo  entangled 
together  as  to  render  the  ordiuftvy  method  of  integiiition  totally  inappli- 
cable, and  it  becomes  absolutely  necesaiiry  to  devise  some  adequate  means 
of  8uri»ounttng  the  difficulties  of  the  proidem.  This  import^int  step  wsb 
aooomplished  by  Lagrange,  who  investigated  the  iuequalitjes  of  each 
•atellite  by  a  method  which  embraced  the  simultnucous  afiiions  of  the 
sun  and  the  other  tliree  satellites,  as  well  as  the  disturbance  arising  from 
the  oblate  hgureof  Jupiter.  This  comprehensive  mode  of  treuting  tJie  sub- 
ject entailed  upon  hira  an  extent  of  analytical  research  which,  to  um 
Delambre's  words*,  it  is  somewhat  frightful  to  contemplate.  Neglecting 
first  the  eccentricities  and  inclinatioua,  he  found  for  each  of  the  three 
interiur  satellites  an  inequality  in  longitude  of  437  days,  Cjorresponding 
to  tim  inequality  which  Bradley  and  Wargentin  originally  derived  from 
observiuion.  Wo  have  already  mentioned  that  Bailly  succeeded  in  com- 
puting iliese  iofipialities  by  the  aid  of  Clairaut  s  theory.  Lagrange  idso 
calculuted  the  value  of  the  analogous  inequality  of  the  fourth  satelLiie,  but 
he  found  it  to  be  insensible.    Delambre's  tables,  in  fact,  make  it  only  11». 

Considering  next  the  inequaUties  depeudeot  ou  the  eccentricities,  bs 
obtained  four  equations  of  the  eenU-e  for  e^u^h  satellite.  One  of  tbesd 
depended  on  the  satellite's  own  eccentricity,  the  other  three  were  Uw 
reflected  effects  of  the  eccentricities  of  the  disturbing  salellitea.  He  did  not 
determine  the  maximum  values  of  these  equations,  nor  did  he  perceive  th<e 
analogy  between  those  of  the  third  satellite  and  the  two  equations  of  the 
centre,  which  Wargentin  deduced  from  observation.  This  is  only  one  of 
t,  number  of  instances  in  which  this  great  genius  failed  to  derive  any 
aubstautial  results  from  his  brilliant  researches. 

Fiimlly,  he  investigated  the  etTects  of  the  disturbing  forces  perpendicU' 
lar  U>  theplimes  of  the  orbits,  and  obtained  for  each  satellite  four  eqmitiotia 
ef  latitude  similar  ta  the  four  equations  of  the  centre,  to  which  his  re- 
searches on  the  motion  in  longitude  conducted  him.  Ho  represented  the 
position  of  the  orbit  of  each  satellite  by  means  of  four  planes  paaaing 
through  the  centre  of  Jupiter.  The  first  of  these  revolved  upon  the  orbit 
of  the  planet  with  a  coustant  inclination  ;  the  second  revolved  in  a  niniikr 
manner  upon  the  Brst;  the  third  upon  the  aecond ;  and  finally  the  fourth, 

*  "  Urte  anHjyse  Douveltc,  puliBanlei  et  itout  lea  duvcloppemeni  ont  quelrtue  cboN 
d'effrajant."     Astronomie  Th^orique  et  Pratique,  tome  iii.  p.  49B. 


vkkh  ms  the  orbit  of  the  satelliiet  revolT^  with  a  constftni  inclination 
Qpoii  the  third. 

Lagruige  did  not  prosecute  his  researcbes  to  the  full  exteiii  of  hi.i  de- 
•agn :  he  concluded  by  luinoiincing  his  intention  of  rasumlng  the  subject 
on  iBome  foture  occasion.  He  did  not,  however,  at  any  period  of  hts  life, 
mlixe  thia  promise  ;  it  was  reserved  for  Lrfiplaco  to  establish  a  complets 
tkeoiy  of  the  ftatfllit^s  by  developing  the  views  of  his  great  rival,  and  en- 
xiebing  tbem  with  several  valutible  diBcavenes  of  his  own.  Ait  important 
nuBtilte  was  comtniited  bj  Lagrmige,  in  aisaiimiiig  that  the  plajie  uf  Jupi- 
ter b  «qQ&tur  coincided  vritb  dje  pkne  of  his  orbit.  He  vm  awiire  that 
tite  tKo  planes  did  not  exaii^tl^  coincide,  but  he  conceived  that  the  article 
«l  tneltiMttcn  was  so  small  that  the  dii^turbing  effect  would  be  iiisenhible. 
Ijplttoe,  however,  has  she^ii  that  some  of  the  most  remarkable  phi^iio- 
nflU  •ODSOcted  with  the  motions  of  the  satellites  derive  their  existence 
fam  this  eiroumst&nee. 

Tlid  reoeai^ches  of  Laf^mogo  did  not  in  any  degree  contribute  to  tba 
|tcJ66tbil  of  the  tables  of  the  satellites;  liut,  o-s  Ave  have  already  men- 
OOQid*  tboj  aiK>irded  some  valuuble  hinta  to  his  illustrious  con  tern  poraiy. 
Jwt  htkite  he  comnmnicated  his  memoir  to  the  Acnderny,  Baillj  publiahed 
bil  RMiliebes  in  a  treatise  entitled  '*  Easai  sur  la  Thi-orie  des  Satdlitea 
4t  Jtifnter."  He,  widi  good  reason,  euspeoted  that  Lagrange  might  on* 
tkijMtO  Mm  in  his  discoveries,  and  he  took  the  precaution  of  securing  his 
own  f%bt8  by  a  timely  publication  of  his  labours. 

In  1784  llftplace  commiioJL-Bted  a  memoir  to  the  Academy  of  Sdeuces, 
in  vUch  ho  explained  the  physiLial  origin  of  two  reniarkable  relations 
^lidiaonnect  the  three  interior  BateUitea,  Astronomerii  bad  discovered 
frpm  observation  tliat  the  mean  motion  of  the  first  salellite  was  nearly 
donttle  that  of  the  second,  and  that  the  mean  nioiioii  of  the  second  satel- 
bt<  was  nearly  double  thut  of  tbe  third.  It  hence  followed  that  the  moan 
motion  of  the  first  Haitlljtet  plus  twice  that  of  the  third,  was  nearly  &q\n\l 
tit  three  times  that  uf  tbo  Hocoud,  Another  relutiou  no  less  interesting 
ft!  ibn  following ; — the  mean  longitiide  of  the  first  satellite,  plus  twico 
tke  mean  longitude  uf  the  third,  minus  three  times  the  mean  longitude  of 
dM  aecoDd.  wau  alwaya  nearly  equal  to  IHO*^.  This  is  a  direct  conse- 
faento  of  the  rektiou  between  iho  menu  longitudes  to  which  we  have 
ifaei^  referred^  when  speakdug  of  the  inequality  in  longitude  of  tlio 
twoDd  satelbte. 

If  Ike  prcce<liiig  relations  Ijetween  the  mean  motions  and  mean  lon- 
gitudM  w«re  rigonotis,  it  would  follow  an  a  necesaar)*  consequeLico  that  the 
tbree  atitcUites  could  never  be  eclipsed  at  once.  Now,  it  was  found  that 
Ihi  tiibater  values  of  the  elements  in  question  very  nearly  satisfied  thi^ 
MnditioD.  Thus,  by  employing  the  longitudes  and  mean  motions  of  War- 
■Btia*  «nd  setting  out  from  tlie  epoch  of  his  tables^  it  has  been  caluu- 
litBd  that  aimultuneous  eclipses  of  the  three  tiatellites  catmot  take  p)ace 
More  the  lapse  of  l,317,00ij  years*,  and  a  difference  of  only  a  third  of 
I  annual  motion  of  the  second  satellite  wotild  suffice  to  render 

t      ^          Jtienon  for  ever  impossible. 

Liij'lace  suHpecled  that  both  rektiuna  were  rigorous,  and  that  the  small 
difcrenccs  which  appeared  to  exist  were  really  attribntable  to  errors  of 
obwrratioti.  He  therefore  instituted  a  searching  exuminati-m  into  the 
ttttorf  of  the  satellites,  in  hopes  of  discoveriog  the  source  of  these  singular 
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i*el)itiou3,  in  the  mutual  atlmction  of  the  Inodies,  In  this  scnitiuy  he 
wiis  iiot  disaiipointed,  having  found  their  physical  oiigiii  among  lie 
terms  involving  the  sfjuares  of  the  disturbing  forces.  It  appeared,  theo, 
from  his  researches,  1%  that  the  memi  ciotinu  of  the  first  satellite,  plus 
twice  tlie  mean  motion  of  the  third,  minus  three  times  the  mean  motion 
of  the  second,  is  rigorously  equal  to  zero ;  iJ",  that  the  mean  longitude 
of  the  first  satellite,  plus  twice  the  mean  longitude  of  the  tiiird,  minus 
three  times  the  mean  longitude  of  the  second,  is  equal  to  160", 
Delambre's  researches  afforded  a  most  sntisfactorj  contiiTnation  of  tlies« 
results.  By  comparing  together  a  vast  number  of  eclipses,  that  aslronomer 
found  that  the  relaiion  hetiveeri  the  mean  motions  differed  from  ^ero 
hy  only  0".007,  and  that  at  midnight,  on  January  1st,  1750,  the  relation 
between  the  mean  longitudes  differed  from  180''  by  only  1'  51"'.  It  is  not 
necessary  to  suppose  that,  at  the  origin  of  their  movements,  the  satell 
were  so  disposed  as  to  satisfy  accurately  the  above-men liooed  relnl 
between  the  epochs  and  mean  motions,  Laplace  shewed  that,  provided 
the  relations  were  tiuo  within  certain  limits,  the  mutual  attractioa  of  Uid 
satellites  would  subsequently  render  them  rigorous  *.  In  this  aise.  ih* 
mean  longitude  of  the  first  satellite,  plus  twice  the  mean  longitude  of  tb4 
third,  minus  tliree  timea  the  mean  longitude  of  the  second,  would  oseilktA 
round  180"  as  a  mean  value.  The  three  satellites  participate  in  ihvi 
oscillation ;  each  satellite  being  affected  to  an  extent  depending  on  its 
mass,  and  its  distance  from  Jupiter'a  centre.  This  phenomenon,  in  virtoe 
of  which  the  three  bodies  appear  to  balance  each  other  by  tiieir  move- 
ments, has  been  denominated  by  Laplace  the  liiration  of  tht  sateUiUt. 
The  period  of  libration  is  the  same  for  each  salellite,  and  is  equal  to  aa7<H 
18''  or  a  little  more  than  six  years.  Its  extent,  and  the  time  when 
it  is  equal  to  zero,  nre  two  elements  which  can  only  be  determined  by 
obsetii'ation,  Delambre  was  unable  to  discover  any  tmces  of  a  libmtorf 
motion  of  this  kind,  notwithstanding  the  vast  number  of  eclipses  \Fbich 
he  examined  m  the  course  of  his  researches  for  the  purpose  of  detemiming 
the  elements  of  Laplace's  theory.  It  is  clear,  then,  that  if  such  a  phei»- 
menon  does  actually  exist,  it  must  be  ul together  insigniiicant ; 
therefore  we  may  conclude  that  the  above  relation  between  the 
longitudes  does  not  at  any  time  differ  sensibly  from  1S0\ 

As  fur  then  as  observatitni  indicates,  the  above-mentioned  relations  an 
rigorously  true.  In  this  case  Laplace's  researches  tend  to  shew  that  they 
are  also  in  a  state  of  stable  equilibrium,  any  disturbing  force,  which 
not  exceed  a  certain  limit,  merely  occasioning  oscillations  of  the 
motions  and  epochs  on  each  side  of  a  mean  state.  This  eonditioQ 
stability  will  for  ever  prevent  the  inequality  of  the  second  satellite  from 
being  resolved  into  iu  constituejit  inequalities  depending  on  the  action  of 
the  first  and  third  satellites,  as  is  evident  from  our  explanation  of  the 


*  It  hm  b«en  fi-cquentlf  sHcrted  in  favour  of  the  octuikl  existence  of  lhe«e  libntion*, 
thai  it  h  nxtrcmely  tmprDbabte  (he  i-elutioii'i  between  the  epoohs  anil  mean  ninlian&  sliauid 
hnve  l>ceii,  nt  tlie  ongin,  rigoroiti^ly  truf.  This  argtimcnt  might  be  admitted,  if  Ibe 
arrangements  of  the  planetnry  h^sLcih  were  the  result  of  a  fuilnilom  cDmbinatHjo  of 
Circumfitancpft ;  but  ixtirc  there  exist  bq  uneqiiivcical  Tuanift^^tatioiis  of  a  Supreme  TntelJi- 
grnce  preiiding  over  (hfin,  it  Kivatini  much  les»  of  sound  phtSflsophy  than  of  impioui 
presumption.  The  malhcnijuicmn,  in  his  chamber,  miiy  fiiodiry,  ad  iibitum,  the  arbumrj 
COnitatKt  of  his  prublcui  «o  long  at  he  confinei  hb  spectilalioni  to  ideal  existences  ;  but 
when  he  prucetida  to  apply  his  principles  to  the  matcNal  universe,  he  must  acrept  the 
oontto.nt»  which  nature  olfi^r^  to  him,  without  huzArding  any  opinlan  revpeclmg  their 
original  condition. 
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CDOBnastaDCe?  wliicti  deierroine  the  complete  union  of  tbose  uiequalilie«?. 
£fche  disturbing  farce  should  «tceetl  the  jirescribed  limits  of  stabUitj,  &  11- 
bfttpij  motion  would  cease  to  take  place,  aud  the  two  ioeqimlities  of  the 
MMnd  satellite  would  then  Geparat^p  and  would  beucefom&rd  continue 
foibe  distinct. 

The  permanent  character  of  the  relations  diacovered  hj  Laplace  is  on« 
of  their  most  striking  peculiarities.  TUey  are  not  altered  by  any  secnlar 
iaeqttftlities  in  the  mean  motions,  for  these  will  be  so  determined  br  the 
tonttttl  attiaction  of  the  8atellit<?s,  tliat  the  secular  Inequality  of  the  first 
isiietltte,  plus  twice  that  of  th@  third,  minus  three  time^  that  of  tiie 
teeondL,  &hjill  be  always  equal  to  zero.  They  are  equally  indepeudent  of 
tbe  effects  of  a  resisting  medium,  for  the  accelerations  of  the  sateljitegj 
llule  descending  towards  the  pluuet,  v>ill  always  maintain  the  game 
rdilkti  as  that  which  connects  the  mean  motions.  Laplace  shewed  that 
Ibe  Ubratioii  extended  to  the  rotatory  motions  of  the  satellites'^.  The 
iHmetbn  of  Jtipiter,  ia  fact,  causes  these  movements  to  participate  iti  the 
Hcakr  inequalities  of  the  mean  motions,  and  consequently  maintains 
them  always,  so  that  the  rotatory  motion  of  the  first  aatellite,  plus  twice 
thai  u{  ihe  third,  minus  three  times  that  of  the  second,  is  equal  to  zero. 

We  have  already  mentioned  it  to  be  a  necessary  consequence  of  the 
rektiotiii  between  the  fpochs  and  mean  motions,  that  the  three  interior 
Melliies  of  Jupiter  can  never  be  eclipsed  at  once.  In  simaltaneous 
^lip^cs  of  the  second  and  third  the  first  is  always  in  conjunction  with 
Jnj'iUT ;  it  m  8lway><  in  opposition  in  simultaneous  transits  of  the  other  two. 
Although  no  libmtion  is  perceptible  in  the  satellites,  their  stability  is 
lialjle  to  be  disturbed  by  aii  extraneous  cause  acting  unequally  upon  them  * 
"'  '  f-tample^  by  the  pa^isage  of  a  comet  in  their  neigbbourhood.  If  the 
.ring  force  was  small,  it  wold  d  merely  occasion  a  libratory  uiHion 
umiliir  to  that  already  described  ;  on  the  other  hand,  if  it  exceeded  the 
prescribed  limit  of  sttibiUty,  it  would  permanently  alter  the  mean  motions 
andmesu]  longitudes  of  the  satcllilea.  In  either  case,  then,  the  presence  of 
tie  force  would  be  discoverable  by  means  of  it-j  observed  effects.  It  is  re- 
niirkable,  however,  that,  although  tlte  comet  of  1767  and  1770  passed 
through  the  middle  of  Japitera  system,  no  devnngement  was  observed  to 
Wisoo  in  consequence;  and  this  fiict  affords  concl«sive  proof  that  the 
Blisses  of  cumets  are  very  small. 

In  1788  and  1T89  Laplace  published  an  elaboraie  theory  of  the 
«itellite9  ill  the  volumes  of  the  Academy  gf  Sciences  for  those  years. 
By  memia  of  a  comprehensive  analysis,  iihich  embraced  all  the  causes 
of  pertnrbatioD,  he  computed  the  inequalities  of  the  satellites,  both 
a\  louptade  and  latitude,  and  obtained  results  which  proved  of  iu- 
tsJculable  service  to  the  practical  astronomer.  From  the  perturbations 
in  lougitade  he  derived  four  equations  of  the  centre,  after  the  example  of 
Lagrange,  who  had  been  conducted  to  a  similar  couclusiou  by  his  researches 
ia  ITI^ft,  Tlie  orbit  of  the  first  satellite  being,  according  to  all  appeamnce, 
perfectly  circular,  and  the  orbits  of  the  second  and  third  being  nearly  so, 
the  three  equations  of  the  centre  depemliog  upon  the  dL^tJjrbing  satellites 
•te  gcncmlly  insensible,  with  the  exception  of  the  one  in  the  third  satellite 

•  In  J"  13  Maraldi  I.  concludei),  from  ihe  |tcriodic  appeamnce  of  certain  dpois  on  the 
faunl;  4aietUlf,  that  it  had  a  rntalor}'  motion  round  a  fixed  »!■,  which  wa^  fijuaJ  to  its 
laoboo  round  ila  primAry,  as  in  the  ca^  af  tttc  moon.  Thla  rurious  fact  hu  been 
««fimied  by  the  ob»er*aiions  t»F  succeeding  Bsironoracra,  and  has  Iweu  found  to  be 
tPK  for  «U  toe  oteltitea. 
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depending  upon  the  action  of  iJae  fourtL,  the  orbit  of  which  is 
eccentric.  The  cornbinatiou  of  this  equation  with  the  satell lie's  crwu 
of  the  centre  gives  rise  to  a  single  equation  of  variiable  magnitude,  whicli  injr 
]>ftrt8  aaomewhat  coniphcated  character  to  the  motion  of  the  satellite,  add 
renders  it  difficult  to  trace  the  respective  Bources  of  each  inequalltj  hy  tbi 
aid  of  mere  observation.  Laplace  found  from  theory  that  the  lower  apeidea 
of  the  two  satellites  coincided  in  the  year  1 68'2 ;  and,  in  oon&equence,  the  tiw 
oqiuition^}  combined  together  into  one  equation  equal  to  their  som, 
ainomitiiig  Lo  796". 411  of  space.  In  1777  the  lower  apsis  of  the 
satellite  had  advanced  180°  beforo  that  of  the  fourth,  and  the  resultiziff 
tiou  was  equal  ontj  to  the  differenc©  of  the  two  elementary  equations.  In 
position  it  therefore  only  amounted  to  307".051.  These  resulta  are 
conformable  to  those  which  wc  have  seen  that  Wargentin  and  etiber 
ftati'nnomera  had  previously  derived  from  obseniition.  In  bis  rese^xchss m 
the  perturbtiiions  in  latitude,  Lapliice  gave  a  strong  proof  of  Ma  eagacitjti^ 
taking  into  account  the  effect  of  the  irichnation  of  Jupiter's  eqaator  ta  hb 
orbit.  Wo  have  already  remarked,  that  this  important  element  of  distiirb- 
anm  ytm  entirely  omitted  by  Lagmnge. 

The  general  tendency  of  Jupiter's  elUpticity  is  to  draw  the  satellitea  into 
the  phme  of  his  equator.  This  is  clearly  seen  in  the  actu&l  positions  of 
the  orbits,  whicli  in  each  ca&e  deviate  ty  a  greater  extent  from  the  plane  of 
the  equator,  according  as  the  satellite  is  more  remote  from  itd  primary. 
The  ittclinationa  of  the  orbits  had  occasioned  much  trouble  to  astxonotnen, 
chiefly  in  consequence  of  the  difficulty  of  finding  a  plane  of  referent*?  with 
which  they  might  be  connected  by  fixed  relations.  Laplace  discoTert-d  that 
the  orbit  of  each  satellite  revolved  with  a  constant  inclination  upon  a  Hxed 
plane  contained  between  the  planes  of  Jupiler  a  equator  and  orbit,  and  passing 
through  their  common  interaectiou.  If  there  liad  been  no  otlier  disturbing 
bixly  than  the  sun,  the  fixed  plane  of  each  satellite  would  have  been  the  plftDd 
of  Jupiter's  orbit ;  also,  if  the  protuberant  matter  around  Jupiter's  ^oator 
alone  disturbed  the  satellite,  the  fixed  plane  would  have  coincided  with  the 
plane  of  his  equator ;  and  a  similar  result  would  follow  if  any  of  the  other 
throe  e>atelHtes  were  the  fiolo  disturbing  body.  It  is  clear,  then,  thftt  the 
actual  position  of  the  fixed  plan©  will  in  each  case  be  determined  by  d 
reference  to  the  oi>ix>3ing  tendencies  of  the  five  disturbing  forces,  and  it 
will  mimifestly  hold  an  intermediate  place  between  the  planes  of  Jupiter's 
orbit  and  equator,  which  are  the  two  extreme  planes  in  ■which  theso 
disturbing  forces  act.  This  concluaiou  agrees  with  what  vre  have  mentioned 
above,  relative  to  Laplace's  determination  of  these  plajies.  The  fixed 
plane  of  Cfirh  satellite  might,  therefore,  be  considered  as  the  resultant 
plane  of  the  disun-bing  forces ;  and  the  motion  of  the  nodes  upon  it  was 
accordingly  found  by  Laplace  to  be  retrograde,  conformably  ^witb  lh« 
genend  effect  of  a  diiiturbing  force  acting  continually  in  the  plane.  This 
result  oflered  a  satiafflcLoiy  expbination  of  the  curious  movements  of  iha 
nodes  on  the  plane  of  Jupiter's  orbit ;  phenomena  which,  when  first  reoog*- 
niaed  by  nhtronomers,  appeared  to  be  irreconcilcable  with  tJie  principles  of 
the  Newtonian  theory,  in  consequence  of  the  plane  of  Jupiter's  orbit 
having  been  erroneously  aa-^iumed  to  be  the  plane  of  the  disturbing  fore*. 

The  disturbing  force  which  exercises  most  influence  in  determiuing  the 
positions  of  the  hxed  planes,  is  diat  arising  from  the  ellipticity  of  Jupiter; 
and  this  force  is  obviously  more  effective  relatively  to  the  sun's  action, 
aeeording  as  the  satellite  is  more  remote  from  its  primary.  The  inclina' 
lion  of  Jupiter's  equator  to  hh  orbit  is  3"  0';  but  the  inclinations  of  the 
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ftn4  pbmes  of  the  satellites  towardi^  Jupiter's  equator,  counting^  from  the 
list  satellite,  are  only  T',  V  3",  5' 2",  W  83". 

As  the  nodes  of  the  Sfttellites  all  regress  upon  their  fixed  planes,  the 
dUftoMl  positions  of  the  orbits  will  be  eontinually  varyiuf* :  and  this  cir- 
emetamre,  by  occasionLtig  a  continual  alteration  of  tJie  mutual  action  of 
tbfl  aatelliies,  will  disturb  the  absolute  positiong  of  the  ovhitB.  Laplace 
expnaBed  tlie  latttttdc  of  each  Batellite,  relative  to  the  plane  of  Jupiter's 
krCtt,  br  me&its  uf  five  tertoy.  The  first  of  these  depended  on  the  position 
bi  the  ttxed  plajie,  with  respect  to  the  planet's  orbit  *  the  second,  on  the 
tDclinalion  o?  the  aalelUie  toward:)  its  Qxei  plane;  the  other  three  were 
Jetermiiied  bj  the  [xtsitions  oi  the  nod«s  of  the  disturbing  satellites  on 
thdr  fixed  planes  *. 

Hk  aniUjlieal  earpwesinn  vrhich  Laplace  obtained  for  the  latitude 
■■ibted  hiia  to  explain  the  singular  changes  which  astronomers  had 
ICBMfketi  in  ilie  inclination  of  the  fourth  satellite.  From  16«0  till  J 760, 
the  mettnation  appeared  to  have  been  stationary  and  equal  to  iibdut  '2°. 4  ; 
•noe  17110  it  had  been  sensibly  increasing.  Now,  Laplace  fomid'from 
liKotj,  that  in  16^0  the  iiicliimtion  was  equal  to  S^.iTB;  iiii  10*30  it 
■Boont^d  to  ^A4%,  and  in  J7()l>  to  £2^441.  It  reaehed  its  minimum 
in  17fi6.  Siuce  that  epoch  it  had  been  contitantly  increasing;  when 
eaBtpatc<!  for  1800,  hy  Laplace's  fonnaln,  it  is  found  to  amount  to  ^^.5701, 
•*Ii  is  eoriow,"  says  Laplace,  "  to  see  thua  emanating  from  analysts  those 
■Ojpihir  phenomena  which  ohnervation  has  partially  disclosed ;  but  which, 
fram  the  corabiuation  of  many  simple  inequalities!,  are  too  com- 
to  allow  the  diacovery  of  their  lawa  by  astronomers."^ 
the  motion  of  each  satellite  is  determined  by  three  differential 
of  the  second  order,  the  motions  of  the  four  satellites  will  he 
lllinidned  by  twelve  swch  differential  equations.  The  integration  of  these 
dqiataoiia  wiU,  therefore,  iuvolvo  twenty-four  arbitrary  constants ;  the 
Tdnet  of  which  must  be  derived  from  observation.  Besides,  these  twenty- 
iw  ninstants,  there  are  seven  others  which  it  is  necessarj'  to  determine 
kfon  tables  of  the  satellites  can  be  constructed  upon  the  basis  of  their 
fhiMal  theory.  These  are— the  masses  of  the  four  stiteliites  :  the 
tllftitteity  of  Jupiter  ;  the  inclination  of  his  equator  to  his  orbit ;  and  the 
tmaiim  of  ilje  nodes  of  his  equator.  Five  phenomena  were  selected  by 
Liplaeo  fts  best  adapted  for  assigning  the  ma<^se8  of  the  satelhtes  and  the 
^Bipticity  of  their  primary.  The  first  of  these  was  the  inequality  in 
Vangitodo  of  the  first  satellite,  extending  over  the  period  of  437.fl5U'*, 
thidi  TVgtores  the  eclipses  of  the  three  interior  satellites  in  the  same 
opJer.  As  thia  inequality  depends  on  tlic  action  of  the  second  satellite,  it 
]EWe  him  the  tnass  of  that  body  with  great  accuracy.  The  similar  ine- 
quality of  the  secmid  saltdlite  depends  upon  the  combined  actions  of  the 
inl  «nd  third  satellites  ;  it,  was  the  second  datum  employed  by  Laiplace  in 
these  TBseBrches.  The  third  datum  was  the  motion  of  the  nodes  of  the 
snr  wtetUte ;  a  phenomenon  which  depends  uj>on  the  action  of  the  iirst 
mA  third  aaieUites,  and  upon  the  disturbing  influence  of  Jupiter's  elljp- 

*  TTjc  fixed  plnncj  of  the  ralellitea  are  not  absolutely  i[nmove>iiblc,  imco  tbclr  positions 
III  deteriainctl  by  tho«;  ut  Jupilcr'*  orbh  and  equator,  both  of  wliich  arc  continually 
iiinio^  ;  the  former  from  the  action  of  the  plaiiLia  upon  Jupiter,  the  Iflttfr  from  the 
aeUm  uf  th«  lun  and  the  iatcUiles  upon  the  redundnnt  itifltTer  accumulated  round  his 
tfator,  Laplace  took  inlu  account  the  efleets  of  butli  thtaa  chapges  In  coiuputinfjf  the 
hduuitt  of  the  tttelLite&. 

An  tnleKSlaif  account  of  the  perturbatiaiu  of  Jupiter's  MtcllUes  will  be  found  in  Aire's 
Itathe  on  Oravitab'an. 

t  Ht^  Cel>  tome  iv„  P^f.  p.  %vr. 
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ticity.     The  fourtli  datum  vraa  the  equation  of  the  centre  of  the  thirl ' 
satellite,  depending  on  the  position  of  the  penjove  of  the  fourth.     The 
fifth  was  the  motion  of  the  apsides  of  the  fourth  Batellite.  | 

By  companng  these  data  with  his  anaJyliciil  formulEe,  Laplace  determioddi 
the  masses  of  the  satellites  and  the  ratio  hetween  the  equatoiial  and  polftT 
axes  of  their  primaiy.  It  appeared  from  his  results  that  the  third  sat^llit 
contained  the  greatest  quantity  of  matter,  and  the  first  satellite  the  It 
The  mass  of  the  third  satellite  was  found  to  bs  about  double  the 
mass,  and  that  of  the  fourth  satelUte  was  equal  to  it.  By  assuming  the" 
equatorial  axis  of  Jupiter  to  be  equal  to  unity,  he  found  that  the  polar  axis 
was  equal  to  .0386,  It  heuce  followed  that  the  lengths  of  the  polar  and 
equatorial  axes  were  veiy  nearly  as  ItJ  to  14;  a  result  which  altnost 
comcides  vsith  that  derived  from  micrometric  measurements  ot  the  two 
axes,  Laplace,  indeed,  considers  that  in  this  case  theorj'  conducts  to  * 
more  accurate  result  tlian  direct  observation.  It  is  assuredly  oue  of  tli# 
greatest  triumphs  that  the  human  muid  can  hoast  of^  to  have  been  enabled 
to  determine  the  precise  shape  of  the  planet,  by  merely  observing  tht| 
eclipses  of  the  small  bodies  which  circulate  round  him.  \ 

Delambre  determined  the  thirty-one  elements  of  Laplace's  theory  by, 
compaiing  together  a  vast  number  of  eclipses  observed  by  astronomers  al? 
different  periods.  Having  executed  this  important  task,  he  then  corn^ 
pnted  the  numerical  values  of  all  the  equations,  and  employed  them  in  lilt 
CDiielruction  of  ecliptic  tables  of  the  satellites.  These  tables  were  int* 
serted  in  the  third  edition  of  Lalande's  Astronomy,  which  was  publidi*4| 
in  the  year  179^,  and  were  found  to  surpass  greatly  in  accuracy  the 
of  Wargentin,  and  those  of  all  preceding  astronomers. 

The  eclipses  of  the  first  satellite  originally  led  to  the  discoveiy  of 
Buccesaive  propagation  of  light,  and  this  important  doctrine  was  afterwarda; 
established  ujwn  an  indisputable  basis  by  Bradley's  discovery  of  aberra^ 
tion.  Laplace,  however,  conceived  that  the  order  of  the  inquiiy  might  bflf 
inverted,  by  deriving  the  raaximuni  value  of  abenution  from  d:e  velocit|C| 
of  light,  as  indicated  by  the  eclipses  of  the  satellite.  Having  suggestdll 
this  view  of  the  question  to  Delambre,  that  indefatigable  ajstroiiomer 
wndertooli  the  laboiioua  task  of  computing  the  velocity  of  light  by  tha 
discussion  of  a  great  number  of  eclipses  ;  and  from  the  result  obtained  " 
him,  he  concluded  that  the  maximum  value  of  aberration  is  equ^ 
20'".25,  This  value  agrees  precisely  with  that  which  Bradley 
from  direct  Dbaer\'ation3  on  a  great  number  of  stai-s.  It  is  interest 
trace  so  close  an  agreement  between  two  methods  so  widely  diflereut.  This* 
coincidence  shews  that  the  motion  of  light  is  uniform  within  the  eartb'ft| 
orbit,  for  tho  aberration  is  derived,  in  the  one  case  from  the  velocity  oif 
light  in  the  earth's  orbit,  and,  in  the  other  case,  from  the  time  which  il 
takes  in  traversing  the  diameter  of  tlie  orbit.  Its  motion  is  also  uniforni' 
within  the  orbit  of  Jupiter,  for  the  variations  of  the  radius  vector  of  thfti 
planet  are  very  sensible,  and  the  differences  in  the  times  of  eclipses  which 
these  occasion  are  found  to  corre.=ipond  exactly  with  the  supposition  of  the 
uniform  motion  of  light. 

*  Tlic  followin^^  are  the  valuer  of  ihe  [aass<«  of  the  gatclUt^  as  ^lvcr  by  Lsploce  in  iImIiJ 
Mccairif^uQ  Ct-lcsle,  liv.  viii,  chap.  viii»,  Jupiter's  moss  being  supposed  equal  to  unit| 
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Setubr  VirutioDS  of  the  P1anifti,>^Etemcnt9  of  tlio  Terrestrial  Orbit V^rintioni  ot  ihe 

EecRitriei>]r<<— MdtiDD  of  the  Aphelion. —  Qhliqutty  of  iKe  Ecliptic. —  lis  bccuIbt  Varia- 
Computed  by  Tbeofy. — EuJer.  —  Lagmnge. — Ijaplace. — Influence  of  the  dJJtplace- 
not  df  die  Ediptic  on  the  length  of  the  rroptcal  Year.-  Indirect  Acti^in  of  the  PJant-ti 
« the  lFR««trial  Spheroid. — Its  effect  in  re«tricling  the  Variations  of  the  Obliquity  of  lh« 
Ediplic  *nil  tiie  length  of  the  tropical  Year.— Inranahle  Plane  of  the  PlBnctnry  Bym- 

lem.— Thfeofj  &f  Comcti. — Hevelius Borelli. — DilrfeL— SubJectioB  of  the  Molioni 

of  ConKti  to  the  theory  of  Graritatiou  by  Keicton.— Halby— CUir{iut._Rc»eiirches 

ot  LtgKOgs  on  Coroet4i^-  Pcrturbaiion Lcxeir«  Comet.  —  Its  Perturbations  invMli- 

pled  hf  Laplitv. — Publieatinn  of  the  Mecani()Ui;  C^tc^tc.^  General  Rcflecltoiu.  on 

tie  Progre»  of  Phj»ical  Mtrojiomy. 

m 

Tm  theory  of  tlie  secular  vnriatioiia  of  the  elements  of  the  planetarf 
orbits  forms  one  of  tUe  moat  interesling  subjects  of  physical  aatrooomy, 
TIm  kctool  existeQc^  of  some  of  these  variations  wa.s  long  a  disputed  point 
«Hh  istftmomers :  but  they  have  been  estahlisbtil  bovond  nil  doubt  in 
ncmt  tinias  by  the  accuracy  of  modem  ohservatioiii*.  'I'he  secular  varifl- 
iWBs  of  the  terrestrial  oibit  Uavc  naturally  excited  a  more  lively  interest 
ibta  the  others  of  the  same  class,  ou  account  of  their  connexion  with  tlie 
j»bTstcal  conditwn  of  the  earth.  The  investigation  relative  to  the  ecceu- 
tricity  13  manife-^tly  an  object  of  the  highest  ini|iortjiuce,  since  the  indefinite 
iueraue  of  that  element,  at  however  slow  a  rate,  would  ukimalely  occasion 
Mchvblent  tlfertiations  of  beat  and  cold  at  the  eai'tb's  surfaee,  iu  the  course 
cf  erery  year,  as  utterly  to  destroy  the  e.^istiiig  economy  of  animal  and 
legftable  life.  The  sublime  researches  of  Ijigrang©  have  shewn,  however, 
ihu  Goch  a  condition  cannot  possibly  ensue  ;  for  the  t^^rrestiijJ  eecentrjcity 
fiU  alw&ys  be  maintained  by  tbe  OiCtiou  of  the  planctfs  within  ceriaia 
ftiirow  limits  between  which  it  will  perpetimlly  oscillate.  At  present  it  is 
dimiuisbing  at  the  mte  of  18"  in  a  oeidury.  An  immense  number  of  nges 
nil!  elapse  before  it  reach  its  raiuinium  state ;  but.  when  this  takes  place, 
4  will  tbeo  pursue  a  contmn-  order  of  variation,  ineroasitig  at  the  same 
ibv  rate  an  that  at  vvliich  it  bad  previously  diminished.  We  have  seen 
tiMi  the  variation  of  this  element  forms  the  medium  through  wliich  tbe 
Ictioo  of  the  plaireta  is  propagated  to  the  moon  ;  occasioning  thereby  the 
Mcular  inequality  iu  the  mean  motion  of  that  body,  which  vaa  so  loi^g  the 
woe  of  embarrassment  to  mathematiciana  atid  astronomers,  mitil  ita 
I^Tsical  origin  was  at  leugtti  discovered  by  Laplace. 

The  motion  of  tiie  earth's  aphelion  was  first  aisfovered  liy  the  celebrated 
Anbian  astronomer,  Al  Batani.  A:*  iu  the  case  of  the  lunar  apogee,  it 
idifiinces  in  the  order  of  the  iigns,  though  at  a  much  slower  rate.  Ita 
vaual  motion  is  estimated  at  ii"  or  13".  Tbe  variation  of  this  element 
kmlertstiDg  on  ncconnt  of  (he  clear  B»idenue  it  affords  of  the  disturbing 
Ktioti  of  tlie  plancUi  on  the  earth ;  but  it  obviously  cannot  exercise  any 
ttfltfesaee  on  the  physical  condition  of  the  latter. 

Bol  the  question  is  Tery  different  when  we  consider  the  position  of  the 
ttrth's  orbit.  A  variation  of  this  kind,  by  altering  the  obliquity  of  the 
MHptic,  «ocild  manifestly  nflect  the  temperature  and  climate  of  the  earth 
ban  equal  degree  with  the  variation  of  tho  cccentricitj'.  The  true  stAte 
of  the  obliquity  of  the  ecliptic  vtaa  long  a  subject  of  controversy  :  some 
■stmtwmer^  asserting  tkit  it  ^vas  invariable,  ^vhile  others  maintained  that 
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it  wag  constantly  dimiuisUing.  The  earliest  measurement  of  it,  if  we 
exclude  the  records  of  Eastern  tiaUoaa,  is  due  to  Eratoatlienes,  who 
flouriahed  about  the  year  iHO  a.c.  This  astronomer  found  the  angle 
between  the  Lropios  to  ainount  to  47''  4tJ'  97",  vhence  tlie  obliquity  oSdsa 
ecliptic  was  equal  to  23°  51'  15".  Al  Batiini,  in  tlje  ninth  century,  tbted  it 
at  23°  35'.  WalLheruB,  the  tjeniiaa  astronomer,  iiuule  it  23'  29'  47"  about 
the  close  of  the  fifteenth  century ;  and  Tycho  Bralie  made  it  23*"  Sis' 
about  the  year  1581.  liiccioli,  Gaasendi,  and  Flamstead  maiutoined  that 
tbo  obliquity  was  invamble,  ascribiug  the  diacordancei*  of  astronomdis 
wholly  to  ormra  of  observation.  On  the  othi?r  hand,  Boiiillaud  and 
Wendelin  contended  that  it  was  continually  dimini.shiug;  and  this  opinion 
was  urged  with  groat  ability  by  Loiiville,  in  the  Memoirs  of  the  Acad^i&y 
of  Sciences  for  1710.  About  the  middle  of  the  last  century,  Bmdl^i 
Lacaille,  and  Mayer  found  the  obliquity  to  be  23"  28'  18",  and  in  18(00, 
Dekinbre,  Mer.haifl,  rav\  Lffranijiua  made  it  23"  28',  Tims  it  appears 
that,  alUioiirth  the  earlier  observations  are  not  entitled  to  much  confidence 
when  considered  by  themselves,  the  aggregate  of  the  resnlta  indicates 
beyond  all  question  a  constflut  dimihution  of  the  oblii^nity. 

Euler  firat  explained  the  variation  of  the  obliquity  of  the  ecliptic  by  the 
theory  of  gi'avitiition.  In  his  memoir  of  1748,  be  showed  that  the  action 
of  Jupiter  on  the  earth  would  occasion  a  diaplocement  in  tlie  plane  of  the 
ecliptic :  tending  In  bring  it  nearer  to  the  equator.  He  iuTestigated  the 
same  uubject  more  completely  in  tl)e  Berlin  Memoii-s  for  1754,  and  also  in 
hi«  memoir  on  the  perturbations  of  tJie  Planets,  which  was  crowned  by 
tiiG  Academy  of  Sciences  of  Pari;*  in  17*ifi.  On  the  last -mentioned 
occasion  he  madt^  the  secular  diminution  equal  to  48'',  a  quantity  which 
ditleni  only  alujut  vi"  from  the  most  recent  determinations  of  astronomers*. 

Lagrange  computed  the  diminution  of  the  obliquity  in  the  Berlin 
Memoirs  for  1782,  and  obtained  01  ".5  for  the  amount  of  the  Neeular 
ynrialion.  This  result  h  universnlly  nllowed  to  be  too  great.  The  sonrc* 
of  Lagrange's  error  doubtless  liiy  in  the  erroneous  value  which  he  assumed 
for  the  mass  of  Venus,  the  plnnot  which  exercises  the  greatest  influence  on 
the  position  of  the  ecliptic. 

An  iutercsting  qnestiun  arises  :  will  Ibc  obliquity  condnnally  dlimiiiisli 
until  thf!  equator  and  ecliptic  coinddo?  If  thi^  should  happen,  the  sun 
will  doily  attain  the  same  meridional  altitude  as  at  the  equinoxes,  and  an 
eternal  spring  will  reign  over  the  whole  earth,  Lagrange  first  shewedl 
that  such  a  conditiLin  cannot  possibly  exist ;  the  mutual  action  of  the 
planets  oci:asioning  only  umall  oscilhitions  in  the  pi>>>itions  of  their  orbit". 
The  ecliptic  will,  therefore,  oontinuo  to  approach  the  eqtmtor  until  it 
reach  the  limit  assigned  by  tho  action  of  the  perturbing  forces,  after  which 
it  will  gradually  rcoode  from  that  piano  according  to  the  same  law  as 
that  which  determined  its  previous  approach-  Tlfe  diminution  of  the 
obliquity  b  not  unifnrm ;  but  (lie  law  of  varifltion  can  only  Iw  aBcertained 
by  tlieory.  Tho  formula  for  computing  the  obliquity  corresponding  to  any 
assigned  time  may  be  thus  expressed  :— &  =  23°  27'  o4".8— 0".  48Mrj(jGr— 
0",  iilMHJOfir'-,  t  df noting  the  number  of  years  before  or  after  IRfltl,  This 
fnrnnda  will  be  accurate  enough  for  all  the  purposes  of  astronomy,  when 
the  value  of  t  does  not  exceed  ten  or  twelve  centiudes;  it  will  even  serve 
for  all  the  ancient  obaervatiuna,  when  wo  tako  into  account  the  uncertainty 
tliat  bang^  over  them.     In  tlie  lapse  of  ages  the  law  of  variation  will  \>9 
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is  of  much  more  recent  date.  Laplace  found  by  computation 
ill  the  ypHj-  1250  a.d.  The  solar  perigee  then  coincided  with 
m  winter  solstice.  He  therefore  proposed  that  the  year  1250  ad.  ebould 
be  o«ed  as  a  universiil  eptjch,  and  tlmt  the  tii-st  day  uf  the  year  should 
bec^a  with  the  passage  of  the  sun  through  the  venml  equindx  ^k 

Ao  interesting  discovery  lo  which  Laplace  was  conducted  b)-  his  re- 
seuciies  on  the  planets  was  the  eustejiee  of  au  imariuUe  plaue  in  the 
wkr  iryatem-     It  is  well  knowji  that  astronomers  generally  its.  the  pnd- 
tioD  of  a  celestial  body  by  determinljig  iis  distanees  with  respect  to  two 
groat  cin^les  of  the  celestial  sphere  at  right  angles  to  each  other.     If  the 
phnes  of  these  eU'cles  be  immoveable,  it  is  clear  that  observations,  however 
nmierous  or  distant  from  eaeh  other,  may  be  referred  to  thcra>  and  any 
dM&ges  of  peraitiuu  which  may  have  oecuiTcd  ivill  be  discovered  by  a  com- 
poiROst  of  the  recorded  distjuicea  from  each  circle.     On  the  other  hmid. 
if  the  position  of  the  correlative  planes  be  variable,  it  is  equally  undehi- 
ible  that  any  conclusions  dmwn  from  such  a  comparison  will  be  totally 
vitiated,  «t  leai4t  uiilciid  due  account  be  taken  of  the  altered  position  of 
the  [tlaue^  ut  the  time  of  eflch  obsenatiou,     Now  as  the  orbits  of  all  the 
jjlaaets  are  eoutiimally  shifting  their  positions,  in  consequence  of  the 
toutoai  altractiou  of  the  several  bodies,  it  is  impossible  to  use  any  of 
their  plarje*  a^  the  plane  of  oue  of  the  great  circles  ef  inference ;  and  the 
same  may  W  said  of  the  plana  of  the  equator,  the  position  of  which  is 
contiuiiftUy  varyiug  from  the  actiou  of  tlie  sun  and  moon  upon  the  terres- 
trial  spheroid-     It  becomes,  therefore,  highly  desirable  to  disixiver  some 
e,  the  pcisition  of  which  shall  le  independent  of  the  mutunl  pertiirba- 
of  the  planetiu,  and  which  may,  therefore,  be  used  as  a  common  ground 
coniparing  distant  obsenations  j.    Tins  important  object  was  effected  by 
iplace,  who  ascertained  that,  amid  the  disturbances  to  which  the  planets 
uually  exposed  by  their  mutual  attraction,  there  exists  an  Jnvari- 
_      e,  about  which  the  orbits  perpetually  oscillate,  deviating  from  it 
lo  a  very  small  extent  on  either  aide.     This  plane  passes  through  the 
tie  of  gravity  of  the  solai-  system,  and  it  is  so  situated,  that  if  all  the 
be  projected  on  it,  and  if  the  mass  of  each  planet  be  multiplied  into 
corresponding  lo  any  given  time  which  is  described  by  the  pro- 
jected radius  vector,  tlife  sium  of  such  products  will  be  a  maximum.     By 
neuis  of  this  property,  which  is  independent  of  any  particular  epoch,  it 
*^!  be  easy  for  astronomers  in  future  ages  to  deteiTnine  the  exact  position 
the  plane,  and  to  compaj'e  observations  together  by  means  of  it  t- 
This  plane  is  not  peculiar  lo  the  solar  ajstem,     It  exists  iu  all  those 
fjstems  vfberein  the  bodies  are  not  exposed  to  any  other  forces  than  those 
trising  from  their  mutual  attraction.     Its  position  in  the  solar  Bysitem  has 
been  calculated,  by  referring  it  lo  the  plane  nf  the  ecliptic,  con'ea^ioudiDg 
to  the  year  1750.     In  this  manner  it  h  fouukl  that  the  inclination  of  the 
plane  is  1»  SS'  31",  and  tlje  lougitude  of  the  ascending  node  102°  &1' 
SO",     If  a  similar  calculatinn  be  made  for  the  year  11150,  the  jncliuation 
be  1»  35'  ill",  and  the  longitude  of  the  nude  Uld«"  (tT  Vo",     The 
_     nienl  of  these  results  is  very  surjirising  when  we  take  into  account  tho 
't^c^ruunty  that  prevails  respecting  the  masses  of  several  of  the  plaaets§. 
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We  shall  now  proceed  to  give  some  4iccount  of  the  researches  of  attio* 
nomerfi  on  liie  motions  of  comets.  These  bodies  were  genenilly  Lt^nsytnd 
ty  be  meteoric  substances,  geufrated  in  the  upper  regions  ©f  the  fttuMi' 
sphere,  uDtLl  Tycbo  llmhe  denioiistratcd  that  ihey  were  situated  beyoikd 
the  nioon  s  orbit.  Ttuit  tistronomer  erred,  however,  in  auppasing  them  U» 
revolve  iii  circular  orbits,  nor  did  Kepler  approach  iieurer  the  li-uth  when 
he  nffirraed  tliat  they  moved  in  straight  lines,  Hevelius  first  retn&rked 
that  iJie  paths  of  comets  are  curved  near  the  perihelion,  the  concave  side 
being  luroetl  towards  the  fiiui*.  He  even  throw  out  the  suggestion  that 
the  form  of  the  curve  might  be  a  parabola;  but  he  did  not  assert  tknt  the 
uua  would  oct?upy  the  focus,  Borelli  also  about  the  ssnie  time  hinted 
that  the  orLits  of  comets  might  be  either  pamhoUe  or  elliptic.  Dorfcl, 
a  native  of  Upper  Saxony,  was  the  Jirst  person  who  pruveil  that  romeia 
move  iu  pumbolus,  htivjutr  the  sun  in  the  fucus,  This  he  did.  in  1081,  by 
menn§  of  a  aireful  dt:*i'us.9iou  of  the  observationa  on  the  great  comet  Mhich 
appeared  in  the  preceiHiig  rear.  It  is  right,  however,  lu  state  th&l  he 
ai'dvcd  at  this  conclusion  merely  by  a  graphic  process,  and  that  he  maliM 
no  mention  of  any  fixed  law  regulating  the  motions  of  comets. 

Newton,  having  been  already  assm'ed  by  the  researches  of  astronth 
men  that  (xjmetA  traverse  the  regiona  of  the  planets,  waa  led,  by  his 
diieovery  of  the  priticiplo  of  giavitatiou.  to  sujipoae  that  they  move  in 
conic  sections  round  the  mm  in  the  focua,  He  was  of  opinion  that  th« 
orbits  aro  really  elliptic,  like  those  of  the  plaiieta ;  but  he  remarked  that 
on  account  of  their  gretit  eccentricity  they  might  be  assumed,  without  Any 
appreciable  eiTor,  to  be  pnrabohis  uear  the  perihtjha.  He  demonstrated, 
by  ii  coniparison  of  his  theory  with  the  observationa  of  astronomers,  that 
the  comet  of  1060,  and  several  other  bodies  of  the  same  class,  revohed  in 
orbits  which  were  sensibly  parabolid,  and  tliat  the  radii  vectores  draim  to 
them  from  the  sun,  supposed  iti  the  focus,  described  iu  each  case  equal 
arena  in  equal  times.  lie  also  invented  a  method  for  determining  tht 
elements  of  a  comet  s  orbit  by  nioims  of  three  distinct  observationa.  This 
method,  being  founded  on  the  supposition  of  the  body  moving  in  ii  imrsholBf 
did  not  extend  to  the  deferinhiaLjiMi  of  the  miijor  axis  when  the  comet  re- 
volved in  an  elliptic  orbit.  New  ton,  however,  remuvked  that  this  element 
and  the  time  of  revobiiion  might  be  derived  fi-om  a  comparison  of  iJuae 
comets  which  returned  iti  the  same  orbits  after  very  long  periods  1. 

The  researclies  of  Newton  were  soon  enriched  by  a  brilliant  corollary* 
llalley,  having  collccttrd  all  tho  recorded  ohsen*ations  ou  comets  ^hicb 
cnuld  be  entitled  to  any  credit  for  accuracy,  proceeded  to  calculate  the 
elements  of  their  orbits,  in  hopes  of  thereby  delecting  the  reappearance  of 
ftome  of  tho  bodies.  This  iJlustrioiLs  iistronomor,  having  devised  an  oiiih- 
metical  calculus  for  Newtou'a  method  of  investigation,  succeeded,  after  in- 
erodible  labour,  in  computing  the  oiemeuts  of  twenty-four  comets.  Among 
the^c  there  were  throe  whieh,  on  ttcconnt  of  the  close  resembkncfi  of  their 
orbits  and  the  uniformity  of  their  appcurancess,  ntVorded  strong  grounds  for 
suspicion  ihat  they  were  the  sumo  comet.  The  iir.^t  was  observed  by  Ap- 
pian  in  1531 1  the  second  by  Kepter  in  1607  ;  and  the  third  by  Hdlej 
himself  in  1082.  His  suspicion  of  their  identity  was  further  confinned 
by  historical  records  of  the  appearance  of  a  comot  iu  IHOu,  of  another  in 
l:]Sn,  and  of  a  third  in  1-150.  In  all  these  cases  the  periods  Heetned  to 
vary  altenmtely  from  IU  to  75  years,  every  two  successive  revolutions  oc- 

*  CuttieluKraplua,  ful.  GccJaua.  1668. 

1*  Prircipin,  lib.  iii,  fttop.  i. 
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tamtB'g  attout  19 1  years.  The  only  objecdoti  wtiicb  offered  itiielf  Id  th« 
•lOBkui  of  their  being  the  mme  comet  arose  jfrom  tbe  irreguLinUea  of  tbo 
ptruxfe.  taul  the  diB'ereuce  iu  the  iDclinutious  of  the  orbit*.  Tht  interval 
iMBsnsed  between  the  rametn  of  lb>il  and  1607  amounted  to  76  yean, 
Qi  Itj's ;  ihftt  coinpHaed  between  tbe  comets  of  1607  ond  lfi8'-i  wiuj 
«|pal  only  to  75  ^enr»,  less  4.!  days.  Tbe  dtlterenee  betwptrn  the  two  in- 
ttrab  fiis  tlierofi>re  mare  tlian  lldLeeu  mouths.  The  iDcliiiatioi)  of  tbn 
dlil  wm  also  found  to  Tury  nearly  to  the  extent  of  a  degree  on  the  oecA- 
aoo  of  Mch  snocessive  nppeanmce  of  the  comet.  These  disoordanfoi 
vwM  Imiv«  offered  an  insuperable  difficulty  to  many  inquLren)  in  attempt- 
■IgiB  tslAbtish  the  identity  o^ tbe  comets;  but  Hall ey  vras  too  well  ac- 
qiM0tfd  wiili  tlie  principles  of  the  NewtoniEui  theory  not  to  perceivu  tliat 
Hbtj  laiglit  be  occutiiimed  by  tbe  disturbing  action  uf  tlie  plauc^t^.  Ho 
naarked  tlrnt  the  |>eriud  of  the  planet  Sftium  suijietime^  varied  to  tlia 
fttnl&r  liJ  dajH  from  the  atjtiou  of  Jupiter,  and  that,  undtr  ct-iiain  eir- 
annitaDeea,  the  alteratiou  of  tlie  time  of  revolution  might  even  amount  to 
iiDoatb.  **  How  much  mora  liable  to  derangement  tbcu/'  buv^  be,  '*  h  m 
rsmrtwhoM  excursion  into  ai^ace  is  four  timea  greater  tluin  tliat  of  Saturn, 
ffid  whose  orbit  is  so  eccentric,  that,  if  tbe  velocity  were  increased  by-,.|jjth 
|*n  of  Jt3  value,  tbe  ellipse  described  by  the  comet  would  (to  cbanged  into 
■  [mmbola." 

H*  nmulLed,  that  in  tbe  summer  of  IQSl.wbeo,  the  eomet  was  ap 
■  '  •  its  i>erihehon,  it  pnssed  so  close  to  Jupiter  that  tbe  force  exerted 
met  on  it  amounted  to  ^'„tb  of  the  sun's  force  \  and,  as  it  con- 
.  .  :  r  several  months  exposed  iu  this  manner  to  the  powerful  in- 
:  i  I .  i  the  planet,  he  inferred  tliat  thfl  periodic  time  must  have  been  in 
cvusf^ufDce  afleoted  to  a  ver)'  considerable  extent.  Tiie  question  tbereforo 
which  now  sugge3ted  itself  to  bim  was  to  ascertain  the  precise  time  when 
die  oomet  ebotiid  a^aiii  return.  Tbe  period  of  revohuion,  ns  determined 
by  the  appearantres  vi  1 5J^1  and  lf»07,  would  assign  tbe  month  of  November, 
175%  for  its  Tiext  return ;  on  the  ntber  hand,  if  tbe  period  derived  from 
tUe  appeaiuncea  of  1007  and  108il  were  adupled,  tlie  comet  ought  to  re- 
torn  iu  the  month  of  August,  1767.  No  racmiH  existed  in  Halley's  time 
of  eoaputing  the  derangement  of  the  t^omel*:*  motion  caused  by  the  pla- 
cets; but  be  very  sagaciously  concluded  that  the  action  of  Jupiter  would 
kt«  the  effect  of  retarding  its  arrival,  and  that  in  consequence  it  would 
Ht  b*  Tisihle  before  the  end  of  175^*,  or  the  beginning  of  175tt.  •'  Where- 
brtt^mj^  this  illustrious  astronomer.  "  if  it  should  retnnk  according  to  our 
wtdii  liiin  about  the  year  llbti,  impartial  posterity  will  not  refuse  to  ac 
nwltdgo  that  tlit.'t  was  first  discovered  by  on  Knglisbmiin."^ 

At  tlw  time  fixed  by  Halley  for  the  retuni  of  tbe  comet  drew  nigh,  an 
iMiBse  interest  was  awakened  in  tbe  minds  of  astronoraei-s  by  the  expected 
tmi,  but  no  one  bad  the  courage  to  calculat«  the  jurecis-ie  timL*  when  the 
MMt  abonbl  bt^  visible  by  taking  into  account  the  perturbing  action  of  tlie 
(dUMrts.  At  leugtli,  in  1767.  Claintut,  who  had  alrejidy  di!;ti!)gni>ilied  bim- 
lelf  bf  lu8  researches  in  physical  astronomy,  undertook  tbe  e.xiinvinntiun  of 
question.     By  applying  his  solution  of  the  problem  of  three 

fj  •ecundum  predicln  ndsira  redwrit  iteniin  circa  annum  17SS,  hoc  primum 

Aoglo  inventuoi  (nine  non  iiiticiaiiLtiir  iDqua  posteritflA."    Synopsis  Attronomts 

K,     liiii  tmportam  Ihllc  trcatiK-  kels  Gn.1  [)ublislii»l  in  tlie  volume  of  the  Philo- 

_  Tnnsactiotia  for  (he  vcar  I7t),^.     I*  wiw  aftemarils  i-oiisideraljly  enlarged  by  die 

,  but  it  vat  not  Miblisli«d  in  Ibit  furm  until  1749,  nben  it  apftcared  along  nitb  hh 

o(  tbe  plmtctst     fhu  wortU  alor(^  died  are  nut  cuntuiiiL*d  in  the  csirLlcr  edition. 
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ladies,  he  comj^uted  the  derangemente  causerl  by  tlie  planets  Jupiter  and 
Saturn  tli  rough  out  tbree  sucjccasive  rpvolutioiin.  In  the  immense  calcula- 
tions to  whicli  these  re'^earchea  gave  vise,  he  received  efficient  aid  from 
Lalaode,  who  Mas  then  jufit  entering  i»[>on  his  long  csweer.  He  finally  ar- 
rived lit  tlie  conclusion  tliat  the  cornet  woidd  be  retarded  100  days  by  tins 
action  of  Stituni,  «nd  61 8  days  by  the  actiun  of  Jupiter.  Hence  the  whole 
period  of  revolution  would  extend  to  7t)  yeare,  911  days,  and  as  the  comet 
hud  pivised  its  perihelion  on  the  14th  of  September,  U»8'2,  it  ought  to  return 
to  it  agiiiu  on  tbe  13th  of  April,  1759.  Clairaut  announced  the  result  of 
hiu  labours  to  the  Academy  of  Sciences  on  the  llth  of  November.  1758. 
He  Look  the  prec^iutiou,  however,  of  staring  that  the  omission  of  many 
small  quantities,  which  wns  rendered  necessary  by  the  method  of  approii- 
mation  he  employed,  might  cause  the  flctunl  time  of  the  comets  arrival  in 
perihelion  to  differ  as  nnich  as  a  montl!  from  the  computed  time.  He  also 
added  "t.luit  a  body  which  passes  into  regiona  so  re  motet  Jtnd  vrhich  is 
hidden  froni  our  view  during  such  long  periods,  might  be  exposed  to  tlie 
influences  of  forces  totally  unknown,  such  as  the  action  of  other  comets,  or 
9vmt  of  $ome  planet  loo  Jar  reawi'ed  from  the  shh  to  Im  a'er  pcrccivetl." 

AH  the  astrouonicra  of  Europe  were  now  looking  forward  with  ntuuoua 
espoctalion  to  an  event  which  was  destined  to  exercise  go  important  im 
inltuenee  on  the  fate  of  the  Newtonian  theoiy.  At  length  the  comet  wbs 
seen  for  the  iirst  time  on  the  35tli  of  Decemher,  1758,  by  George  Falilsch. 
a  native  of  Saxony,  and  an  amateui*  astronomer.  It  reached  its  perihelion 
on  the  13th  of  Miirch,  just  one  mouth  earher  than  the  time  tixed  by  Clair- 
aut,  hut  still  within  tbe  limit  assigned  hy  that  illustrious  geometer. 

Having  revised  his  lahoui-s,  Clairaut  reduced  the  error  in  the  computed 
time  of  tlie  comet  to  H'i  days,  and  at  a  subsequent  period  ho  reduced  it  to 
19  days.    He  would  have  approached  still  nearer  the  truth  if  he  had  been 
in  possession  of  more  accurate  values  of  tlie  masses  of  Jupiter  and  Saturn. 
The  rotuni  of  this  comet  so  near  the  predicted  time  Vfas  one  of  the 
wXaost  brilliant  triumphs  wlncb  the  Newionian  theory  had  yet  achieved.    It 
leatahlisbed  beyond  all  doubt  tliat  comets,  while  mainly  controlled  hy  the 
t|)reponderHtitig  intluencc  uf  the  sun,  \yere  also  liable  to  he  deranged  in 
their  motions  by  the  other  bodies  of  the  system,  and  the  theoi^  of  their  per- 
turbations henceforth  fonned  a  subject  of  deep  imt>ortance  to  geometers. 
^Clairaut  employed  in  his  reseaiH^hes  the  method  of  approximation  he  hi 

riously  devised  for  the  lunar  theory,  but  he  introduced  into  it  sevi 
fogenious  mollifications,  in  order  to  ndapt  it  to  tho  peculiar  difficultie*' 
come tai'y  perturbation.  It  will  readily  be  perceived  that  the  same  facilitiw 
do  not  exist  in  this  case  for  calculating  the  influence  of  a  disturbing  body 
as  when  the  question  relates  to  a  planet.  In  the  latter  case  the  eccen- 
tiicity  and  iuKlination  of  the  disturbed  body  being  smtdl  fractions,  it  b  iJ- 
iftays  possible  to  expand  the  perturbing  function  into  a  rapidly  converging 
eeries,  arranged  according  to  ascending  powers  of  the  so  quantities;  but,  bb 
the  orbits  of  cornels  are  very  eccentric,  and  inclined  at  all  angles  to  the 
elliptic,  the  series  into  which  the  perturbing  function  is  developed  con- 
verges with  such  slowness  as  to  render  the  usual  method  of  integration  quite 
impracticalile.  Little  progress  was  made  in  these  reseflx*chea  until  the  year 
1780,  when,  the  Academy  of  Sciences  of  Paris  having  proposed  to  geometers 
the  theory  of  cometary  perturbation,  Lagrange  composed  an  admirable 
Bieraoir  on  the  subject,  which  obtained  for  him  the  prize  of  the  Academy. 
The  method  which  that  illustriona  geometer  invented  for  the  purpose  of 
obviating  the  peculiar  difficulties  of  the  prohlcm  is  at  once  Ingemous  a&il 


BISTORT  OP  FKtSlCAL  A&TBOKOMY. 

eSeetive,  snd  has  formed  the  Imsis  of  all  snlisequent  researches  rel&tive  to 
iht  saxae  ahject.  It  i&  founded  on  tJje  theory  of  the  Tariatton  of 
utitni^  constants  :  hat  in  inti^gratitig  the  differt^ntml  expressions  of  tho 
eoaielV  elements  the  usual' mode  of  procedure  is  not  adhercnl  to.  In 
dttlUQftr  and  planetRij  theories  the  integrations  aj'e  so  effected,  that  they 
onajoot  to  formiils  hr  means  of  which  the  place  of  the  disturbed  body  may 
btmfilj  calculated  for  any  asslgnahle  instant  v^hether  post  or  future.  A 
nmikr  omirse  not  t»eiug  practicnhle  in  the  theory  of  comets,  on  account  of 
th<  peeoliarities  to  w-hieh  we  have  alretidy  refVrred»  Lagrange  proposed 
Id  ntetitate  instead  of  it  -n-hat  has  heen  termed  the  method  of  quadratures. 
Tim  Gonaistfl  in  dinding  the  orbit  of  the  comet  into  a  number  of  diiitinct 
ma, and  then  summijig  up  the  etTeci  of  perturbation  for  each  arc.  By  thiij 
fnotss  B.  fresh  set  of  elements  is  obtalDed  at  the  end  of  each  summation, 
tnd  these  form  the  basis  of  computation  for  the  following  arc.  The  appli- 
aiioa  of  this  process  to  the  whole  of  the  orbit  would  demand  an  enormous 
UDoantof  calculation,  but  Lagrange  shewed  that  such  a  course  was  not  uc- 
cesis«TT,  When  the  comet  ia  near  the  perihelion,  the  method  of  quadratures 
is  hdispensable  ;  hut,  when  it  is  traversing  the  superior  part  of  its  orbit, 
the  ordiuary  method  of  integration  may  be  practised  on  account  of  the  great 
disiauee  ctf  the  ciomet  compfu'ed  with  the  distance  of  the  disturbing  body. 

la  1770  a  comet  appeared,  the  circiimstanoes  connected  with  which  led  to 
Teiy  interesting  results,  Tbe  obsenatiotw  on  it  seetned  inexplicable  by 
loy  jarabolic  orbit  that  could  be  devised,  until  Lexell  finally  shewed  ihet 
thiy  might  be  all  reconciled  with  the  supposition  of  the  comet  revolving 
ia  in  elltpde  in  a  period  of  nearly  six  years.  The  opinion  of  Lex  ell  was 
Mt^rmed  in  the  most  satisfactory  manner  by  rSurcherdt,  who  for  this  pur- 
poM  ufidertook  a  careful  discussion  of  all  ihe  observation§.  Strange  to 
«f,  the  comet  never  afterwards  appeared,  notwithstanding  the  shortness  of 
i»  period.  In  order  to  at?count  for  this  fuct»  Lexell  remarked  that  it  had 
teen  always  inTisible  until  the  year  1770,  hut  that  in  1767  it  passed  so 
VtK  Jnpiter  that  it  was  thrown  by  the  powerful  disturbauce  of  that  planet 
ittto  ft  iirw  orbit  and  thereby  rendered  rifible :  and  that  in  177&  it  a-^nin 
Mied  aonear  the  planet  as  to  be  thi'own  into  another  orbit  and  rendei'ed 
tmitSUe,  Laplace  u4idertook  an  analytical  investigation  of  this  interesting 
fUttkm,  and  he  found  that  the  di:iturbing  action  of  Jupiter  would  ho 
ap$b1e  of  producing  the  singular  effects  ascribed  to  it  by  Lexell  *.  No 
Mobt/iherefore,  can  ciist  on  the  cause  either  of  the  appearance  or  the 
nlMeqnent  disappearance  of  the  comet. 

As  thia  comet  approached  very  near  the  earth,  it  offered  &  favourable 
deople  fi^r  ascertaining  to  what  extent  eomets  in  general  affect  the  other 
bodies  oi  the  system.  The  rci^ult  of  its  action  on  the  earth  would  be  to 
diqum^h  the  fi^ree  of  that  body  towards  the  sun,  ttnd  thereby  to  lengthen 
llie  sidereal  year.  No  such  change  has  been  detected  by  astronomers, 
Kbenee  we  may  conclude  that  the  masses  of  comets  are  very  smalK 
laplace  found  that,  if  tbe  sidereal  year  had  increased  1*  since  the  year 
1*70.  the  mass  of  the  comet  would  not  have  exceeded  t^  j'^^^th  part  of  the 
earths  tatsa.  It  ie  evident,  however,  that  the  mass  ia  much  less  than 
(bis.  Dor,  although  the  comet  passed  through  the  system  of  Jupiter's  satel- 
lite»botJ[|  in  17fjl  and  in  1779,  it  did  not  prixiuce  the  slightest  perceptible 
derangetneDts  in  the  motions  of  any  of  those  bodieij. 

Laplace,  titer  having  investigated  with  the  most  brilliant  success  every 

subject  coniMeted  w!^  the  system  of  the  world,  finally  coDceived  the  deeign 
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of  umling  in  6iie  great  work  all  tlie  dlscoveriea  that  bad  l>e4Si 
Physiofll  Astronomy.  This  deaigu  appears  realibcsd  in  the 
CflMte,  ODO  of  the  most  stupeadoua  monuments  of  the  human  intellect 
whit^h  modern  civilizAtion  can  boast  of.  It  consists  of  five  quai'to  volumei^ 
whii'h  were  published  at  different  times  in  the  course  of  the  author's  life,  Th« 
iirst  and  secoud  volumes  app^^ared  in  ll\i9  ;  the  third  in  1803  ;  the  fimrtii< 
in  1805  ;  and  the  fifth  iu  ISSIj.  The  whole  work  is  divided  into  siicteeit 
books.  Ten  of  these  o<:cupy  the  firet  four  volumes ;  Ibe  reniainitig  six 
contained  in  ihe  liist  volutue  muy  be  considered  aa  supplemcntaij  to  th» 
others.  The  tirat  book  of  tldi  immortal  jirudnction  treats  of  the  lawa  uf 
equilibrium  iind  motion  ;  the  second,  of  the  law  of  tiniveraal  grftvitatiun  and 
of  tlie  centres  of  gmvity  of  bodies  ;  the  third,  of  tha  figures  of  the  celestial 
bodies  i  the  fourth,  of  the  oscillations  of  the  sea  and  the  atmosphere  ;  tha 
fifth,  of  tho  motions  of  the  celestial  bodies  about  tlieir  centres  of  gravilj; 
the  sixth,  of  the  theory  of  the  pkiiets  ;  tho  seventh,  of  the  lunar  theory  ;  th% 
eighth,  of  tho  theory  of  the  autellifes  of  Jupiter.  8aturu,  and  Umtma;  th« 
ninth,  of  tlie  theory  of  comets  ;  the  tenth,  of  the  theor}'  of  refi-oction  and 
other  points  relative  to  the  Bystem  of  the  ^vorld.  In  the  tirst  book  of  th« 
fifth  volume  or  the  eleventh  of  the  whole  work,  Laplofe  C(7usiderB  tht 
lJ|Ture  and  rotation  of  tho  earth,  Tho  twelfth  buok  treats  of  the  attraction 
and  repulsion  of  spheres  and  of  tlie  laws  of  the  equilibrium  and  motion  ot 
ebi^tic  Muidd  ;  the  thirteenth,  of  the  oscillations  of  the  tiuids  which  cover 
tho  surfaces  of  the  planets  ;  the  fourteenth,  of  the  motions  of  the  celestial. 
bodies  about  their  centres  of  gravity  ;  the  fifieetjtb,  of  the  motions  of 
planets  and  Qomeb* ;  theBittecnth,  of  the  motions  of  the  sat*;llite8.  B 
the  live  volumes  tibove  montioued,  Laplace  composed  at  difterent 
supple meut-3  to  several  of  the  hooka, 

The  physic^il  theory  of  the  planetary  system  is  exhibited  in  the  Me<:a 
Ciieato  in  a  state  of  almost  complete  developement.  No  material  pro 
has  in  conssequeoce  been  effected  in  this  branch  of  astronomy  eincd 
publififttioa  of  that  immortal  work,  Ouo  discovery  of  a  y^tj  romi 
character  has  indeed  becu  recently  added  to  the  long  list  of  triai 
which  aiiom  its  history ;  hut  during  the  present  ceutuiy  geometers  bavtt 
been  mainly  occupied  in  correcting  and  extending  previous  results,  in  im» 
pi^viug  the  methods!  of  investigation,  and  in  illus^imtiug  the  more  obdcuro 
pohits  of  the  theory. 

In  reviewing  the  progress  of  Physii^al  Astronomy  since  the  close  ol 
Newton's  career^  it  \^  imposisible  not  ti3  he  struck  with  the  truth  of  the  re- 
mark, that  great  occasions  always  call  fonh  from  tlie  bosom  of  societyi 
suitable  minds  to  cope  with  tine  emergencies  of  the  times,  and  to  triumph 
over  opposing  difticulties.  It  lias  been  said  that  Newton  appeared  oit 
the  theatre  of  the  world  when  the  materials  of  the  mugniliceut  at 
erected  by  him  had  been  ali'eudy  amassed  by  the  persevering  iudusi 
preceding  age^.  The  true  stiite  of  the  phiiietory  system  had  been  un^ 
folded  by  the  successive  labours  of  llipparehus,  Cupeniicns,  and  Kephsr; 
the  laws  of  motion  had  been  fully  established  by  (.lalilco,  and  his  suc- 
cessors Huygens,  Wall  is,  and  "Wren  ;  nay,  the  all- pervading  priiiejpl 
which  animates  and  controls  the  bodies  of  tho  uniTerse  had  been  diml/ 
surmised  by  moi^  than  one  philosopher.  There  was  t,til!,  however* 
wanting  some  master-spirit  to  detect  the  mutual  dependence  of  ilies9 
dij^oiutod  principles,  and  by  a  mighty  efibrt  uf  geueralizntion  to  reduce 
all  the  phenomena  of  the  heavens  under  one  dominant  lair  of  nature.  Th« 
prospect  of  achieving  this  grand  result  was  the  alluring  motive  by  which 
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iniiis  WM  invit'Sd  to  the  study  of  celestial  phjbir^t  in  the  sQveQt«eiiib  con- 

trnjitmi  CO  the  English  philosopher  was  assigned  the  itamortaJ  honour  of 

JM  iiiimliim      We  may  di.<^ern  a  »it»i]ar  adaptation  of  in  tell  actual  f>ower 

toClitttBg  exigencies  in  tlie  period  which  elapsed  between  the  publioaliau 

cf  Hm  Principia  and  th€  appearance  of  the  M6caniqitg  t'etatg.     Newton 

hid  faJ^j  mtahhthsd  the  priiicipkof  gravitatiou  bj  his  own  iitiriided  eflbria; 

lot  Iw  bequeathed  a  vast  heritage  of  profound  research  to  his  Kitcces&ors, 

Witb  a  aagacity  uneTampled  in  the  history  of  the  human  utind,  he  dptcetpd 

ibtlgtOQJ  of   tJiis  principle  lu  all  the  gniiiU  plienomeua  of  the  plnupljtry 

tjsteD,  and  by  the  aid  uf  a  liubltjue  geuinetry  t)f  his  own  tnventiou  ha 

I  m  reducing  tu  ciilciilatioii  a  nuiuber  uf  its  nmst  hidden  results, 

rmained,  however,  for  geometers  to  asccrtaiu  ilie  offL-utu  of  the  minute 

iou4  which  ensue  fmin  tlio  mutunl  uotiou  of  the  phuiotd,  to  invt^nt 

tal«  eualiliug  ihc  astronomer  to  detormiuo  tlieir  postiiuna  throughout 

■gea»  boLlt  ptibt and  future:  mid,  tiually,  to  solve  the  momeeitoc!^  quostiou 

vlnther  tile  plaiietsi  ate  gradually  being  absorbed  into  the  sun.  or  whether 

ihi  tFjrstetn  iv.  fio  constituted  that  they  vrill  revolve   in  penuancut  orbits 

iMitd  the  ceulral  body.     Such  were  the  magnificent  piohJems  v»hich  New- 

m'%  di«i;ajvcries  suggested  to  hia  successors.     We  have  seen  what  mighty 

cntq^M  were  awakened  by  these  probtema  luid  vdih  what  brilliant  success 

tbir  loiution  was  effected.     Perhaps  no  period  of  history  can  exhibit  an 

mjr  of  raaihematical  genius,  equal  to  that  which  adorned  the  eighteenth 

mtBf,      The  labours  of  L-'.uiur,  D'Alenibert,  Chiiraut,  LAgnmge,  and 

li|iBe  will  tilt  mauy  a  bright  page  in  the  animis  of  science,  and  their 

VMS  will  Ik?  fyr  ever  assouiateu  with  that  of  the  illustriouR  foundpir  of 

Tlljliii  111  A*tro?>otny,  whose  reputation  ihey  have  no  much  enhanced  by 

tb^  fubli me  disco vcricj. 

imotig  the  Torious  ctrcumstaucos  which  nro  caleuktod  to  excite  our 
ilniAlioD.  while  reviowin^  this  jiortion  of  the  liiatnry  of  Physical  Astro- 
May,  not  tJiQ  least  retrmrkable  are  the  resources  of  the  tmnaceudental 
OdHrsta ;  hy  means  of  which  the  geometer  hiis  been  enabled  to  urniavel  the 
OMt  complicated  rc'latiuiis  of  the  fe^'stem  of  the  world,  and  to  decipher  in 
Ike  aoomaXous  movements  of  the  celeatkl  bodies  the  couHtant  opamtion  of 
na  all-pervading  priucijdo.  In  vain  would  ihe  hmnan  mind  have  ever 
lUempied  to  penetrate  into  the  more  recondite  parts  of  the  theory  of 
gntiiAtion  without  the  aid  of  this  powerful  instnrment  of  research.  Ita 
Muduoua  cultivation  was,  therefore,  ossenlially  necosBary  for  the  dcvelopa* 
Mat  of  that  thcorj' ;  and,  on  this  account,  the  piu'c  analjata,  such  as 
LhIhuU  and  thf*  two  eldest  Benioullis,  dei*erve  to  bo  associated  with 
tlMt  wbo  have  mnro  direnly  contributed  to  tlie  progress  of  llie  science. 
"Thtf  diacoveiy  of  the  system  of  the  vvorld  by  Newton."  says  Delambre, 
'im  ft  Jbftttnate  event  for  geometers.  Never  could  the  transcendental 
OiifHa  find  a  worthier  or  a  tnore  sublitne  thetoe.  Whatever  progress 
ii  mftis  in  it,  the  origiunl  diHL'overei'  will  always  tnaintain  his  rank. 
l^ffmn^*  who  often  asserted  Newton  to  ho  the  greatest  genius  that 
nwr  ciis-lrd,  ustd  to  reiiiaik  hIso — '  and  tho  loost  fortntutte ;  wo  do 
tot  fiod  more  than  once  a  system  of  the  world  to  establisli.'  It  has 
twiiiped  a  hundred  years  of  labours  and  discoveries  to  construct  the 

IaMee  of  whkh  Newton  laid  the  foundation  ;  hut  all  is  ascribed  to  hitn, 
ind  hn  is  fsuppusod  to  have  pursued  ttic  viliole  extent  of  the  career  on 
•hieh   he  euberiNl   with  an   eclat  so  well  calculated   to   encourage   his 
•ttercssore."* 
*  M/baoist*  de  I'lnititut,  I812t  p.  xlvi  (Notiet  tur  (u  vie  tt  tes  ouvmg&s  dc  Lagrenge.') 
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An  ilUifitrious  livJTig  philosoplier  of  Fmnce*,  when  alluding  to  the 
discovery  of  universal  gravitation,  has  said,  that  no  Frenchman  caa  reflect 
without  an  aching  heart  on  the  small  participation  of  hts  own  couutrj  in 
that  memorable  achievement.  If  an  Englishman  could  be  suppo>sed  to  be 
equally  sensitive,  he  has  ample  reason  to  regret  the  inglorious  part  his 
country  played  during  the  long  period  which  marked  the  developement  of 
the  Newtonian  theory.  With  the  exception  of  Madaurin  and  Thomas 
Simpson  (the  former  of  whom  certainly  coiiLributed  towards  the  solution  of 
one  of  the  great  problems  of  the  system  of  tlie  world,  and  the  latter  at  least 
gave  ample  proofs  of  his  capacity  for  such  researches),  hardly  any  individual 
of  these  islands  deserves  even  lo  be  meutioued  in  connexiou  vtith  the 
history  of  physical  astronomy  during  that  period.  This  deplorable  fauet 
has  been  generally  attributed  to  the  ptTtiijacity  with  ivhich  the  English 
mathemalidana  adhered  to  the  eyntlietic  method  of  invc:3tigation,  ihe 
resources  of  which  had  been  already  completely  exhausted  Ity  Newton ; 
and  also  to  their  perseverance  in  employing  the  fluxional  calculus  of  that 
great  geometer;  which,  besides  being  less  commodious  in  point  of  nota- 
tion, did  not  at  any  lime  attain  the  high  state  of  perfection  which,  at  a 
comparatively  early  stage  of  Its  history,  distlngui&hed  the  rival  invention 
of  Leibnitz.  The  feeling  of  veneration  which  they  naturally  cherished 
towards  ihcir  illustrious  countryman  was  doubtless  tlie  main  rausa  of  tlieir 
injudicious  attuchmcut  tn  his  peculiar  methods  of  reseaixrh  ;  but  it  was  alao 
fostered  in  a  strong  degree  by  the  unhappy  quarrel  vihich  nroso  hetweeu 
them  and  the  con  linen  tai  mathematicians  relative  to  the  original  invention 
of  the  iulimtesimal  calculus.  Were  it  not  for  the  mutual  estrangement 
•which  then  ensued  between  both  parties,  it  would  have  been  an  easy  task 
to  transfer  the  improvements  of  the  ditTereutial  Calculus  lo  the  fluKioual 
calculus  of  Newtoji,  which,  in  pohit  of  fact,  was  identical  with  it;  and  by 
this  meatis  the  analysts  of  England  might  have  advanced  at  an  equal  pAOd 
with  those  on  the  continents  When  the  unpleasant  feeling,  just  referred 
to,  finally  died  away,  the  intellectual  energies  of  Englajid  were  already 
directed  towards  objects  diametrically  opposed  to  coutemplative  science; 
and  the  few  persona  who  still  cultivated  mHlhemalies,  perceiving  bow  far 
the  analysts  ou  the  contiuetit  had  advanced  beyond  them  in  tlie  improve- 
ments of  the  iufinitesimid  c^dcuhis,  appear  to  have  abandoned  in  deapuir  all 
intentions  of  original  research  iu  physical  iistronomy,  contenting  themselves 
merely  with  timid  disserlalions  on  the  Principia.  At  the  beginning  of 
the  present  century  there  was  harJly  an  individual  iu  this  country  who 

E assessed  an  intimate  acquaintance  witli  the  methods  of  investigation  which 
ad  conducted  the  foreign  mathematicians  to  so  many  sublime  results. 
It  is  gmtifytng  to  reflect  that  a  vigorous  attempt  has  been  made  since  that 
time  to  recover  for  England  her  due  position  in  tlje  phyaico-mathematical 
'"Vorld.     Notwithstanding  Hie  discidvantnges  under  which  they  laboured, 
the  geometers  of  this  country  have  already  given  ample  proof  that  it 

'not  from  any  natural  defect  of  intellectual  ability  that  their  fathers       

'compelled  so  long  to  remain  silent  spectators  of  ilie  triumphs  of  their 
'neighbours.  The  most  recondite  parla  of  analysis  are  now  studied  with 
ardour  and  success  by  a  nnmher  of  talented  persona;  and  England,  iu 
the  present  day.  am  boast  of  some  of  the  ^oost  distlnguii^hed  mathe> 
maticians  of  Europe,  The  Irtte  Professor  Woodhouse,  of  Cambridge, 
deserves  to  be  mentioned  as  the  person  who  laboured  most  zealou&ly  iu 
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onntrymei 

long  eborislied  against  the  analytical  methotla  that  were  in  utiiversa]  use 
m  ihm  coDtinent.  In  the  sequel  we  alnJl  haie  the  pleasure  of  noticing 
iWTMiwMiIlT  ©oDje  of  tJie  resdta  which  may  be  considered  aa  the  first  fruits 
rftlii»s«IfitaJ7  innovation. 


CHAPTER  X. 


VamtioB  of  the  Mean  Diitanc^  of  the  Plonets.— Rc*eirch^  of  Poiison.^The  Theory 

of  Plxnetiry  Perturbation  resumed  by  Lsigrauge  and  Laplace. Unirurcnlty  of  iJte  re, 

nib  *m*«d  *l  bj  these  Geoiottcfi, — The  General  Theory  of  (he  Variarioti  of  Arbi- 
liay  ComUad  estabtishcd  by  Lagrange. — Kusearches  of  Poisioti  on  thi*  subject, — 
Dttth  ot  LiAgrange>— Hesearchea  of  Modem  Gaomelen  on  the  Theory  of  P^rturlia- 

tii«..-^ Method  of  Hansen — DewTopcmt^nt  of  the  Perlurbing:  Funerion BurL-IuLrdl, 

BiorL — New  Methods  devised  for  obliiining  llie  coefTicienla  of  the  Perlurbing  Func- 

So*.  — Secolv  InequiJitips  of  the  Planets Re&caTcIics  of  Lc   Verricr.^ — Theory  of 

(be  Moon,— IiregulBfities  of  the  Epoch. -^Equation  of  Long  Period.  —  Rcscarchei  of 
DuBOtaetti,  PUqAi  aoil  Cariini, — Lunar  Tables  calculated  by  meang  of  fhe  "nteoiy  of 
GanWioo. — Eeicard»ef  of  Lubbuck  and  Pi itMon.^  Reduction  of  the  Greenwich  Ob- 
lnnnluiiH.^DlKarery  of  the  True-  Cause  of  the  IrreguUfitics  of  (he  i\foon*£  Epoch, 
Ij  HiBSfi. — Researcfaei  for  the  purposes  of  ttelcrmtning  the  VaLuc  of  tJie  Moon's  Mits. 


Tas  first  importimt  discovery  which  distiwguisbed  the  progress  of  pUj- 

lio!  ttstntnomj  in  the  nineteenth  century  related  to  the  variation  of  tho 

netn  distance's  of  tlie  planets  from  the  siui.     We  have  already  given  an 

KTOtint  of  the  researehea  of  Lagrange  on  this  point  of  the  plflnetary 

tbeoiy.  aiid  have  njentipued  the  remarkable  conclusion  at  which  he  arrived. 

ut  upeai^il  that  tlie  meati  distance  of  a  planet^  ^vhen  disturbed  in  it9 

[ilUptic  orbit  by  the  other  bodie^i  of  the  system,  was  not  subject  to  any 

ttnstlon^  which  iticneased  constautly  with  the  time,  but  was  merely  ftfTected 

»  series  of  periodic  inequalities  depending  on  the  relative  places  of  the 

|ilaiiet3  in  their  orbits,   Lagmnr,'e  shewed  that  this  theorem  was  true  for 

W  powers  of  the  eccentricities  and  indinations;  but  his  investigation  did 

tiot  feitetid  beyond  a  htist  approximation,  and,  therefore,  was   limited  to 

of  the  first  order  with  respect  lo  the  disturbing  forces'-,     Thu  inte- 

itijig  que^ition,  tlierefore,  still  remaitied  to  be  examined,  whether  a  repe- 

iliaa  of  the  approximation  would  introduce  into  the  expression  of  the 

neaa  ilistiuice  any  terma  increasing  with  the  tinie,  and  thereby  occasioning 

s  6ei:tilar  inequality  in  the  mean  motion.     This  problem  was  first  attacked 

hj  a  Tcung  geometer,  who  was  destined  to  pureue  a  brilliant  career  in  the 

iiaheniatical  sciences.     In  the?  year  1808,  Poisson,  who  was  then 

nty-tive  years  of  »ge,  communicated  a  memoir  to  the  Institute,  in 

he  iiiTcstigflted  the  variation  of  tho  mean  distance,  carrying  the 

limation  to  the  square  of  die  pcrtiu^bitig  forces.    By  means  of  a  most 

latwrate  analysis,  he  succeeded  in  shewing  that  the  repetition  of  the  ap 

rirotiniation  would  introduce  into  the  fonnubi  for  the  variation  of  fhat 

Rlement,  only  a  class  of  terms  depending  on  sines  and  cosiues  of  anglea, 

ereasing  proportionally  with  the  titne.     It  followed ,  then,  that  so  fai-  aa 

*  Mimoir*  tur  les  InegolUea  Secutuirex  dem  Mt>yin*  Mouvemena  dcs  PianiifJi,  Thu 
juaamr  ww  re^d  at  the  Institute,  in  June  1808f  mA  was  subiequeully  published  ill  the 
r«^gliUi  TotuBie  of  the  Juurmilde  fEcvk  Poli/tecftmqut. 
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diM  p#Mi  ititinwi  Wire  concerned,  the  raMJi  motioai  af  Um 
lpvai1iM«  hf  &9  MCODti  a.s  livell  as  by  the  first  BjummiiMiM 

The  titt/'rf*«iin(^  result  to  which  Pokaon  wax  eotMbetod  kyhm 
lutA  the  fefT44!t  fir  Mguin  inducing  Lagrange  u)d  Laplace  I0  iinei 
tnitioa  to  tht  tb^ry  of  plooetarj  pertarbauon.    Poifrnm.  wSlm 
crapl*  of  thew  geometers,  hsA.  aasumed,  as  the  faaak  of  his  ht' 
the  i^tlijrtic  rqufttiona  of  the  undisturbed  orbit,  and  obtsinBd  the 
of  the  thmtrjilM,  hy  fiuppoaitig  the  con.<stAnts  in  these  eqastioiis  to  be 
inatnit  cbonfling  their  vulues  by  inliiiitelj  small  qiiantities.     Lagi 
Ii0ii«v«r,  wjw  led,  by  reflecting  on  Poisson's  researches,  to  consider  the 
Jtet  nnder  a  more  f^eiieral  nipect.     He  assumed  sl^  the  basis  of  faia 
dipilion  the  three  ditTerontial  equations  of  the  planet';*  xootioti 
fton  tbe  tupponilion  that  it  vtjI'^  exposed  onlj  to  the  central  aetton 
ion,     Rarh  of  thc«e  eqnnliona  being  of  the  second  order,  it-s  com 
te^ml  if»>uM  rftntain  twu  .nrbitmrf  oonstaiiU,  and,  therefore,  the  thiW 
tJon»  whif'h  dftenninf!  tbe  place  of  the  planet  in  its  orbit  would  coni 
tAt  arbitmry  cornitatit'i-,    VVben  the  nction  of  tbe  planet^  is  taken  in 
rimnt,  anotbor  qUAutity  i«  introduced  into  tbe  differennal  eqimtions.  lei 
tbe  ncrtnrbing  funciion.     Conceiving,  llien,  this  fuucdan  to  arise 
(r<mtiTtiiiiu*i  vnrifilion  of  tbe  aix  constanls  iu  tbe  priiuitive  equations.  La- 
t{rfWffii  Hiir.ru-*  dcd  in  obtuiniiig  tbe  expressions  for  tlie  variation  of  each 
eoutitttitt,  vtiibrjtit  (tsitutiiitig  tbo  ellipticity  of  these  equations.     Tbe  miift- 
lionw,  whim  iuvi!Ntif«iUed  by  tliJH  unifonu  process,  exhibited  a  very  remark- 
rtblo  form,  \iv'if)\i  u]|  L-xprCrtHed  by  partial  ditfereutials  of  the  ])«rturbtng 
function,  lakou  wilh  respect  to   the  conatauts,  and  niuUipUed  into  qunn- 
tiliea,  which  woro  fwictioiw  only  of  the  couslanta.   This  form  presented  a 
crcat  fulvaritago  in  jirflcLit-e,  ioriks  it  waft  possible  to  eipand  tbe  perturbing 
fiiiictiou  into  B  series  of  i*iiie*  wnd  cosiues  of  angles,  increasing  prnpor- 
tioTuiUy  with  the  time,  the  seculiir  variations  of  the  elements  were  at  once 
obtflinud  by  raoansof  tho  tenii^  that  were  explicitly  independent  of  the 
tillu^  uliile  tho  remaining  terms  being  iote^nvt^d,  aud  theu  fiub^uiuled  Iq 
the  fiirmulo)  for  finding  tbe  place  of  a  planet  in  am  elliptic  orbit,  gave  tht 
longitude  and  lalitiido  of  tbe  planet  in  the  disturbed  orbit  correeponding; 
to  titiy  a.HNigiiable  time.     Lagrange  tiicn  applied  bi^  analysis  to  the  qmtt- 
tiim  fjf  tbe  inviirijibiliiy  of  tbe  mean  dintftuco,     Poisson  bad  not  considered 
tbe  L'tTc'ct  of  ihi)  variations  of  the  elements  uf  tbe  disturbing  plaiiets.  on 
ftfLVJimt  of  ibe  iimilytica]  difficulties  oJTcred  by  the  perturbing  function, 
wliioh  did  ut>t  preserve  tbe  liiuue  form  tbrougbout  tbe  investigation  wbeo 
that  »uppo!iiiion  was  introduced.     Lngraage  got  rid  of  ibis  inconvenience 
by  trall^l"ol'ring  the  origin  of  co-ordinates  from  tho  ceulre  of  the  sun  to 
the  centre  of  gravity  of  the  sun  nnd  planets.     The  perturbing  function  ' 
hoiug  then  sytunietncul  wiUi  respet;!  to  all  tbe  pluuets.  the  eame  onalyids  ' 
vm  oppliciible*  wbattMer  might  he  tbe  planet  ^bose  elements  were  soj*-  , 
po»cd  to  vary.     Lngrange  by  this  nicang  succeeded  in  shewing  tliut  the  < 
second   approvimaiiou  would  nut  introduce  into  the  expression  for  the  I 
mean  distance  any  term  wlitcli  increased  constantly  with  the  tiuje,  eieu  1 
when  the  variations  of  the  cleiiHinls  of  the  dislurbiiig  pUuiets  were  in- 
cluded in  tbe  juvcstigation.  I 

It  is  riglit  to  mtuition  tlmt  the  variations  of  most  of  the  elements  < 
had  already  iippeared  in  tbe  form  under  wliicb  Ijigrange  ju«t  prcsentdd 
tbeni.    That  great  geometer  had  so  expressed  tbe  variation  of  th<  aafem. 


Mu'inoirea  de  t'lnstltut,  1808. 
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cts  17tM,  itnd  Laplace  subsequently  obtained  sirailfl]^©!- 
to  lUe  eccentricity,  the  inclinntioii,  and  the  longitude 

tf  12m  node*.  The  icnpOrtaDce  of  I.jigrange'8  resenivheg  on  the  prt-seiit 
wmdon  ivaa,  however,  of  a  twofold  clisroeter,  for,  besides  exhibiting  the 
mjUjoBi  ol  tXi  the  elements  under  the  sams  form,  the  direct  aimlyi^ts 
hj  miad&  he  obtained  his  results,  and  the  general  (ispect  under  which  he 
iMVedl  the  elements  (considering  them  merely  oa  the  six  nrhitrary  con- 
ttBttf  invulTed  ill  the  complete  integrals  of  the  differentml  equations, 
vitlwat  roference  to  their  hidividual  funcliona  m  txn  elliptic  orbit),  Reeineil 
la  iadicat«  a  general  theory,  of  ^vhich  the  varinlions  of  the  elements  of  the 
|lu8tKrjr  orbits  Hened  only  as  a,  particular  illustration. 

On  Ui#  rerj  day  that  Ijngitmge  communicated  to  Laplace  ilie  intereftt 
infl  malit  of  his  researches  on  the  variationa  of  the  elements,  the  ktler 
tiulrited  U>  him  analogous  exiiressious,  to  which  he  luiJ  just  been  eon* 
iatlod  by  no  investigaiiou  of  the  same  subject.  Huch  was  the  remark- 
iUm  parity  of  irLventive  power  whirh  distiugiiished  the  riiTnl  eflTorlg  of 
ikmn  dJustrious  geometers,  and  which  so  long  held  the  judgment  of  Eu- 
T'V-  m  suspense  upon  the  question  of  their  relative  inerita! 

Noiwithstanding  the  identity  of  the  results  ohtnined  by  Lagrange  and 
U]daMon  the  preHent  occa'?ioii,  it  wns  not  dinicnlt  to  discern  in  the  i-e- 
■mbotof  each  geometer  tlte  peculiar  bent  pf  big  geniua.  Lagrange, 
litt  fiielded  the  powers  of  Uie  Iran  seen  dental  analysis  with  unrivalled 
«flict»  eonsidered  the  subject  iti  its  most  abstract  form,  and  by  thisi  meani 
iopirtsi  A  generality  to  hi'«  re^oarches,  which  could  not  ftiil  to  lead  to 
DDpertailt  results.  Liiplace^  always  less  enamoured  with  the  beauty  of 
nUwniatical  speculation  than  ho  was  anxious  to  unfold  the  system  of  tlie 
TOrid.  ct/Mtented  himself  with  reducing  the  expressiona  for  the  varimions 
of  the  efKK-h  and  perihelion  to  the  same  form  ^nth  those  relating  to  the 
«h«r  eletaenLs,  not  considering  them  in  connexion  with  any  general  prin* 
Oplf,  but  simply  deriving  them  from  established  formula?,  in  eiTecting 
tios  object,  he  wes  considerably  aidnd  by  a  relation  between  Uie  two  ele- 
wwts  which  Poisson  had  recently  discovered.  These  reMilta  appeared  in 
impplement  to  the  tliird  volume  of  the  Meaudqne  Crlciftej.  Laplace  ex- 
MUtihi  n  benutifiil  illu.«itr£Hion  of  their  practical  utility,  by  employing  them 
1  in  the  iiiTestigatiou  of  the  lunar  inequnliliea  occasiouert  by  the  spheroidal 
fgart  of  the  earth.  Tlie  expressions  whiuh  he  obtained  by  this  process 
M  (he  in&(|nalilLes  both  in  longitude  and  latitude  coineided  exactly,  in 
«ll  retpccls.  with  those  he  had  ulready  arrived  at  by  the  usual  method  of 
ifiprcnimnttco.  It  is  exceedingly  interesting  to  triice  the  final  tigreetnent 
(i  tvn  nietiiods  differing  so  essentially  in  their  original  coni-eptioii. 

Soon  after  Lagrange  and  Laplace  arrived  at  the  above-mentioned  results, 
tlie  furraer  of  Uicso  geometers  communicated  a  memoir  to  the  Institute,  in 
ihich  he  exhibited  the  application  of  the  theorj'  of  the  variation  oi'  arbl- 
twy  constants  to  all  questions  of  mechanical  science  J.  Assuming  fl3 
the  basis  of  hi*  researches  the  three  dilftreiitial  equations  of  the  second 
'  f'l.  r  I'j  whicii  he  had  already  sliewn,  in  the  Mlcamim  Anfi^tique,  that 
u.-'  tijnUoii  of  G\t'ry  Kystem  of  bodies  might  be  reduced,  he  supposed  th© 
•a  jirlntniry  constants  of  the  complete  intcgrnls  to  vaiy  from  the  elfect  of 
a  -Fuall  djsturhing  force  and  lo  be  represented  in  the  ililfercntial  etiuations 

■  M^,  C0.,  IIt.  ii.  chap.  Titi. 

t  Ltpfarrfirat  annbtinced  ihem  nt  iJie  Billing  of  the  Bureau  A-*  /.ongilufki,  17lt)  of 

I  M^iQwrca  dc  Vlnstitut,  P.  2.^7,  ct  ecq. 
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by  a  small  quntidty  termed  the  perturbing  fanution.  He  tlien  demon- 
Btrated,  by  a  process  eimilar  to  tbat  which  he  employed  in  the  less  g^iM-. 
ral  cofie  of  a  planet  revoking  round  the  sun,  that  ihe  expression  for  tha 
inatantaneoua  variation  of  each  conataiit  contained  only  terms  tnvolnng 
partial  differentials  of  tho  peiturbiiig  function  relative  to  the  coaststtto^ 
each  diiT'erential  being  multiplied  by  a  function  only  of  tho  constaota. 

In  this  memoir  Lagrange  remarked  that  the  same  principles  m 
applicable  to  the  determination  of  the  motions  of  the  planets  arotmd. 
their  centres  of  gravity,  taking  into  account  the  action  of  the  disturbing 
planets  upon  the  efiuatorial  matter  of  the  disturbed  planet.  Haviiur 
exhibited  a  statement  of  the  geueml  coudiiiona  of  the  piublera  and  poiolM 
out  its  connexion  wiUi  the  theory  of  the  variation  of  elements,  be  OdH' 
eluded  by  annuuucing  his  intention  of  making  it  the  subject  of  a  future 
memoir.  At  no  subsequeivt  peiiad  of  his  life  did  he  cony  into  effect  this 
reaolution;  hut,  indeed,  Poisson  a  few  months  afterwards  rendered  such  ft 
step  uniiecessar}",  by  commuuicating  to  the  Institute  an  excellent  memoir 
ou  the  subject.  Euler  first  gave  the  diflTerential  equations  relative  to  lite 
motion  of  A  body  about  its  centre  of  gravity  when  it  has  received  an  initial 
impulse  atid  is  not  afterwards  exposed  to  the  action  of  any  forces.  These 
equations  being  three  in  number,  and  of  the  sccoiut  order,  their  compleU! 
integnJa  will  ct>nlatn  six  arbitrary  consUuits.  Their  integration  woidd 
therefore  lead  to  the  equations  of  a  phmeta  niolioti  about  its  centre  rf 
gravity  if  it  were  not  continually  disturbed  by  the  action  of  the  sua  Had 
the  other  planeti^  of  the  system.  By  considering  the  latter,  however.  ■■ 
so  many  perturbing  bodies  which  tend  to  produce  a  continual  change  In 
the  elements  of  rotation ,  the  variations  of  these  elemenla  may  be  investi- 
gated by  a  process  similar  to  that  employed  in  determining  the  vari&tioM 
of  tlie  elements  of  the  orbit.  The  formulse  for  thes^e  variaiions  bein^  thdtl' 
integrated  and  substituted  in  tho  primitive  equations  depending  solely  on 
the  initial  impulse  will  conduct  to  three  complete  equation^,  by  meam  of 
which  the  jiOiiiLions  of  the  planets  axis  and  the  velocity  of  rotation  cor- 
responding to  any  assignable  time  may  be  readily  ascertained.  By  i 
judicious  Belectiou  of  con^itantfj,  Poissun  obtained  fommlfie  for  the  variatioiis 
of  the  dementis  of  ivjiation  exactly  analogous  to  those  which  Logrango  and 
Lapbice  had  already  arrived  at  relative  to  the  orbit  of  the  plaueL  Thu 
remarkable  result  constituted  the  crowning  triumph  of  the  theory  of  the 
variation  of  elements,  for  by  means  of  it  the  two  great  problems  of  the 
syBleni  of  the  woild,  although  differing  essentially  in  conception,  were  most 
nnexpectedly  exhibited  in  a,  relation  of  close  affinity,  and  the  geometer 
was  thua  enabled  to  coniemplaio  all  ihe  effects  of  planetary  perturbatioii 
tlirough  tlio  medium  of  the  &ume  nnalyi^i^*, 

*  Mifmairt  tier  la  KarinH^n  den  nmtfantrt  arhitraiffK  ifant  te*  queitHtnt  ric  JUtkammm. 
JturmU  d»  tSeek  Putiffrrfiniijut,  liime  viii.  p.  '^ifi,  et  w<\,  In  this  meiDtttf  POHaoa  htm 
vmigales  (be  expre«iuigs  k>T  \ht  vuriAtitftm  of  (lie  arbitrary  eomltnU  in  th*  g«IM 
prubkMn  r>f  Mei'hftniir^  by  a  more  direct  analviir  ttian  ihat  vhicFi  La^ngc  bad  eaujlojvd. 
Hi  bit  uriffitTfel  demnnBtnliaii  of  tho  tittan  ttmh*.  h  h  ri^ht.  howetert  to  tlate  tnat  dM 
laat^mpntiotwd  gvometer  vma  conducted  about  the  nune  time  lu  a  dmtUr  inipnifVmRt  ef] 
bit  own  method,  (M^tnoifn  dc  J'liutitut,  1800,  p.  M$,  et  kcj).  A  coin[)l«t«  mxowa.  of 
tlie  tHpary  of  ihv  vpriatlon  of  arbiirnr^v  e(in*lAnu  by  mvaiit  vt  r*^iisff,nw  analjoi  «ill  im 
fguitd  in  PonltixtuFDniV  Tttfurit  Anahftiqur  i!u  Sgit^m*  du  Mtmdr,  tome  i.  bu  IL 
rbap.  iJi.  ixe  aUa  on  IhU  nuhjei-t  \\m  uixvnttiv^\i\y  chapter  of  Mr.  D«  Blofgia'i 
Trfatiif  (nt  the  Difftnittifff  and  Jntriftat  i'akviuM,  (library  of  Ut^ftil  KawMedtolu 
Thit  cbnjittr  t'^mlaini  «  C4inei»e,  biit  (iiij^ulart)-  abtv  i>ipaaitioii  nf  llw  moat  eoi|ipnilMa3l<l 
lheoTi4'(  of  iTH?cbiinic<al  K-ienpi?.  The  n.Milf  r  h  conducted  hy  mctni  of  them  lo  tW  fvnr 
Ihrctbold  uf  tbc  gn-at  pTt>bIei]i.^  of  die  lyitcm  of  the  itorld. 
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Hm  oomplete  est&bliBhmenl  of  tlii^  sulilime  theon^  was  tlie  last  great 
ttM  «#  Lagmtige's  genius.  We  have  already  remorkod  tliat  Kuler's 
WWlfcllCiO  contain  the  earli*?Ht  traces  of  the  use  of  the  Tariation  of 
llwmti  in  computing  Uie  i>crturliatJoiiB  of  the  planctAir  unotions,  Al- 
tkot^h  thmt  geometer,  however,  has  the  undoubted  merit  of  iirst  emploving 
diu  ferdJa  lacthod  of  inresligation,  the  magniScent  expariston  T^hidi  it 
iniMqnetitlj  received,  and  to  ^bich  it  ones  all  itii  practical  value,  is  wholly 
dii  io  tlie  illustrioas  matheraaUcian  above  meutiotied  *..  lu  Phjsical 
iiMnaomy,  H  is  indeed  veiy  naturallr  suggested  hj  obsenatioD  ;  for  the 
dtmrata  of  the  plaxtetarj  orbits  hnd  been  already  found  bj  astronomers 
to  U  in  a  state  of  slow  rariatiou,  (Uthoiigb  their  ellipUc  fonus  did  not 

rar  to  be  undergoing  any  change.  It  is  in  questions  of  this  kind,  where 
perttirbiiig  forces  are  small  compared  with  the  priucip»l  forces  ^hich 
afluie  the  sjatem.  that  the  variation  of  elements  can  be  moat  ad  van - 
tyomly  employed.  Lagrange  resolved  to  embody  his  final  researches  on 
linisahjcot  in  s  neiw  edition  of  the  Mccanique  Atiali/tique;  and  with  this 
d»w  he  undertook  a  complete  revisal  of  that  immortnl  work;  but  the 
£ttigoe  he  incurred  in  cousequenee  brought  on  a  fever  whidi  carried  him 
tf  before  the  termination  of  his  labours,  on  the  10th  April,  1813. 

Ij^nnge  deserves  to  be  ranked  among  the  greatest;  mathematical 
§mme%  of  ancient  or  modem  times.  In  thia  respect  he  is  worthy  of  a 
pito*  iiilh  Archimedes  or  Newton,  nlUiough  he  was  far  from  possessing  the 
ttgftaif  in  physic^al  enquiries  which  disUnguished  these  illustrious  sages. 
Ffom  the  very  outset  of  his  career  he  assumed  a  commanding  position 
UBong  the  umthematLcians  of  the  age^  and  during  the  course  of  nearly  half 
tonlonr  previous  to  bis  death,  he  continued  to  divide  witb  Laplace  the 
homage  due  to  pre-emineuce  in  tbe  empiro  of  the  exact  sciences.  His 
grett  rival  Burvived  him  fourteen  years,  during  which  he  reigned  aloiie 
■  the  prince  of  mathematictaus  and  theoretical  astronomers. 

In  reoeot  times  the  general  tlieory  of  planetary  perturbation  has  deriyed 
-■■-''  improvement  from  the  profound  researches  of  Poisaon,  Plana.  Iroty, 
k,  and  other  geometers.  The  most  remarkable  innovation  is  due, 
i.twever,  to  M,  Hansen.  Tliat  distinguished  geometer  conceives  the 
dlipiic  elements  of  the  planet  to  be  invariable,  imd  as^iumes  the  time  aloue 
to  be  subject  to  perturbation  f.  The  method  of  investigation  founded  on  this 
ttfincd  notion  possesses  some  important  advantages  over  the  ordinary 
neibods  employed  for  the  same  purpose.  M.  Hansen  has  applied  it  with 
WHIM  to  the  theory  of  Jupiter  and  Saturn,  and  also  in  researches  on  tho 
liMr  perturbations. 

The  derBngements  in  the  elliptic  motion  of  a  planet,  occasioned  by  tba 
vtioo  of  another  planet  on  it,  depend  upon  an  algebraic  expression,  in- 
fairing  the  mutual  distance  ol  the  two  planets,  and  termed  the  perturbing 


*  Euier  cvpUioed  the  mdhod  of  the  vuiatiom  of  dementi  ia  hii  metnolr  on  tha 
WtolnlBooi  of  the  plaiieti,  which  He  tranjimUted  to  the  Acadeiny  of  Sk-ienc»)  in  1733} 
■lA  kit  IRVntlgation  was  imperfect,  because  lie  omitted  to  take  into  account  ihe  variation 
Wifat  qiot^k.  The  Hmc  defect  clianicteriied  I Ke  researches  of  Lsi|iTanfc,  which  appeared 
btW  volume  oftlic  Turin  Ac-ddcmy  fur  I7t)3>  It  vra3  not  until  he  publUlied  hitfatnouB 
Xncjn  on  tbe  plMoetuy  perlurtiattcm*  in  the  volume*  of  the  Bcrliit  Ac^iJemy  for 
l7|8;^-4,  th«t  ihe  Lact-meDlioncd  geometer  gave  a  c«niple1e  theory  of  the  aubjcct  by 
inmiftting  tiie  exj^tauoiu  for  tbe  t&riatioDa  of  the  lix  elemealt  of  the  undiiturbfld 
M^ 

1*  F^iaUeoiibiit  hn  expoimded  thtt  method  id  tbe  Conttaittanee  da  Tempt  for  1837- 
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ftmclion.  Before  any  progrsiss  can  be  made  in  computing  theee  MTtOl 
bBtioias,  it  is  nocessarj*  that  the  algebraic  expression  on  which  they  de|i«a 
should  be  decomposed  into  individual  terms.  This  object  ia  ^nenH 
effected  by  expanding  the  fimction  into  a  series  of  eines  and  cosines  < 
angles  increasing  proportionaHy^  with  the  time,  and  armnged  a«:conlca 
to  ascending  powers  of  the  eccentricities  and  inclinations.  If  no  oth« 
operation  was  necessary, atul  the  inequalities}  were  represented bj  the  termi 
simply  as  they  app<?ar  in  the  expanded  function,  the  ci>mpntation  of  those  tbi 
are  of  eenaible  magnitudes  would  not  be  veiy  troublesome;  for,  as  the  ecoa 
tricities  and  inclinations  of  the  planets  are  generally  veiy  inoonsideraljk 
at  least  if  we  except  the  smaller  planets,  the  series  converges  with  gra 
rapidity ;  and  for  all  pui-poses  of  comparison  between  theot^  and  obsertatioi 
it  would  not  be  necessarj'  to  take  into  account  any  terms  beyond  those  < 
the  second  order  with  respect  to  these  quantities.  But  this  is  by  no  meftl 
the  real  state  of  the  question.  After  the  perturbing  function  has  befl 
expanded  in  the  form  just  mentioned ^  it  nndei^oes  two  siicv^essjve  inll 
grations  Ijefore  the  terms  composing  it  can  bo  made  subseivient  i 
representing  the  planet's  inequalities  in  longitude.  By  this  proee< 
the  circum^itanceB  of  the  problem  ai*e  totally  altered,  and  its  diflTicnltJi 
in  a  vast  degree  augmented,  for  it  may  htippen  that  a  term  which 
nuite  insigniiseanl  in  the  original  e:!tpansion  will  acquire  by  dcnih 
integration  a  divisor  which  will  render  it  very  considerable  *.  TH 
divisor  is  a  multiplier  of  the  time  in  the  ori^nal  terms  of  the  espandfi 
fmietion,  and  it  ia  generally  formed  by  combining  together  in  endless  way 
by  addition  and  subtraction,  the  mean  motions  of  the  disturbing  and  di 
turbed  planejg.  The  geometer,  therefore,  cannot  safely  reject  any  ten 
in  the  expanded  fu action  from  a  mere  regard  to  their  order  in  the  serk 
unless  he  has  assured  himself  at  the  same  time  that  they  cannot  be  a£Eeeti 
to  a  sensible  extent  by  any  of  the  divisors  depending  on  the  various  eoi 
binatiouFi  of  the  raenn  raoiiona.  It  is  this  cimimstanoe  which  occasioi 
the  necessity  of  calculating  the  terms  of  the  third  and  even  the  fifth  orda 
in  the  theory  of  Jupiter  and  Saturn;  and  indeed  a  f?imilar  course  is  I 
dispensable  when  the  question  refers  to  any  of  those  inequalities  of  loi 
duration  which  extend  over  several  revolutions  of  the  disturbing  and  di 

*  Tbe  exprc»iJon  for  the  loogUtxie  contaiiii  a  term  at  the  fDrm  k  l      /   -I~  ia  iilii 

R  denotes  ibe  perhirbTrtg'  fondion,  t  tlie  epoch  of  the  diiturbed  planet,  and  *  i  oomti 
t]uat)tity.     Now  if,  irhcn  cx]>ancied,  U  found  to  contain  a  scries  of  termt  of  the  llai 

P  cc«  (  (t  fl  —  i'  t/)  /  >f  A^^;!  Hh  Q  J I  >■)  which  n  h'  deaote  the  mean  laolsons  of  I 

disturbed  and  diEltirbing  planetn,  •  i  the  epochs,  t  t'any  mteg4>n  whatever,  P  a  fuo^ 
of  the  «centricit)«i  sad  i(vclmation&  of  the  two  planels,  and    Q  a.  fupcUoo  of  I 

perihelia  and  the  nodes.      Hence  ^Jlft  ^^  will  contain  a  series  ©f  tenns  of  tbe  fa 

jr ^-^  P  fia  (  (* "  —  *'mO  <  +  'I  —  ^'i  +  Q\  and  it  ia  clew  that  if  many  vtm 

be  very  nearly  t^ual  to  V  n',  th<*  cftrTosponding  term  of  the  lon^tude  may  be  eoniideftW 
even  althougn  I*  be  wf  a  high  nrdtr  rt>lfttive  to  ihe  eccefitricilics  and  mclinntioiii.  I 
nun  pic,  irv  the  thi-orr  of  Jupiter  nnd  Saturn.  5  n  i»  verr  nearly  crnun!  lo  2  n',  and  be* 
ansea  the  famoui  iucqualiiy  in  ihc  Igngiludca  of  tbasc  jplaiieta  which  Laplace  vtos  the  i 
to  tiacv  to  it>  true  fih^neal  source. 


^Itnels  *.  As  the  terms  to  be  taken  iuto  ftocount  rise  in  degree 
l^oo;  of  compating  tbe  coefficients  incroasefi  with  frighlXtd  rapidity. 
Whk  liie  fiew  of  facilltAting  the  researches  of  geomet«i3,  Burchitnit 
alcakted  all  the  tertoB  of  tlie  pertiirbing  ftinctioii  to  the  nixtU  pwera 
rf  tb«  eocentricitieaf.  It  still  remained  to  execate  a  similar  calcula- 
bon  vitb  respect  to  Ifaei  indin&llions.  This  laborious  task  vos  per* 
bmod  by  Bimet,  who  cftrried  the  developement  to  the  seventh  powers 
i(  the  eceentficities  nnd  inclinauons.  This  has  been  found  to  be  amply 
i^ieiU  Ibr  eoinpnting  tbo  porturhations  of  the  older  plBuets,  but 
itibTBo  mentis  so,  when  the  question  refers  to  the  smtill  planeta  lying 
Wtiieen  the  orbits  of  Mars  and  Juititer,  or  when  tlie  pertnrbntioiis  of 
«llttiis  HI©  considered.  In  both  these  eases  tha  eccentricities  nnd  indi- 
ttttts  are  so  cotisiderable  that  the  terme  of  the  diaturbing  fiinctioTi  con- 
*■(•  Willi  extreme  eloTToess;  and  nu  this  ftecount,  it  is  necessary  to  cul- 
Mitte  a  moch  greater  number  of  tbein  than  in  the  theory  of  the  older 
fleMts,  ia  ©filer  to  attain  an  equal  degree  of  int^curacy.  Geometers  appeal' 
tD  itavA  tthatuloned  all  hopes  of  determining  the  coefficients  of  the  higher 
twos  by  the  ortlinaiy  process  of  algebraic  deYelopemont,  the  opemtion 
JifuHy  ftssuTOingso  complicated  a  form  as  to  berorae  totnlly  untnanageablo, 
Olher  tnetkods  Irnve  accordingly  been  deviaed  for  eflectijig  this  objfjct, 
€w  of  these  is  founded  on  the  principle  of  mechaoical  quadratures  J, 
H.  Hmsen  has  determined  the  coefficients  of  the  disturbing  function  by 
^metliod  in  n  memoir  on  the  theory  of  Jupiter  aud  Saturn  vihiah  ob- 
tlBBod  for  him  th«i  prise  of  the  Academy  of  Sciences  of  Berlin. 

iooiber  method  consists  in  giving"  particular  valnes  to  the  disturbing 
faaetun,  and  then,  by  meftos  of  the  equations  foiToed  between  tbetn  and 
ikf  «orTC9ponditig  values  of  the  series,  elimiuftling  as  many  coefficients  as 
9Kf  b«  deemed  desirable.  Tliis  method  has  been  practised  "with  complete 
■oeecis  by  M.  Le  Verrier  in  computing  the  perturbations  of  Uranus  by 
t8- 


*  W«  hsie  iBi«tttioBed  in  the  preeedlxig  note  that  It  contains  a  cenes  of  termn  «f  the 
In  PcoA  (  (•*•  —  i'N'')  I  H-  ' '  ^  It'  +  Q  }•    Now  the  lowest  temu  which  irtToIra  iny 

£■01  Mluea  of  i  i'  *re  of  tbe  order  t  —  t'  relative*  to  the  ccccntrLUks  und  inclinatioti^t 
lit  Kxi  low^rt  fertus  lisving  the  same  arguntGQts  \f  ouUl  he  bf  ihe  order  i  —  i'  +  2  ;  and 

(^  M>dcf  4ff  '^m  mcceeding  (nrm  swould  increase  bj  2  at  each  atrp.  For  exnmple,  if 
mt  imd  ^  >•  2,  then  tb«  u>west  terms  of  the  form 
I 
f  N^OMHiM  d«  I'lnsiitut,  ISOe. 
I  Thif  B»etJmd,  (he  gcrai  of  wliieh  may  be  traced  to  D'Alembert,  forms  the  subject  of 
ttosnert  by  Poiis9on»  which  appear  in  the  voluinc:*  of  the  Coitnaisaanct  des  T^empa  for 
tiejnd  l8S<t  Pont^coulnnt  has  cspUitied  it  in  hk  Thkmf.  An^^Hqut  du  Sifatcme  rfw 
ittidt,  and  his  abo  given  «a  ocample  of  its  stpplication  in  computing  the  great  iiicqunUty 
lihi^mwuA  fiiturn.     Sae  dw  work  just  cited,  tome  iii.  Uv.  vi.  chnp,  vi.  vil  XJtn 

I  Jtidh.1 1  f*m  tttr  fa  JUMRtfaMRl  de  la  Planite  Htnchtl,  CoRnaissance  dc»  TempSt 
mil  Le  Verrier  doet  not  fi\ii«  the  details  of  his  ttive^iigation  of  the  pcrturbuliuns  of 
L'lHiH  ty  this  mcihod,  bi«  object  bein^  merely  to  shew  the  accordance  of  it*  results  witU 
Am  be  nbtuned  by  the  ordinary  method  of  algebraic  developement.  In  a  menKiJr  already 
f^Mied  by  him  {pivtloppemem  svr  diffcrenCa  piiinls  dt  la  Thiorit  det  I*ertit/biUiona 

1  ^ 


I'^BpU  ke  of  the  third  ofrder  ;  tba  next  lowest  of  lh>;  fifth  order,  ajid  so  or.  Hence  we 
Mtn^c  the  reason  why  the  terms  upon  which  flit  long  inequality  of  Jupiter  and  Saturn 
^m^  «m  at  lt<agt  of  (he  third  order.  Similarly  in  the  long  inequality  of  the  Earth 
M^Pcim^  vrfakli  kHim  from  the  smalloeaa  of  is'n  — 8  n',  the  Semu  &rti  at  iesit  of  the 
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Wt*  hare  git  en  some  account  in  a  pre  vi  cms  cliapter  of  the  r 
Lftffraage  and  Laplace  on  the  secular  inequalilies  of  the  planetafy 
and  hate  dso  mentioned  the  results  to  which  they  were  com 
relatiTe  to  the  stability  of  the  system  of  the  world.  Laplic^  _._ 
monstrated  that  neither  the  eccentricities  nor  the  inclinations  wouKl  in- 
ereftse  indeSnitelj  with  the  time,  but  he  did  not  assign  anj  means  of 
d^tennining  the  exact  litnits  between  -which  thet  would  perpeluallr  »c3- 
late.  It  ia  conceivable,  indeed,  that  both  elements  might  tair  to  a  eoir 
tiderahle  extent,  without  invalidating  tlie  femous  theonema  of  ihal  geomfUl 
relative  to  their  limita.  Le  Yerrier  found  that  a  small  plnuet  revolnm 
round  the  sun  at  twice  the  mean  distance  of  the  earth  would  be  I0| 
dijiturbed  hy  Jupiter  and  Saturn  that  tlio  inclinations  of  its  orbit  reli^f< 
to  the  orbits  of  those  planets  would  attain  oonsldemble  magQiuidwii 
even  although  they  were  originally  vetr  small  *.  Now  it  ia  reuiarkabl< 
that  the  small  planets  diMovercd  between  the  orbits  of  iiare  aoi 
Jupiter,  whose  inclinations  we  know  to  he  greater  than  Chose  of  tbt 
other  planets,  have  all  been  found  to  revolve  in  the  neighbourhood  a 
tlxis  region.  I^e  Verrier  also  found  a  similar  region  between  MercofJ 
and  Venus,  in  which,  if  a  emflll  planet  revolved,  its  inclinfltions  rebuitl 
to  the  orbita  of  the  Earth  and  Vei^us  would  experience  considenUl 
vnriationa  from  the  disturbing  action  of  those  planets. 

The  ojily  definite  conclusion  which  could  be  drawn  from  Laplace's  rt 
searches,  waa  that  the  expressions  for  the  eccentricities  and  inclinatkii 
would  conaist  of  a  sorieg  of  sines  and  cosines  of  angles,  increasing  wil 
the  time,  but  would  not  contain  any  term  involting  the  time,  without  th 
functional  svinbolti.  It  still  remained  to  compute  the  numerical  viliu 
of  the  constaijts  entering  into  these  terras,  in  order  to  ascertain  the  v»hn 
of  the  elements  corresponding  to  any  time,  pa^t  or  future,  and  to  assi;g 
the  e^act  limits  within  which  tlicj  would  perpetually  oscillate.  Th 
operation,  however^  was  one  of  extreme  difficulty,  for  it  involved  the  resedl 
lion  of  an  algebraic  equatiou.  equal  in  degree  to  the  number  of  planel 
whose  mutual  action  was  eoni^idered,  and  demanded  also  a  most  laboticK 
process  of  elimination.  Lngmnge  made  the  first  successful  attack  on  th 
problem,  by  the  aid  of  an  ingenious  ssmplilication,  whit-h  consisted  i 
grouping  the  planets  into  two  systems,  one  composed  of  Jupiter  iq 
Saturn,  to  which  he  subsequently  added  Uranusi;  and  the  other  oompoN 
of  Mercury,  Venu^.  tbe  Earth,  and  Jlara,  taking  nlao  into  account  tt 
action  of  the  larger  planets  upon  each  of  these  bodies.  By  this  ptocei 
ho  found  that  the  eccentricities  and  inclinations  would  continually  osd 
late  between  very  narrow  limits,  and  he  assigned  the  numerical  vjiJues  ( 
the  limits  for  each  planet.  Tbi^  iuvestigation  of  Lagrange  s,  aUhou| 
valuable  as  a  first  attempt  to  establish  an  important  point  in  the  systei 
of  the  world,  was  considerably  vitiated  by  the  erroneous  values  he  assigzki 
to  the  masses  of  the  smaller  planets,  especially  Venus,  the  mas«  of  wmfl 
he  estiumted  at  a  half  more  than  its  true  value.  In  more  recent  time 
when  the  masses  of  the  planets  and  the  elements  of  their  motions  catx 
to  be  ascertained  with  greater  aocuraey,  a  atr on g  desire  was  felt  that  til 

dti  Phnfte;  No.  1)  he  explained  the  ingenioui  proccu  by  which  he  cliininiit«d  tbe  a 
eflicienl^  of  the  disturbing  function.  A  tnmdation  of  thii  memoir  ii  given  in  TWjfJbf 
Scimtijir.  Memoir*,  port  xviii.  See  aJso  on  this  lubjcet  A  piptiT  hy  Sir  John  Ltihbocki  I 
the  Ph;|riKti>hical  JtlngikxirK  far  Augustt,  1848. 

•  Miatntre  §ur  It*  Mouvementi  da  InetinaitOM  «t  da  NiKudt  det  tnit  PIuh^m  Ji 
piier,  S«tnrti  tt  Uranltt. 
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aifaoald  be  submitted  to  a  fresh  investigatioii.  This  task  was 
ikaa  ly  Le  Verrier*  who  took  into  account  the  uimulUmeous  action 
«|  die  seven  plaueta  '^.  This  excellent  geometer  was  conducted  by  hi;} 
wwthgB  to  some  very  iuterestiug  coocluaioas.  He  found  tiiat  after  the 
i^io  of  A  tew  hundred  jeaxs,  Lagrange  g  formulce  for  the  etemeuts  would 
|«coiBe  inacctunate ;  but  it  b  remarkal)le  that  the  superior  Hmits  of  the 
Meolncttiies  as  assigned  by  tlmt  geometer  did  uot  ditTer  materially  fi'om 
Am  obUuned  by  Le  Verrier.  This  circumstance  depends  upon  a 
oriois  relAtion  which  JL>e  Verrier  fouud  to  coimect  the  variation  of  the 
fiwt,  WXh  supposed  errors  in  the  majs^es  of  the  disturbing  planels.  Ho 
feenewd,  in  fact,  that  the  limit  would  vary  only  to  a  very  aUgbt  extent, 
even  altboutgh  considerable  errors  were  committed  in  the  egtimatiou  of 
^  mftsses.  Thi!§  theorem  is  true  ^vith  respect  to  all  the  planets, 
impt  the  E>aitU  and  Yeuu^.  The  coincidence  in  these  two  instances 
Icpaads  apOB  the  particular  value  which  Lagmnge  assigned  to  tho  mass 
rfT«ttBS,  By  employing  any  other  value  of  the  mass,  he  would  have 
slMuMd  Tftty  different  values  for  the  limits  of  the  eccentricities  of  the 

A  rramrkable  period  which  Le  Verrier  has  considered  in  conuexiou 
vitk  Ina  reeeeyrcbes  on  the  secular  variations,  is  that  which  would  restore 
fbt  eooentricities  and  pei'ihetia  of  the  three  superior  planets,  Jupiter, 
Sttnm,  atid  Uranus,  to  the  same  mutual  relations.  When  the  slowness 
with  which  these  elements  vary,  h  taken  into  account,  one  might  reaaon- 
aUj  Wtatppoae  that  many  millious  of  years  wotild  elapse  before  such  a  re- 
iteation  could  take  place.  Le  Verrier  found,  however,  that  a  peried  of 
aioe  hoodred  ihuusafld  yeai^  would  suffice  for  this  purpose,  alihough 
like  elements  of  the  planets  will  have  passed  through  all  their  values  only 
n  niiall  number  of  times  in  that  interval »  and  the  elements  of  Uranus  will 
h«ve  coropleted  only  one  cycle  of  their  values.  He  considers  that  the 
«m>r  of  this  period  does  not  exceed  four  thousand  years,  or  ^jth  of  its 
computed  value. 
The  researches  on  the  secular  variations  of  tlie  planets  had  hitherto 

rr^nfined  to  the  first  powers  of  the  eccentricities  and  incluiatious. 

tf^e  elements  vary  with  extreme  slowness,  it  was  supposed  that  the 
ftfeals  of  tbe  superior  powers  would  be  very  inBiguiHcaQt,  and  that  their 

*  ftBlAeouIuit  had  ealculated  the  eTpre«»icin«  for  )be  elemenU  of  tlie  Ecven  ptancU, 
MljMMiihrit  hit  iie«iwche«  in  the  iliird  volume  of  liis  Thlorie  Anah/tiqvt  du  Syslime 
iuMamiet  but  Le  Verrkr,  upon  carnpariii^  thetn  with  his  owti  results^  foutid  them  to  be 
MMUf  «sroDeou».  For  further  particulars  in  connexipn  wUEj  ihU  L':ircutuetancc,  see  tbc 
twyln  Semdiu,  Home  ix.  p.  550,  tnme  x,  |ip.  509,  739,  tome  xl  pp.  672,  861  i  see 
dio  |h«  Cwutraimm^  det  Ttmpi  for  1843,  AMtlions,  ^  24. 

t  TIm  fi^Uoiring  are  the  superior  limits  of  the  cccentriciti^  of  ihe  ux  older  plaiigtA,  is 
■tevd  nspecliTely  bj  Lognuage  and  Lo  Verrier. 

I.agran|g;e.  Le  Verrier. 

MereuiT..... 0.223CB ,.  0-22565 

Veaui 0.0S271 0.08672 

The  Earth 0,07641 0.07775 

Mm  0.14720 0.14224 

lupiler 0.06036 0.06155 

8«tuni   0.06408 O.OB402 

bwoeld  be  diSicuk  to  account  for  the  ticiir  ngreement  of  these  results,  except  hj  the 
lleann  iiUucled  to  in  the  text»  relative  to  ihe  errois  in  the  valtiea  of  the  ramMes.  Le 
tcfikr  baji  fixed  the  Rilnintum  vaJue  of  the  Earth's  eceeDtricity  at  0.003314;  whence 
hiffievi  thftt  ber  orbit  will  never  attain  a  circulu'  foriUj  as  some  penaxA  have  imngined. 
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eeevaineitieindmdiDiitians*     HieicOTltofk 
rmipf  rm  ronimjtftiriiti  haJ  hnm  iwririiMliiJ    HedMca^wwAthit  itw 
of  the  thiid  ofder  |— iJurri.  dfaeta  vkkk  ray  s9qb.  Iimmm  aeaaiU^k « 
tkerefere  e«ali  sot  to  nceieeivd.    With  ic^eet  to  the  slaliBlity  of 
sjatem,  h«  loond  Aat  vh«n  the  plaaels  Jofiicr,  Salani,  ind  U; 
wen  eoiniderecL,  tbe  mfcrodnctiAii  of  the  tama  6^  the  thiid  onier  had 
dbet  of  eesBnuiog  tbe  results  of  prarwaa  nseochie  mt  the  Hohfeet; 
when  die  qoesuon  referred  to  the  four  smaller  planets,  ksas  iapoHiUe 
arrive  at  any  definite  coQclnsioa,  on  account  oS  tkm  uatttUirOj 
yted  tiespectbig  the  maasee  ol  those  bodies. 

^le  theocy  of  the  mooo  has  in  all  ages  occaaieoed  uuch  icon 
MtiOIMMMrs.     Som^  of  the  itregukrities  in  the  motkn  of  thai  hoAf 
WvA  nagtntode  an  to  farce  themselres  upon  the  notice  of  the  of 
ereo  in  a  very  rude  state  of  astranomy,  aod  a  itnmg  desire  has  in 

mieDoe  been  alwajrs  felt  to  ascertain  their  real  dtiaracter.     In  moce  

omet  ilie  adTantaga  of  a  knowledge  of  the  moon'i  tootion  m  promoti 
Ibe  |N>rpoaafl  of  geogmphj  and  navigation,  and  in  afibrdii^  a  jreedy 
of  teating  the  tbeorr  of  gr^ntatiom  hia  iiofiaited  an  unadoal  di^gree  ^ 
iiiterMt  to  tlie  itudjr  of  her  Tviooa  inequyities.  Tovards  the  close  { 
tlie  eighteenth  eentoiy  the  most  eateemed  tables  of  the  moon  weve  tbol 
of  Mayer,  retiaiMi  in  1780  hy  Mason.  In  1798  the  Freudi  luatituu 
lieairMis  of  obtaiolDg  cprrectioua  of  the  elements  of  bei  motion,  propoee 
aa>  the  sohject  of  a  pruce,  t^o  detertoination  of  the  mean  places  of  tl| 
MOfM  ml  licetiding  Dode  of  tlie  lunar  orbit,  by  merits  uf  at  least  5^ 
oneenradona.  This  pri^e  wfts  awoLirded  to  Burg,  au  astro  oomer  of  Viem^ 
who  empltiyed  ia  bis  calculations  as  many  as  d^3'2  observatiosa.  Xabl^ 
were  Uien  constructed  bj  him  upon  the  basis  of  the  corrected  elementt 
The  ngamata  of  the  equotiuni^  were  derived  ffom  Laplace  a  theorjri  H 
tho  ooeflkienta  were  determined  by  observation.  In  one  instance  oii| 
voce  so  few  '»M  t66  eqnationa  of  ooudition  employed  m,  determimug  th 
value  of  a  ooefflcient.  Havitig  cornpaxed  bis  tables  with  the  observations  < 
Rradloy  nn<l  Ma^jkelyne,  Burg  discovered  a  general  discordance  in  lb 
•podtt  which  he  man  uuable  to  account  for.  Similar  errors  pri^sented  then 
Mhrna  when  he  instituted  a  comparison  between  the  computed  loni^tadej 
and  the  obaerraHons  of  Lahir©  and  Flamstead,  towards  ibe  close  of  tb 
MOTcnteentU  ceutury.  I/aploce  suspected  that  the  en"ors  were  produeO 
bjrsonio  penodic  inc^quallty  uf  long  duration  iu  tbo  moous  mean  longitod^ 
•od  be  pointed  out  two  equations,  either  of  which  might  possibly  | 
die  cauNo  f}(  thvm.  One  of  these  depended  on  the  disturbing  aietionl 
the  sun.  nud  had  for  ita  argument  twice  the  longitude  of  the  luonn's  nod< 
pluHi  tlio  longitude  of  her  perigee,  minus  three  times  the  longitude  of  th 
wun's  perigee.  Its  period  amouuted  to  184  years.  The  other  eqimtial 
dcpcoik'd  on  the  fact  that  the  figure  of  the  earth  is  not  symmetrical  c^ 
each  side  of  the  equator.  It  had  a  period  of  ni>  yenrs.  The  equatiol 
depending  on  tbe  action  of  the  sun,  being  of  the  tenth  order  of  magmlud^ 


*  f I  b  WHj  it*  sec  from  fbc  farm  qT  the  eiptesfonjt  for  the  vanrntiotif  of  tbo  deiBcalj 
thil  Ihe  iMHtt  itop  in  the  apprositmalkni  «tU  intiwiuee  tb«  tlurd  poireii  of  (be  acoi^ 
tricitiai. 


Luliee  diii  not  undertake  the  eicessive  labour  of  calculatiug  iU  maximum 
iMft.  Bucg*  how'Bver,  selected  it  for  the  purpose  of  ropreseutmg  Lhe 
cnus  Df  diie  tables,  applying  to  it  an  empirk  coefficient  eqad  to  15"' 
k  1B12  Borclmrtlt  obtained  corrections  uf  Burg's  elements^  ^ivbich  hr^  em- 
fif^  in  the  calculation  of  new  tables.  He  rejected  tha  equation  of 
Mtt  period  depending  ou  the  action  of  the  sun,  and  substituted  instead  of 
it,  ue  iM|aaiiaii  which  Laplace  attributed  to  the  difference  between  the 
In  kemi^heres  of  the  eartL  This  equation  was  not  calculated  any 
BOTE  Uian  th&  other ;  Burchardt  tueraly  endeavoured  to  satisfy  the  ob- 
■nationa  hy  applying  to  it  au  empiric  coefficient  equal  to  ]  2". 5. 

The  IfittAT  tables  were  hitherto  principally  indebted  to  abservation  for 
didtiteilA  a»  well  as  the  groundwork  of  tlieir  t'oiisU'uction,  i^Ince  the  ar- 
fttwnti  AkHSke  of  th«  equations  were  derived  from  theory^  As  this  cir- 
Otttauca  was  considered  derogatory  to  the  dignity  of  I^hysicol  Aj&tro- 
M^,  thd  Freuch  Iiistitute  in  1824  proposed  us  the  subject  of  a  prize, 
I  theory  of  the  moon's  motion  which  should  only  exact  from  observation 
lb  data  required  to  determine  the  &ix  fundamental  elements.  Two  n>e- 
BDtTk  were  deeuned  worthy  of  being  crowned;  oue  by  Damoij^an,  tha 
•der  by  Plana  and  Corliiu.  The  former  of  these  has  been  published  in 
tb  tktfd  ^ulaiue  of  thu  *'Mej>u>ires  d^  Sasam  FArant/era  ;"  the  latter 
ka  Qoi  been  given  to  the  world,  hot  an  eUtborate  work  ou  the  same  sub- 
jw,  aihd  uTOvrexily  executed  upon  the  same  plan,  was  pulilished  by  Plana, 
k  lb^2*,  Damoiseau  has  used  Laplace's  mtsthod  of  in veti ligation ;  but  he 
kisaBRied  the  Approximation  to  a  much  greater  extent  than  that  Ulus- 
ttkos  geometer  has  done.  Hi^  memoir  has  been  much  admired  for  the 
dMKMses  vk*c]s  pervades  ita  vast  expansion,  and  the  beautiful  symmetry 
idieh  dietUkgoishes  the  arrangement  of  the  teruLj.  He  calculated  tables 
«f  the  moon  solely  by  the  aid  of  his  theory,  wliicb  have  been  regarded  as 
M  IcMt  equal  to  any  ckf  those  in  previoiui  use.  The  method  of  Pbma 
Kfcees  essentially  with  that  pui'sued  by  Ciairaut  and  his  succe&eors ;  but 
lit  1ms  titlroduced  into  it  several  iugemous  modifications.  The  entire 
rwni(iinli<  i  of  this  distiiiguisbed  geometer  es^hibit  the  most  connuanding 
^Mtccy  <^  his  EiuUjt^ct.  It  i^  impossible  to  repress  a  feeling  of  sympathy 
fartbe  aathor,  when  he  informs  us  that  throughout  all  the  immeuse  calca- 
kLMOft  of  this  work,  he  had  not  the  benefit  of  a  single  assistant f. 

Damoiaceu,  as  well  as  Plana  aud  Cartini,  found  reason  to  believe  that  the 
of  kitig  pericd,  suggested  by  Laplace,  did  not  possess  sensible 
LapUce,  who  always  bad  strong  misgivings  reiipecting  the  mag* 
le  of  ihe^e  equations,  concurred  in  tliis  opinion,  and  it  was  nuw  ge* 
MnOj  Admitted  that  the  en'ors  in  tbe  moon's  epoch  could  not  be  ac- 
VMBted  lor  by  en  equation  of  any  known  form.  Carliiii  iu  16^4  sug' 
jfrtcd  f&tat  aquations  for  the  purpose  of  reconciling  the  tables  with  ob- 
■araiaiMi.  Some  of  these  he  c^n^dered  to  be  preferable  to  Laplace's,  but 
ke  wnotajeed  that  the  errors  were  best  represented  by  a  term  depending 
tt  lhe  flf  oare  of  iht  time.  The  admission  of  this  explanation  would  have 
lioi  1—taimfWilTt  to  oii  Abandonment  of  the  question ;  but  such  a  course 
iiidd  fakve  been  ft  n^iroach  to  the  advanced  state  of  Physical  Ai^tronomy, 
asd  eonld  not  cm  any  accouiu  be  sanctioned. 

*  fhiititie  da  MiWTcment  Oe  Ja  Lune,  <*)  tomes  4ta,  TunUt  1632. 

t  •  Je  a*a  pO  me  fejre  aider  par  pcraonne;  j'ni  dO  tranjner  iCuU  cattfi  longuc  chiitio 
if  okolK  et  II  n'al  p»  Atonuant  u  par  inikdrarteDce,  J'bj  omb  tiQcli^uet  t^rmcs  qu'il  fell" 
WtCQB^derer  poor  ma  coiofoimier  a  la  rigueur  de  mu  proprea  principra." — ^Diicouri 


-i«'  33*?' or    .7  JSTSKAL  JSTBOSCTT. 

>r  .'•  Min   ljiidt>«:>i   US  ji  '•itiCisujjtl  vsa  lontr  pertarlMttions  in  uiM 

•Liuvjii'  j»;;c'r>  viua  UT' !  lunttm'L  ::i  diie  Tolumes  of  the  Bojal  Sodetf, 

t.:ii  L*^'  11  I  s'tn-'ttL  :r*:sc:!*?  m.  zu  mhiia^    Tbe  moet  remariuble  inM 

ti-i  i]  x'l'.y-i  It'  lus  jic=»j(L>u-^.L  ncti  ixiif  KStMKhes  is  that  of  emplqjiig 

ji'    v.i-t.i      ii«^'i-iiii<    'c  zxt  iiuuii  Hi  fxe  icdependent  Tariable.    Tluii 

-^t:  •jiruvzKn  \i:«M   jiui.  u'T^i"^  Ji!«iz.  pumriii  ui  Um  planotaij  theoij, lut 

:i  j.ui  •.u:„u'    '    bti  jesiii  iiciur-j  iiHfObiti  OMre  coiiTeuient  to  derive  At 

rtt'^ijt    « ivr-'Mu    !t   'i.'-m^    jc  'in*  ^u;.   cocsiiiered  as  the  independflit 

- -t.-*;t>.<i>-     i.:-L    -ii  >i  ]v^  :ixt<  r^^->ir»<a  jc  i«TMS  c«>  obtain  the  expressKHi  te 

:.»i.i    .-.-ii<    .  im'i-iiit.'    u  :-.'ms  jif  :Iii;  Tn^stn      Toe  eminent  geometer  jMt 

-riv-ir  .-i-i?i--!    'lU-.  ■.■-':>>  !i'it<v7;r   'iiuc  ^iij  ise -.'C  che  mean  longitudo M  Ai 

■i-"«.":c'Ti:«  'T.     t.-!!  .'ii-  ■.  niLinra*  ^  zrsorir  «cncociCT  in  practice,  even  iihai 

.■»■.•  <uv;>.  •  ir   '  ;f  •«   •     .n;  "'inar  7«!mr:ii=!cn*.    His  example  vras  MW 

i*\.M:i.-rN  ' .  I  *  -•   'I-  V  ixslii.  rii;  ::i:r.-ii'ii.'««i  luocher  important  iimoft 

-..'•jf  -•  V    I.;    ir'ii-  -!i-i-»    <i-  iinrfu-fJM -Ji  ia  E«s«arches  the  method fli 

,.fi;  »'t.-.i.  ii'    ■.   .'..   rii:!  -»  • 

'.''■.•  i*  .-  fvi  ■■  1  i:Li  s."  .-jiitiiiiM'L  :o  a:BiL-h  to  the  lunar  theor 
i  v>f  v,!j  ,u:  ;c~.i^  11  _ii.'  Tieia.  l•.■lxtf■.T^i!•.  which  had  occasioned  • 
•::  v*  'j  '.vj.  .-■ s.',Ns<«  II  *;:iv>?  ii'i  xdZLioxTStfui  of  the  nineteentl 
A-  ■  '  <  'i  iij^'f  ,j'i  - 1  i.-rr.!.':.  "7  .i:'.<:c)c;<!£'.':>i.  impending  on  the  actki 
/t  . '•.  V  "»  ?  c'l  *.ji.:i;ioj  -lus^jwscd^L  is  zhi  Tn:-lMble  explanation  { 
.".V"^-  ».:«'.-;.i"  »."N.  ^jfcs  ■if:n*:'rL.'-  ii£-jf<--i«i  :j  ":«?  izL^^rnsible,  still,  as  n 
A. ..■■/.■■..  \fc.-,  .-vc-r  Ti.iJ..-  .V  ri..i.-'i"ii .V  :s  rtfiil '^:il:i<e.  the  question  as  toil 
i'.5r,« •«*.->  ;.•  *.\vi^f,  1,-  ,ji:  ,'rT:rs  c  :.i>j  ^1:4  .rcunued  to  be  involved  i 
,l.'v;>s  ;\.>a<"  '.»•  •;;  'vixr-icc  .j-i?  vt-ii:  T;:a  STMt  attention,  di 
,v»v.'.v,  .  "v  f-.-vc'-i:- .  itt.-M  .jii  -i'!  iscirvLri  a:&:c  vi  the  sun  could IM 
yi\v..*.v  c^  %><  it"  ,^  '  .!».•  7;rci:  >  Ttoran  Icc^.^s-ie  of  the  form  indicate 
i*  »A  l;*.v  ':-^.'  ..:.,'f  .vcs;c>;!r:'L  -i-;  rrffi^^^rr  depending  on  tk 
»:■.  \  V  -^v  •  .??o  ,v.'i  .'."ss^vtt  •£  :i..»  rr:  irfciispfceres,  and  he  found,! 
Ia..\<nv  Nt.i  a"  v*;ji  ;c.'«.'.  ;»ii;  .:  »•»  ;'i::rf  :=s!i<Gs:c!e.  Sir  John  Lubboel 
a\,;.   ,r.>  vt '.v  .  -....  "■. .-s  ^.'ivi"'  4rr»'ic  x;  i  <-=iikr conclusion  bytl 

'.V..;<i -.v*  io-ist"  ..'  .c  .  •,\:r2i:-''>.'crf<^v;Lr:cie  accuracTwith  whii 
t*K'  ,':.^s:*ji.v  >  »vv  -.•■  .vvi  ,i.c  li-f  iiRV^-  :i  cr^viatioa  «as  found  i 
U'  »\»  ».*;.nu*h.,."»  v.  .**■  ...j;.;:  -VTs:.«rt.-.^  :>ii:  ::  jtvriie'i  impossible  to  que 
ti.".\  '.,>  *ai\.v»._»  .-•  A.\\\.-.  ".c  *.'■  ijxr  r.Ttl  :rr-^:tLJihd«s  in  the  motionti 
«.»o  >..\4\sr.l\  S.\L.i«s.  V  >..y,  >;*v»,(r.  »■»  i:  I«:-.cih  taken  which  est 
l«l'.x'.'..\i  •".  '.'v  .v,«ri"^*si  Vs;.-,  ..^^'  jxvjil  ^\:?!s:ircsf  .:*  the  phenomenon,  ai 
iovuv.v..*:i\i  ■•.  •,>..>;:•.:•" vuM-;  » .-.:■  vj«.-a::«.c  ci  N«»-:ccs  principles.  Fi 
snvu'.o  \\\iw  i\*n:  aV.  ;!..•  ,'^c*:*;vti  ,-  :lv  *c:::.  afc.va.  and  planets.  whi< 
Iwxo  UvM  •.■.■A.:,"  a:  v»:vvv.i«vi:  jcvo*  ;.:.•:  vr.i.lW  of  ;he  last  centurr,  hai 
Uvi\  wi«..i,'!>,y::-,j;  a  .s.urs*.'  ,-;  r^-c^cixr,  .vc:::.  :ryi'c>  ;o  a  uniform  pis 
u«»lcv  tiu'  *V'.««  s«ivr\v.:cv..li*.xv  .•;  :;,'  yrtf^vc:  A$=or.omer  Iloval.  ] 
th»' Miv.u'.i^r  « :  l>*i'.  'hr  '.u:yir  .its^r^^ivc*  »*r«  $o  &r  completed  as 
o«ab5o  Mr,  Airj-  so  oV^:-.'.  :re<sh  o.'crwju.::^  ::r  th^-  elements,  and  iril 
ihoM*  ill*'  «'i\vh*  ^t'sv  s-A'.vujiseki  r.r  .l-.5Vwc:  ;:r::«  and  compared  wit 
»vrr»\xiv!UM!-is  obsenativ  ::>  Th.*  »v:ux».--*.c  b»i  :he  effwt  of  confirmii 
I'V  iho  i«.\v>t  otvi>ite  «-\:.i«'ixv  ih^  nrTMi&7ch«>s  .•:  Funt  and  other  astnm 


•  Mrta.  Aoal  Jm  ^cwocv*.  I;^^ 
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r7)  the  Jata  he  had  jast  obtained,  under  the  full  a^sumiice  gf  that 
-noun   raatheni&tictati'&  eoropeteucy  to  invfietigate  the  iatricacted  of 
i-?o<i's  perturbations.     A"^  Poissoti  and  Lubbock  had  already  ahewa 
-  .le  errors  of  mean  longitude  could  not  be  tirofed  to  the  direet  acUoa 
sou.  or  the  disturhiug  influence  of  the  earth's  figure,  the  question 
.-  i-ixrowed  to  the  iovestigation  of  the  effects  produced  by  the  action  of 
ibt  ptaoet^,  which  had  been  hitherto  supposed  to  be  almost  insensible. 
!'■— erj.  gaided  hy  his  profound  knowledge  of  the  tlieory  of  perturbation, 
-u<ok  a  rigoraos  scrutiny  of  all  the  inequalities  of  long  period  whivh 
'  likely  to  eySbrd  an  explanatioa  of  the  errors  of  the  tables.     He 
Tuaajr  equations  of  tliis  nature  that  vvere  found  to  be  insensible; 
9ui  ne   nuallj  discovered   two  depeudiag  on  the  action  of  Vetia^,  the 
wprilniitTn  of  vihich  were  totally  unexpected.     One  of  these  arises  from 
^  fitoi  tiiftt  sbcteen  times  the  mean  motion  of  the  eartli,  plus  the  mean 
MwcL  of  the  moon,  minus  eighteen  times  the  mean  motion  of  Venus,  ia 
iTnyemall  quautiiy.     Indeed^  when  its  numerical  value  m  computed,  it 
il  toaad  to  amount  only  to  about  T^^Va  ^^  ^^  ^^^  moon's  mean  motion- 
Saw  ibe  terms  of  the  perturbing  function  ivhich  have  this  quantity  for  a 
aaltiplier  of  the  time  under  the  symbols  sine  or  cosine,  although  of  the 
tUrd  order  with  respect  to  the  eccentricities  and  iiiclinations,  tcill  acquire 
hf  double   integration  its  squai'e  aa  a  divisor,  and  will  on  this  account 
ktm  an  eqn^tiou   of  couHtderable  maguiiude  in  the  e^tpression  for  the 
itude.     Hansen  found  the  maximum  value  of  this  equation  to  amount 
ilT".-!,  and  its  period  to  57y  years.     The  other  equation  depends  on 
tliat  the  diilerence  between  thirteen  times  the  mean  motion  of  the 
.  and  eight  times  the  mean  motion  of  Venus,  is  a  very  small  fraction, 
b  ma\inium  value  amounts  to  2 3 ".'2,  and  its  period  to  S30  years.     The 
mequaltty  represented  by  this  equation  is  manifestly  analogous  to  the  long 
taequality  in  the  earth 'js  epoch  discovered  by  Mr.  ^\iry.     Indeed,  it  is  uot 
fifienlt  to  see  that  the  tatter  inequality  wilt  occasion  a  variation  in  the 
UMa  T^ae  of  the  disturbing  action  of  the  sun,  and  will  thereby  give  rise 
to  m  tnequality  of  a  similar  nature  in  the  moon's  longitude. 

These  two  inequalities  discovered  by  M.  Hansen,  when  applied  to  the 
moon's  computed  longitudu,  completely  account  for  the  errors  in  the  tables, 
ritich  had  so  long  peqilexed  the  astronomers  and  mathematicians  of 
Eunifte.  The  lunar  theory  may,  therefore,  now  be  considered  as  divested 
ot  all  serious  embarrassment;  and  in  its  present  state  it  undoubtedly 
eoasUtutes  one  of  the  noblest  monuments  of  intellectual  research  which 
f^  isaais  of  science  otfer  to  our  contemplatiou.  From  the  age  of 
H^fClchns  down  to  the  present  day,  the  complicated  movements  of  the 
BMii  have  formed  the  subject  of  nnsious  enquiry.  One  by  one  have  her 
niuiierDus  inequalities  been  detected,  and  their  laws  ascertsiued.  until  the 
Mnmomer  is  finally  enabled  to  predict  her  place  with  all  the  accumcy 
OlUdd  for  by  the  most  refmed  appliances  of  modern  observation.  Perhaps 
BO  other  part  of  astronomy  exhibits  so  many  unequivocal  triumphs  of  the 
dmty  of  gr»vitation  as  the  researches  connected  with  the  moon's  motion, 
TW  eojocideuce  between  the  deductions  of  the  geometer  and  the  results 
()fictat1  ohservation  is  truly  astonishing,  when  ojiq  considers  the  intricacy 
of  the  eolsject.  Newton  furnished  incontestable  evidence  of  the  truth  of 
bk  principles  when  he  calculated  the  motion  of  the  moon's  nodes  to  withiti 
rititSi  part  of  the  actual  motion.  In  the  present  day,  however,  the  theories 
of  PUmii  and  Damoiseau  assign  the  motions  of  the  apsides  and  nodes  to 


im 


BJSSCtSX  07  laZStCAI.  ASTBOKdlCX. 


-Viifaiii  TTr.^TTTrtli  part  of  their  observed  valuea  *i^.     Euler  concoked  that 
ibe  (iwtnrbing  action  of  the  planets  would  oS&r  unaurmoun table  dil£<niltiQ% 

itpirards  anivliig  at  a  complete  theory  of  the  moon's   motioti,  (UkI 
id  that  this  circiimstance  vTould  for  cTer  prevent  astronomera 
ig  the  error  in  the  computed  place  of  that  body  below  30" f, 
lent  lis  Vi^ll  calculated  to  i^tiggegt  the  important  chamcter  of 
Its  to  which  M.  Hanseu  baa  been  conducted  bj  his  reaaaLCcfaea  in 

rpresent  instance  I. 

The  moouH  mass  ba^  been  variously  estimated  by  astronomers.  Xewtoti, 
by  a  comparison  of  hia  theory  of  the  tides  wiili  observation,  concluded  that 
it  amounted  to  xij.V?nT>  ^^^  eartli  s  mass  being  Buppoeed  equal  to  unity  |. 
Laplace  similarly  injferred  from  tUe  height  of  the  tides  at  Brest  that  tJie 
moon's  mass  ivas  equal  to  n^.^jl*  This  result  is  considembly  less  than 
that  assigned  by  Newton  ;  but  Laplace  conceives  that  on  account  of  iha 
uiHoonce  of  lodol  circumstances  on  the  height  of  the  tides  at  firest,  tbs 
real  value  of  the  moon's  mass  is  even  etill  leiis.  He,  therefore,  determiued 
the  mass  by  otlier  methods,  and  estimated  its  most  probable  \iilue  by 
taking  a  mean  of  all  the  results.  Three  distinct  methods  offer  themselviea 
jfor  this  puqjose,  basidesj  that  suggested  by  the  theory  of  the  tides.  Ot» 
of  these  depends  upon  the  fact  that  the  force  tv'hicb  retains  the  moon  ui 
her  orbit,  as  indicated  by  her  periodic  time  and  observed  distance,  '}&  in» 
fiot  merely  to  the  action  of  the  earth,  but  to  the  united  actions  of  thA 
earth  and  moon,  Henco,  by  computing  the  force  in  this  miuujer, 
get  the  Hum  of  the  masses  of  the  two  bodies,  and  if  the  earth's 
i&  already  kno^vn,  the  moou  s  nuiss  becomes  kno>Mi  also.  Adopting 
l^'^OS  as  the  mean  parallax  of  the  moon,  Laplace  obtained  hy 
metliod  y^,'j  for  the  value  of  her  mtis??. 

Another  method  for  determining  the  moon^s  mass  is  anggested  by  the 
inequality  in  the  ^nn's  longitude,  depending  on  the  displacement  of  the 
«&rth  from  the  common  centre  of  gravity  of  the  earth  and  moon.  Since 
this  is  the  point  to  which  astronomers  refer  the  computed  place  of  the 
earth,  it  is  clear  that  the  motion  of  that  body  round  it  will  generally  cause 
the  computed  and  observed  places  of  the  sun  to  differ.  When  the  moon 
is  in  syzigees  the  inequality  faimhes ;  for  then  tho  sun  appears,  in  the 
aajoae  position,  whether  observed  from  the  earth,  or  from  the  centre  of 

[gntvity  of  the  etirth  and  moon.     It  manifestly  att^ns  its  maximum  v«lue 
st  the  fBidratureB,  where  th&  lines  drawn  from  the  aun  to  the  earth  anii 

*  See  PoisKni't  Miaoin  du  Mouv^rciU  di  !a  Lune  autour  de  1ft  Teire,  U^m.  Aca4» 
des  Sciences,  tomq  xiii.  1H35, 

+  "  Ao  n'ste  jc  in;  doute  pas,  quVn  corrtgeant  les  lieiix  mnyena  de  I'apogL'e  et  du  naud 
^aw  Ic9  labks  ordiuEUJV«,  on  oe  puisfc  par  cc  mcfjen  parrcnir  k  determiner  le  Heu  de  In 
kme  k  Sff'  ptitL,  Or  pmir  ub  plu*  baut  degrS  de  pr^'iaUm  on  am  uurait  jwnais  l^esp^rar 
k  cuue  de  ractiou  del  autnea  pbn^tes  a  laqudle  u  Lune  est  aasujctie."  Tb^ooe  da  ta 
,  liuae,  Ptix  de  I'Acad^inJo,  toms  Lx# 

t  Stnce  iTio  preceding  lines  wen?  wriHen,  we  ^»ve  ascertained  that  at  the  mcctlns  of 
iJie  Aslronomiral  Society  fur  September  IBiS,  Mr.  Airy  com miin mated  tin?  eorrectioni 
of  the  elements  of  ihe  lunv  orbit,  deduced  from  th^  Greeiiwicb  obHrraliom  from  1730 
to  1830.  When  we  confider  tbe  extent  and  accunicy  of  theae  obacrrationa,  embracing 
the  united  labours  of  Bradky,  Ma^d^dviie,  nod  Pi>n(J ;  and  kbe  eniiivent  tnlGoti  of  the 
HAtmtiomcr  who  has  supcri Blended  their  ii:ductLuB  and  discussion,  we  niaj  confidently  ex[>ect 
that  the  rcsiilfi  which  nave  been  obtained  by  means  of  them,  will  Imparl  greater  preokion 
Id  the  lunar  tables  tJian  any  others  of  a  nitniW  di:ir7ictcr  that  hare  ycl  been  aniTnl  at, 

g  Pmcip.  lib.  iii.  pmjp.  37,  Cor,  4, 

li   M4c.  CeL  JIt.  vL  chap,  xvi^ 
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to  iM  OMitre  of  gittvitj  of  the  eutH  aad  moon,  direin^e  most.  trom. 
Kow  the  KOtonmt   of  ibis  direK^geoice  depecda  on  the 
of  tbe  eaiib  and  moon  £n>iii  ibmr  common  centre  of  gnrit^, 
agVQ  depend  on  the  rol&tire  masses  of  the  two  bodies,    HeE»e^ 


dM  Tn^yimiim  raloe  of  the  inequalitir  is  datiatmizied  bj  observKtutQ,  ■ 
of  the.  eATth  is  4t  the  some  tim«  known^  th«  ittaaa  vf  tba  * 
known  bIsoi.    Now  Delambre  iuferredf  fro>n  n  gntt  tuunbat 
«f  oUwifftlJMis  cm  tbie  bud,  tibat  tbe  maximum  vslue  of  the  Itumr  cqtittUoia 
wm  yJi.     This  reaolt  gare  Laplace  ^^.^  for  tbe  value  of  the  moan's 

XW  third  method  which  Laplace  Bmplojed  for  determining  the  moon  s 
ana  »  mggesied  bj  the  inequality  of  liatatioo.  This  lueqiiaUtj  btitng 
dit  |»  Uia  aetioa  of  the  moon  on  the  terrestzial  spheroid,  it  ia  dear  thai  ft 
mnpumm  al  its  observed  itdue  with  the  formula  for  it,  famished  bjr 
iImsj,  will  lead  to  a,  knorwiedge  of  tha  tuoou's  tiia^.  Ljipltae  aaatim«d 
Ai  «ii*gi"mw%  valoB  of  nutation  to  be  9^^0,  ia  estimated  bjr  Haakeljne, 
ni  banco  inferred  that  the  mooa%  ma»  waa  equal  to  J^. 

Comparing  together  these  different  resulta  be  findlj  fixed  upon  j^,^  aa 
tin  mat  probable  value  of  the  mass. 

lira  researches  of  rooeeeding  astronomers  generally  lead  to  the  Cixur 
flhriuu  thai  tbe  real  value  of  the  mcK>n's  mass  is  some'vvhat  lesa  than 
At  fitiiiMitu  of  Laplace.  It  is  fortunate  Uiat  this  is  a  poittt»  in  which 
p«at  piatkiom  is  not  »Ued  for  by  tbe  existing  state  of  science. 


CHAPTER  XI. 


Tharj  of  ike  Perturbalioiu  of  the  Urger  PUneta. — Theoiy  of  Merruiry.— Enevclioii 
of  Le  Vemet.— Tbeory  of  Veoiuk — Detenniaalton  of  iti  Mam. —  Tlicotj  of  Uw 
EatL—.Solai'  Tables. —Deluntue. — Looif  Ibeqiultty  depeodiDg  on  the  Actkm  of' 
Tfna  farijTTrirH  tijr  Mi.  Aii^. — Tbeorj  of  Maia< — ^ETaluaiion  of  itt  >Iasfi,^ThfiOfjr 
of  Js|«lab — OlcitlatiiOD  of  Uie  Tcrnu  of  the  Long  iDnjuality  lufolvittg  tlie  Filili 
FMesof  tbe  Eccentricitki.— K€«evch«»  of  Plana. — Coircction  of  the  lalue  of  Ju- 
frtrr'i  MiMt — ^Tbeory  of  Saturo^^ Researches  relallvc  to  tlie  dctenuination  of  Us 
Jittk — ^Tbeorj  of  Unntu. — Its  ^uomaloiu  Irregukritiet^— Dbcovery  of  ui  Exterior 
IkaH  by  rnexBi  of  thenk-^Tbeor;  of  tbe  Smalkr  PlAnett. — iJuneo. — Lubbock. — ' 
I^am  of  ComeU'— Boearcbes  oti  the  Moiion  of  Encke'i  Comet.—.  Hypotbcus  of  « 
*1Wg1il>fl:  Blfiffiuou^FeJlurtwiioDS  of  Hallej'a  Comet  calculated. — >SatdJile£  of  Jupiter, 
Snantf  otA  Uranii*. — DeienniDation  of  the  Man  of  Saiurn'i  Rang',  bj  BeoeL — 
UbtilioB  of  tbe  Moofv.  — Nicollet.— Theory  of  the  Figure  of  the  Earth,— Reteiidiet 
dlvary  oa  tbe  Actnction  of  Elliptic  Spbero<<i8 — Exjyerimenta  with  the  Peiululum.'^ 
Km  Dowtj  of  the  Earth. — Motion  of  the  Eorih  about  its  Centre  of  Gravity. — 
taaoB. — Beiesrcbes  on  the  Tld«s, — QtciUatioos  ^  Ihe  Attooiphete.- Eiperitoenti 
of  CdIodcI  Sabine. 

m  the  methodic  devised  hj  the  mathematicians  of  tbe  last  centuiy 

purpose  of  computing  the  effects  uf  planetary  perturbation  verc  com- 

in  ao  far  as  the  more  important  bodies  of  the  system  were  concerned, 

ftill  remahied,  even  in  this  part  of  the  theory,  various  pointa  which 

'  $or  further  inveatigation.     The  massei  of  the  planets  in  fiotne  casea 

be  determined  upon  more  satisfactoty  principles 
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of  more  precise  data ;  while^  in  other  cases,  there  appeared  discordances 
in  the  results  obtained  hy  difTereiit  methods,  the  origia  of  which  it  was 
l'4esirable  to  oscertiiiii.  Peqjlexing  errors  also  began  to  creep  into  the 
tables  of  several  of  tlte  planets,  and  once  more  threatened  to  taroish  the 
fair  fame  of  the  Newtonian  theory.  It  is  gratifying  to  reflect  that  these 
anomalies,  one  by  one,  have  yielded  to  the  researches  of  the  geometer,  and 
tho  law  of  gravitation  still  retains  the  character  of  tiimplB  grandeur  by  which 
it  was  distinguished,  when  firat  announced  by  its  immortal  discuverer. 

The  planet  Mercury,  notwithstanding  itg  insignificance^  has  in  all  agoa 
given  more  trouble  to  astronomers  than  any  other  of  the  older  planets 
of  the  system.  Thia  lias  mainly  arisen  from  the  imperfect  character  of 
the  observations,  by  means  of  which  the  elements  of  its  motion  have 
been  determined;  for,  previous  to  the  invention  of  the  telescope,  it  could 
only  be  seen  a  little  before  or  after  sunset,  when  the  vapours  of  the 
horizon  rendered  it  difficult  to  aaeertain  its  pret-iso  place.  It  is  clear, 
.also,  that  the  magnitude  of  the  eccentricity  would  tend  to  aggravate  the 
l^Sect  of  any  error  in  the  position  of  the  oibit.  The  transits  of  th« 
planet  across  tlie  sun's  di:$k  atford  a  lavourable  means  of  testing  the  theory 
of  ita  motion,  and  serve  as  valuable  data  for  the  correction  of  the  ele- 
ments. The  earliest  transit  which  history  records  took  place  in  1031, 
A.D.  Kepler  had  predicted  the  phenomenon  hy  raL»atis  of  the  Ro- 
dolphiue  tabJeSf  and  Gassendi  had  the  good  fortune  to  witness  its  occur- 
rence. The  accordance!  between  theory  and  observation  wm  found  to  b« 
pretty  satisfiictorj,  but  it  may  be  considered  as  the  effect  of  a  fortuitoas 
combination  of  circumstances,  rather  than  tbo  result  of  well  established 
principles ;  for,  ftt  a  subsequent  period*  Hevelius  and  his  assistants  were 
compelled  to  remain  four  days  at  their  telescopes,  waiting  for  a  similar 
phenomenon.  Halley's  tables  of  the  planets  were  found  to  give  the 
times  of  the  transits  with  greater  precision  than  those  of  any  preceding 
astronomer,  hut  still  the  errors  frequently  amounted  to  several  hours. 
Lalande,  after  a  long  course  of  peraeveriug  efforts,  published  tables  of 
the  planet,  which  he  conceived  to  possess  all  desirable  accuracy.  In  the  year 
178(t,  a  transit,  calculated  by  means  of  them,  having  been  announced  to  take 
place,  the  day  appointed  for  the  occurrence  of  the  phenomenon  was  looked 
forward  to  with  great  interest  by  the  Parisian  Savaus.  "At  sunrise,"  says 
Dehvmbre,  "  it  rained ;  all  tho  aiitronomers  of  Paris  were  at  theli-  tele- 
scopes, but,  fatigued  with  waiting,  and  no  longer  retaining  any  hope,  they 
quitted  their  places  half  an  hour  after  tlie  time  announced  for  the  planet's 
egress  from  the  sun's  disk,  I  resolved  to  wait  till  the  moment  indi- 
cated by  Halley's  tabled ;  but  such  a  degree  of  perseverance  was  unnec 
cessary,  for  the  phenomenon  took  place  three  quarters  of  an  hour  later  than 
the  time  fixed  for  it  by  Lolonde,  aud  three  quarters  of  an  hour  earlier  then 
ithat  assigned  by  the  tables  of  the  English  astronomer,"  Lalande  was  ex- 
ceedingly annoyed  by  this  circumstance,  more  especially  as  he  had  previously 
denounced  a  transit  recorded  by  Wiug,  merely  on  the  ground  that  it  did 
not  conform  to  his  theory.  Nowise  daunted,  however,  he  resumed  his 
l-researches  on  tlie  planet,  and  finally  calculated  tables,  which,  if  not  as  satis- 
factory as  could  be  wished,  were  certainly  far  superior  in  accuracy  to  any 
that  had  hitherto  appeared.  The  Urst  improvement  which  they  received 
is  due  to  Lindenau,  who  published  new  tables  of  the  planet  in  161.*i.  His 
researches  were  founded  principally  on  17  recorded  transits,  H©  con* 
eluded  from  his  results  tliat  tho  motion  of  the  planet  could  not  he  suffi- 
ciently accounted  for,  witliout  assigning  a  considerable  increase  to  the 


Enastof  Venus-     In  1844,  Le  Verrier  institutetl  a  profound  examination 

iato  tlie  ihtorr  of  Mercunr.     He  calculated  all  the  terms  of  pertiiTbatiori 

wbich  coold.  sensibly  affect  the  motiou  of  the  planet,  and  then  emploTed 

them  in  the  fonnatton  of  preliminary  tables,  for  the  puqwse  of  obtaining 

corrections  of  the  elements.     His  researches  were  based  on  abovit  400 

meridional  observations  of  the  planet,  made  at  the  Royal  Obsen?atory  of 

Paris  during  the  present  century,  and  alw  on  a  considerable  numher  of 

^HtriQsits,  all  of  which  he  submitted  to  a  careful  dii^cussion  before  intro- 

^Byodng  ihem  into  the  equations  of  condition.     Having  in  this  manner  ob* 

^HteiQ«d  new  dements  of  the  planet,  and  ivlm  a  correction  for  the  mnss  of 

^VTenns,  he  constructed  tables,  which  were  found  to  represent  the  obsena- 

Xwas  with  wonderful  precision.     The  following  interesting  account  of  a 

Irwisit  which  had  been  previously  calculated  by  means  of  thorn  is  given 

bjMr  Mitchell,  of  the  Observatory  of  Cincinnati,  in  the  United  States: 

— ■'  Five  roinutea  before  the  computed  timo  of  the  contact,  I  took  my 

plucent  the  instrument;  tlie  beautiful  machinery  that  carries  the  telescope 

irith  the  sun  was  set  in  motion,  and  the  instrument  directed  to  that  port 

suns  di&k  at  which  it  was  anticipated  the  contact  would  talte  place. 

lliere  I  sat^  with  feelings  which  no  one  in  this  audience  can  rea 

It  WB3  my  first  effort;  all  had  been  done  by  myself.     After  remain 

bg  there  (br  what  seemed  to  be  long  hours.  1  inquired  of  my  assistant 

bow  much  longer  I  would  hare  to  wait ;  I  was  answered  four  minutes.     I 

kept  my  place  for  what  seemed  an  age.  and  again  inquired  as  before ;  he 

loid  me  that  but  one  minute  had  rolled  by.    It  seemed  as  if  Uroe  had  folded 

Itii  wings,  so  slowly  did  the  moments  crawl  on,     I  watched  on  until  I 

ir^  told  that  but  one  minute  remained,  and  within  sixteen  seconds  of  the 

time  I  had  the  almost  bewildering  gratification  of  seeing  the  planet  break 

lli«  contact,  and  slowly  move  on  tdl  it  buried  itself,  ii>und,  and  deep,  and 

lh«p  in  the  sun." 

The  foregoing  account  may  sen'O  to  give  the  general  reader  an  idea  of 

the  tceordance  existing  in  the  science  of  astronomy,  between  theory  and 

^datrvfttion,  even  under  circumstaTiccs  of  the  most  disadvantageous  cha- 

ftcter.    In  the  present  case,  this  accordance  reflected  the  highest  honour 

a  the  accuracy  of  Le  Verricrs  researches,  and  augured  favourably  for 

ihc  future  efilbrts  of  ihat  illustrious  geometer. 

As  Mercury  disturbs  the  motions  of  the  otlier  planets  only  in  a  very 

I  degree,  and  ajs  it  ia  moreover  unaccompanied  by  one  or  more  satel- 

Ktea,  it  has  been  found  very  difficult  to  ascertain  the  precise  value  of  its 

In  the  absence  of  more  satisfactoiy  methods,  this  element  has 

determined  by  assuming  the  densities  of  the  planets  to  vaiy  in  the 

ratio  of  their  mean  distances  from  tho  sun,  and  then  combining 

ity  of  the  planet  found  in  this  manner  with  its  volume,  ns  iudi- 

by  its  ftpparent  diameter.     By  this  means  astronomers  have  oh- 

T.?iJ^.T5»  ^'^^  ^^®  value  of  the  mass  of  the  planet,  the  sun  s  mass 

bdiig  represented  by  unity,     Encke,  however,  has  concluded  fnim  his  re- 

sauches  on  tlie  perturbations  of  the  comet  which  bears  his  name,  that  tho 

Qftat  of  Mercury  does  not  exceed  T.nri.Tn*-    ^^  Verrier.  ou.  the  other 

•taigns  7,Djjf?,^^n>*^  ^*  ^^^  most  probable  value  of  tlie  mass.     Mr, 

tmii].  again,  by  comparing  the  theory  of  the  planet  with  the  ob- 

ed  motion  of  Yenus's  perihelion,  estimates  tho  mass  at  j.ttf^.tjtt  "^* 

is  result  agrees  very  nearly  with.  Le  Vcrrier's,  but  it  must  be  admitted 


•  Pro.  AriT.  Soc,  Febraaty,  1842. 
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that  considerable  uncertainty  still  rests  iij[ion  this  point.  It  is  fortntiate 
tliat  tbe  very  circomstauce  which  renders  it.  so  difficult  to  ascertain  tbH 
masB  of  this  planet  irith  precision,  should  Edso  iu  a  great  measure  relieto 
the  astronomer  from  the  emliarmssment  of  an  erroneous  eraliiation. 

The  perturbations  of  Venus,  though  very  minnte,  are  more  considemble 
tlian  those  of  Mercury,  on  account  of  her  greater  prosimity  to  the  other 
planetg.  The  principal  disturbing  body  is  the  enrth,  but  even  in  tfaxB 
case  the  greatest  inequality  in  longitude  does  not  exceetl  10".  Laplcoe 
computed  the  terms  of  perturliation  as  far  as  the  third  powetis  of  the 
ecoentriciiies  and  incHnations,  bat  bo  neglected  thiose  of  Ivigher  orden, 
under  the  impression  that  they  were  too  minute  to  be  appreciable  by 
observation.  Mr.  Airy,  however,  has  discovered  among  the  terms  of  the 
Afdi  order  a  sensible  inequality,  depending  on  the  action  of  the  Earth. 
It  takes  240  years  to  pass  through  all  its  %'alues.  although  its  greatest 
magnitude  does  not  exceed  2."9.  We  shall  presently  hare  occasion  to 
mention  the  oircumstance  whi<:b  gave  rise  to  the  detection  of  this  interest- 
ing inequality. 

Htdlevs  (.iibles  of  Venus  were  those  which  were  held  in  most  esteem  by 
Rstronomers  throughout  the  last  century,  until  they  were  supplauited  bj 
those  of  Imlande  to\vard3  its  close.  In  1810,  Lindenau  published  tables 
founded  on  the  Greenwich  obsen-ations,  and  on  those  made  on  the 
continent  during  the  present  century.  They  are  the  tables  now  generally 
used  by  astronomers. 

The  mass  of  Venus  is  an  element  of  physical  astronomy,  ^hich  ha;^  oc- 
casioned much  research.  As  the  planet  is  unaccompanied  by  a  satellite, 
its  mass  can  only  be  determined  by  means  of  the  perturbations  it  pro- 
duces in  the  motions  of  the  other  bodies  of  the  spteni.  These,  Itow- 
ever,  are  so  very  small,  that  until  recent  times  no  dependence  could  be 
placed  on  the  rtii?ults  derivable  from  them.  Lagrange,  in  his  famous 
researches  on  the  planets  which  appeared  iu  the  Berlin  Memoirs  for 
1781-82-83,  determined  the  mass  of  Venus,  by  assuming  the  densities  of 
the  planets  to  ^-ary  in  the  inverse  ratio  of  their  mean  distances  from  the 
eaa.  In  this  manner  he  found  a  value  for  the  mass  of  the  planet,  which 
exceeded  the  value  of  the  earths  mass,  nearly  iu  the  proportion  of  tlu?<ee 
to  two.  This  will  mauifestly  result  from  his  hypotiiesis,  when  we  con- 
sider tliat  the  volumes  of  Venus  and  the  Em-th  are  netuly  equal,  and  that 
llie  mean  distance  of  tho  latter  from  the  sun,  exceeds  that  of  the  former 
nearly  in  the  proportion  of  three  to  two.  That  this  estimate,  however, 
greatly  exceeded  the  real  value,  vsm  evident  from  the  result  which  L«- 
grange  arrived  at,  relative  to  the  displacement  of  the  Earth's  orbit  by  the 
Action  of  the  other  planets.  In  this  case,  tho  principal  disturbing  bodies 
Ue  Jupiter  and  Venus,  and  as  the  mass  of  the  former  of  these  planete 
was  sufficiently  vrell  known,  it  was  clear  that  any  discordance  between 
theory  and  observation  ought  to  be  refeiTed  to  an  error  in  the  mass  of  the 
latter.  Lagrange  compoted  by  thooiy,  the  displacement  of  the  terrestrial 
orbit,  and  gbtained  Ol".(i  for  the  secular  diminution  of  the  obliquity  of 
the  ediptic ;  but  as  the  observations  of  astronomers  generally  gave  leas 
than  50"  as  the  real  value,  it  hence  followed  that  the  mass  of  Venus  ^ns 
too  great,  and  that  the  hypothesis  on  which  its  determination  was  founded 
was  erroneous.  Delambre,  while  engaged  in  the  construction  of  bis 
tables,  determined  the  mass  of  Venus  by  means  of  the  periodic  inei 
lilies  which  she  occasions  iu  the  Earth's  longitude.  Clairaut  had 
vioasly  sought  to  determine  the  mass  of  the  planet  by  this  method,  but 


^lid  BOt  for  bia  data  th«  •fcara.te  observaticms  of  Bradlef  and  Maske. 

ljB«,  nof  m*B  the  knowledge  relative  to  the  reduction  of  observations,  and 

^  mode  of  eoml>iDing  them  together,  sufQcientlj  advanced  in  his  daj.   It 

k  not  to  be  urondered  at^  then,  that  he  erred  in  his  estimation  of  the 

filanet  fl  mass,  nearij  as  mach  as  Lagrange  did  hj  a  less  legitimate  process, 

ttiing  made  it,  in  fact,  equ&l  onlj  to  tno-thirda  of  the  £anh  s  mass.    De- 

IfiiAr^,  nnder  superior  advanta^e^,  obtained  ^^^^^^^  for  the  mass  of  the 

llamt.     B^  a  cnrious  coiocideDce  this  result  agrees  almost  exactly  with 

the  moat  approved  evaluation  of  the  Earth's  mass  *.   Liddenau  concluded, 

£mn  his  researches  on  the  motion  of  Mercury,  that  the  mass  of  Venus 

MQ^emltily  exceeds  the  value  RSssigned   to  it  by  Delnmbre.     Burchardt, 

m  th#  ot!>er  hand,  hj  a  comparison  of  the  solar  tables  with  Maskelyne'a 

dnefvationi^.  vfas  induced  to  fix  die  mass  of  the  planet  at  ^j,^Vpj-  f.  '  Mr. 

Airy,  bjr  means  of  later  ohserrationa  at  Greenwich,  obtained  -xjii^rjy  ^'^^ 

the  Diasi  of  the  planet  J.     M.  Le  Terrier  whs  conducted  to  a  maJ58  equal 

^T9f\^^.t  by  bis  researches  on  the  motion  of  Mercury  §.     The&e  values 

Igl^  Ten*  nearly  with  each  other,  and  aluo  -with  the  value  assigned  by  the 

diioination  of  the  obliquity  of  the  ecltptie.     Mr.  Rotbtnan,  however,  has 

emcladed  from  the  motion  of  Mercury's  nodes,  that  the  mass  of  Venus  is 

tlleist  tqoAl  to  -n-^-^-jjjj'l     The  more  complete  developemoiit  of  the  &«' 

<Qkr  fwtations  of  ttje  planetary  orbits,  can  alone  lead  to  desirable  pte- 

etnon  ott  this  point. 

A  knowledge  wf  the  pertnrbstions  occasioned  in  the  motion  of  the  Earth 
hr  the  action  of  the  other  planets,  forms  an  indispensable  preliminary  to 
ctmstnictixtn  of  awrurate  solar  tables.  We  have  seen  that  Clairaut 
;  iarestlg&t^d  these  perturbations  by  the  application  of  his  solution  of 
— "M-m  of  three  bodies.  His  results  were  introduced  into  Lacaille's 
'  -.  which  continued  in  nse  among  astronomers  until  the  close  of 

liie  Mbi  cpntnry. 
One  of  the  first  steps  tak«n  by  the  French  Board  of  Loagitude,  after 
liUabment  in  ITflS,  was  to  procure  the  construction  of  new  tables 
I  sob.  moon,  and  planets.    In  pursuance  of  this  object  Delambre  in- 
'  rits  of  the  snlftT  orbit  by  means  of  the  observations  of 
«r.  ■  ine.  and  calculated  tables  which  were  first  published 

\}*(^.    The  iii;  .idM  T!--^  "f  the  equations  depending  on  perturbation  were 
cmed  from  La|l;i  <  -  ;li*.  rv.  but  the  coefficients  were  determined  by 
erwtioD.     Delambre  by  tbia  meam?  obtained  values  of  the  masses  of 
Mare,  and  the  Mocm.     In  1913,  Burcbardt,  mth  the  view  of  ob- 
corrections  of  ihesoler  elemetits,  compared  Deliunbre's  tables  with 
[iHifi  Greenwich  observations.     Ho  concluded  from  his  researches 
It  (he  epoch,  the  perigee,  and  ibe  eccentricity  required  slight  cort^c- 
i.     He  also  fonud  that  the  mass  of  Mars  should  be  diminished  by 
].  and  the  mass  of  Venus  by  Jjih**.     In  1^*27,  Mr.  Airy  compnred  the 
)les  with  86  ohservationa  of  Sir  James  South 'a,  and  concluded  that 
ch  and  the  perigee,  especially  the  latter,  ought  to  be  sensibly 
In  1828  he  discussed  liiOO  right  ascensions  of  the  sun,  ob- 

PnnlicSNilaiitt  in  tbe  third  lolumc  of  his  Th6orie  Aitafytifue  du  S^stime  du  Moftdtt 
.  ibe  value  of  the  earth's  tnaM. 
iBCC  de»  Temps,  ]8I6» 

f  CdnnatMaoce  det  Temp,  1847. 
f  Mem,  Aftr.  Soc,  vol.  xH. 

}Coimai><3nce  if«s  Temps,  1816  j  see  also  M/moirc*  de  flmtitui,  1S12. 
•  PbiL  Ttwi..,  18-27. 
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served  at  Greenwich  with  the  ne\r  transit  instrument  between  the 
181 1)  and  I82fl*.  The  corrections  he  ohtained  for  the  elementii  ai 
Tery  nearly  with  those  to  which  Burchardt  was  conducted.  Ho  a}%o 
for  the  masa  of  Venus  a  value  equal  to  Burchardt's.  but  he  concluded 
tbe  mass  of  Mars  should  be  diminished  in  the  proportion  of  2*2  to  19.' 
Delombre^  in  bis  tables,  had  fixed  the  coefficient  of  the  lunar  o^juation  at 
7". ft ;  Mr.  Airy,  by  a  method  of  great  elegance  and  simpliGily,  obtain^ 
a  correction  which  reduced  it  to  Q'^'A.  Having  discovered  a  stitie-i  of 
anomalies  in  the  mean  longitude,  be  was  led  tu  suspect  that  they  pro- 
ceeded fi'DDd  an  inequfdity  of  long  duration,  depending  on  the  disturbing 
action  of  some  of  the  planets.  It  finally  occurred  to  him  that  an  ia> 
equality  of  this  nature  is  occasioned  by  the  action  of  Venus,  and  ihmt  it 
might  possibly  be  of  such  magnitude  as  to  account  for  the  erroi^  of  tht 
tables.  Among  the  terras  of  the  disturbing  function  there  is  a  certain 
class  in  which  the  time  (under  the  symbols,  sine,  and  cosine)  is  multipti^ 
by  the  difference  between  thirteen  times  the  mean  motion  of  the  Earth, 
eight  times  tbe  mean  motion  of  Venus,  This  quantity  being  a  very  bi 
fraction,  Mr.  Airy  perceived  that  the  operation  of  two  successive  integrall 
woutd  introduce  very  minute  divisors  into  the  corresponding  terms  of  tllft 
longitude.  The  terms  in  other  respects  iire  very  small,  for  their  argmindiili 
indicate  them  to  be  only  of  the  fifth  order,  relative  to  tbe  eccentricities  sai 
inclinations.  It  became  then  a  matter  of  ciilcnlation  to  ascertain  whether 
the  increaae  which  they  acquired  by  double  integration  would  so  far  com- 
pensate for  their  extreme  minuteness,  as  to  give  rise  to  an  inequality  of 
senaible  ma^ixittide.  This  ai'duous  taslc  waa  performed  by  the  emJoetti 
geometer  above  mentioned,  and  the  results  obtained  by  him  entirely  ji 
tied  h'm  previous  suspicion.  He  found  that  the  terms  represented  an 
equality  in  the  Earth  s  longitude  equal  to  'i'^.Oi  ;  he  also  obtained  a  aioiilar 
inequality  for  Venus,  depending  upon  the  reciprocal  action  of  the  Karth. 
and  amounting  to  '^'^0.  The  period  in  each  case  extends  to  S40  yeari. 
These  inequalities  vani-^hed  in  174'j,  and  attained  their  maximum  vali 
in  1803,  Mr.  Airy  remarlts,  that  if  the  mean  motions  of  the  two  _" 
lu4l  been  derived  from  a  comparison  of  Drodley  s  observations,  with 
of  recent  years,  tbe  longitude  of  the  Earth  fit  the  time  of  the  neit  transit 
of  Venus  in  1814.  would  be  too  small  by  i",  and  that  of  Venus  too  greM 
by  0";  and  these  errors  would  occasion  a  derangement  in  the  geocentric 
longitude  of  the  latter  planet,  amounting  to  between  20"  and  30  '+.  Tbia 
inequality  is  exactly  similar  to  the  long  inequality  of  Jupiter  and  Saturti. 
but  the  labour  of  computing  it  is  vastly  greater.  We  must  admit  that 
its  detection  i-eflects  tbe  highest  honour  on  the  sagacity  of  Mr,  Airy, 
especially  when  wc  consider  the  very  minute  form  undur  which  it  appMred 
among  the  observations,  and  the  slowness  with  which  it  is  dcvclopea. 

The  eomparattve  magnitude  of  thi!$  inequality  shew:^  bow  unsafe  it  is  to 
Mtunote  the  jKirturlMitionN  of  a  planet  by  the  mcr«  onkr  of  the  iorma  re- 
rlstive  to  the  eccentricities  and  inclinaliaiiN.  In  the  theorv  of  Venus  Um 
greateii  inequality  among  the  terms  of  the  bccond  and  ttnrtl  ordori  di 
not  amount  to  1".4;  and  nil  the  inequalities  depending  on  the  tettti 
the  fourth  order  fall  below  O'M.  In  the  theory  of  tbo  Earth  the  omiI 
ia  Btitl  more  atriking.    The  greatest  inequiility  among  the  terms  of  tibft 


•   Plii!.  Tran*.,  182*. 
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I  equal  only  to  T'-OT :  and  iitl  thc^se  depending  on  the  terms 

d  fourth  orders  are  less  than  0"',!  '. 
The  researches  of  geometers  on  the  perturbations  of  Mars  have  not  led 
to  an  J  inlerestitig  results :  thej  form  a  sinking  contrast  in  this  respect 
viih  thoa«  memorable  'researches  in  conncxJon  with  the  game  planet  hy 
means  of  which  Kepler  was  condacted  to  bis  great  discoveries  relative  to 
tli«  fuadacaental  laws  of  the  motions  of  the  planeti  and  the  formes  of  their 
oriiits.  The  perturbations  prodaced  bj  this  planet  in  the  motions  of  the 
other  bodies  of  the  system  are  so  amall  as  to  lender  the  determination  of 
its  Biaits  fiEXOeedingly  difficult  Laplace  efifected  this  object  by  the  aid  of 
tke  fajrpolbelic  principle  that  the  densities  of  tho  planets  varv  in  the  in- 
Toii  ntio  of  their  mean  diatanceg  from  the  sun.  In  this  manner  he  ob- 
'*''*'^  T.fTs.irrr  ^^^  ^^  mass  of  the  planet'!',  Celambre,  hy  cornering 
Ijpltoe's  formula  of  the  Earth's  perturbations  with  the  solar  observationii 
«f  Bradley  nad  Maskelvue,  was  induced  to  fix  the  mass  at  t.^tI-tt?  ^' 
Bnfdiardt  fay  a  similar  pt-ocess  obtained  ^^,^^,^3^  ^  ^^  ^''*^  T«due*. 
Tbfl  accordance  between  these  results  is  suffiaentlj  satisfoctory ;  hut  Mr. 
ikf  has  inferred  from  his  researched}  on  the  solar  theory  that  Delambre's 
(MicBato  sbDuld  he  diminished  in  the  proportion  of  2*;^  to  15.  It  is  for- 
togate;  aa  in  the  case  of  Mercury,  that  the  disturhtng  effects  of  this 
iktet  are  so  insignifi^uit  as  to  dbpense  with  the  uecessaitj  of  eztreino 
KMuiaey. 

In  the  theoEj  of  Jupiter  the  most  important  point  is  the  long  ine- 
(imhty  depending  on  the  action  of  Saturn.  This  inequality  is  mainly 
cfRiiamed  among  the  terma  df  the  third  order  relative  to  the  eccen- 
tiicitiee  and  inclinations;  but  Laplace  suspected  tbiit  the  terms  iu- 
iDlrtiig  the  fifth  powers  of  the  eccentricities  might  aUo  be  sensiible. 
Boituffdt  performed  the  laborious  operation  of  cakutating  the*e  terras, 
l«t  unfortunately  he  applied  them  with  the  wrong  sign.  Laplace  soon 
liWWiU'ds  noticed  this  circumstance  in  a  aappletnent  to  the  third  volume 
d\i^M€caniqu4  Ceteile,  and  he  shewed  that,  when  it  waa  duly  taken  into 
anonni;  the  Uieory  would  present  a  moat  satisfactory  accordance  with  a 
aqmiction  of  Jupiter  nnd  Saturn  observed  by  Ibyn  Jounis.  at  Cairo, 
dwda  the  close  of  the  eleventh  century.  That  astronomer  has  assigned 
\iiV  aa  the  excess  of  Saturn's  geocentric  longitude  over  that  of  Jupiter 
Oh  like  3Ist  October,  1087,  at  10"  mean  time  of  Paris.  Now,  when  the 
^iuM  of  the  two  planets  were  calculated  by  theory  for  the  *jame  epoch 
^vfiooa  to  the  detection  of  E^urchardt'g  error,  the  excess  of  longitude  was 
ixiiid  to  amount  only  to  73 ft".  When  the  effect  of  that  error,  however, 
*u  Bcbaequeiitly  taken  into  account  by  Laplace,  the  same  quantity  ro^  to 
111"'''.  The  difference  li«tween  this  result  of  theory  and  the  recorded 
ocesa  of  longitude  amouutd  to  322"  or  5'  a^^",  a  quantity  which  fitllis 
(MadmUy  within    the    errors    of   the  observations  of   the  Arabian 


•  Hie.  CM.,  liv.  ti.  ehtf,  ix.  et  x. ;  Thuarie  And^tique  du  Syttdme  du  Monde,  liv. 
4ip,  lir.  ct  XT.  The  largest  inequalities  in  Vetiut  wad  the  Earth  dependmg  tin  tUo 
IdB  of  d«  tlttnl  orJcT  are  due  to  thu  disturbing  utton  of  Mefcury.  The  ret-iprocEil 
tefai  of  llwK  plaoeli  oceatioM  analogouii  tnequalitiei  in  the  motion  of  Mercury,  tlte 
— ^—^  tioet  of  VeaiB  atnaunting  to  S",  but  that  of  (he  Eulh  only  to  ff'.5. 

t  lUc  Cfi..  Uf.  Tl  ch«p.  vi,  \  Tables  du  Sakil,  1800. 

I  CSMaauaince  dea  Tcmpc,  1S16.  PontL-couUnt  attributes  thi»  value  to  Bc*gcl 
(tlitok  Amijltque  du  Sj^l^me  du  Monde,  tome  iii.  p.  ^46);  but  us  it  is  las  thim 
Ddiabre*!  exactly  by  |lh.  nhich  was  the  coircctlOD  obtained  by  Burdiaidt,  it  i*  cictif  tbttt 
>^oa||til  to  rekd  for  Bi^sscl'i  natnc  that  of  tb^  last-meal ioned  Attrongmeri 
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In  1834,  Plana  having  raised  an  oljiectiou  against  Laplace's 
on  the  part  of  tlio  long  fuaqutUitj  of  Jupiter  am)  Saturn  dependuig  oo  ^1 
Hijuare  of  ths  dJaturbiDg  force,  a  controvarsj  arosef  in  which  theae  tm 
geometers,  as  well  as  PoisBon  and  Pontccoulant,  took  part,  and  which  fin^Jsjl 
terminated  in  establishing  the  point  at  iHsue  in  a  mora  aatlsfaclory  statt*. 

The  most  important  improvement  which  the  theory  of  Jupitar  haf] 
received  in  recent  timoi^  consists  in  a  correction  of  tlie  value  of  hia 
This  element  may  be  determined  by  means  of  the  perturbations  whic 
planet  occasions  in  the  motions  of  the  other  bodies  of  the  eyatem.  Il 
also  bo  found  by  comparing  the  periodic  time  and  mean  distance  of  < 
the  satellitea  round  itA  primary  with  the  periodic  time  and  mean 
of  iho  planet  round  tho  sun.  Thiii  waa  the  method  which  Ne*t 
ployed  in  the  Principia.  Having  assumed  that  the  period  of  tha 
satetltte  amonnted  to  lO'^.GS^S,  and  its  greatest  heliocentric  d( 
to  8'  15".B5,  he  hence  concluded  that  the  mass  of  the  planet  wm 
TflVr*  *-^*  Ann's  mass  lieing  represented  by  unity f,  TliJa  valuo  wl 
by  Laplace  to  agree  very  nearly  wiUi  tlmt  derived  from  the  pertni 
of  Saturn,  and  ftus  introduced  by  him  In  to  the  calvnlations  of  the  Mi 
Viiette,  Astronomere,  however,  subsequently  discovered  tlmt  it  wa*i| 
concilealile  with  the  perturbationB  orcasioned  by  the  planets  in  th«j 
of  the  other  bodies  of  the  system.  In  iHQtl  Nicolai  concluded 
perturbationg  of  Jmio  ilmt  the  mass  of  Jupiter  was  eqnal  to  j^ 
About  the  same  time  Encko  obtained  7^^^  for  the  value  of  the  dm 
meaoB  of  the  perturbations  of  Vesta :  ^liile  his  researches  on  the  mot 
thA  comet  which  bears  his  name  assigned  t^^Vt  ^^  ^^^  ^^'^^  value. 
results,  agreeing  all  so  nearly  with  each  other,  derived  additional  cos 
ation  from  the  researches  of  (iauaa  on  the  perturbations  of  Palka. 
now  became  exceedingly  deaimble  to  verify  iJie  original  determination  of 
the  planet'^  mass  which  presented  an  con«'idertibl«  a  discordance  uith  thaMJ 
resultii.  The  observations  on  the  fourth  eatellite  which  formed  the  datAcll 
Newton's  investigation  were  made  by  his  contemporary,  Pond :  but 
could  hardly  be  expected  to  possess  tlie  acj^uracy  attainable  by  astrc 
in  the  present  day.  Mr  Airy,  suspecting  tbnt  the  discordance 
traced  to  an  error  in  Pond's  observations,  undertook  a  series  of 
ni0nta  of  the  elongations  of  the  fourth  satellite,  and  amiedal  a 
which  accorded  very  satisfactorily  with  tliat  derived  from  tho  perturl 
of  tha  smaller  planets.  The  mean  diatanca  of  tlie  aateUite  fr 
prisuutju  indicated  by  these  elongntions  assigned  mV  air  ■*  *^*® 
iha  planet,  Mr.  Airy  subsequently  undertook  n  more  extensive  eon 
Gbaervations  on  the  satelUtes,  and  derived  from  them  a  aimilai' 
BobmI  also  about  the  same  time  meiisured  ttie  elongations  of  tfa« 
Utw,  tnd  obtained  1x^4  tttt  ^'^''  ^^^  ^'^^'^  "^  ^^^  jdanet,  a  raauU  dii 
only  about  a  thousandtJi  part  from  Mr.  Aiiy  s.  Thus  a  aerioua  Mit 
perplexity  has  been  in  a  great  measure  removed  from  Physical  AatranMnrJ 
by  these  roseaiThcs,  for  the  maas  of  Jupiter  is  »o  caitsiderable  thit  ft  milil] 
error  in  its  value  might  occflaioR  a  very  a^em^lble  diacordance  betwvfn  tlial 
observed  and  calculated  porturlwtiona  of  bomo  of  the  plaiiota.  The  oitljrj 
difficulty  wliick  a  till  remaintc  in  oonnexion  with  iliia  question  ariaeis 
the  anomalous  reault  derived  from  tJio  pi^rtnrbationa  of  Saturn,  Boi 
having  by  this  means  obtained  ^(jUq  for  the  toIua  of  the  maw.     It 

*  M*ia.  Amt.  Sth;.,  vol.  ii.     In  lh«  ume  paper  I%nt  pointi  out  townd  «l}i«r  b»j 
■orunpiM  iniu  ttKirh  L«p]«oe  hid  fiillm  in  Ibe  MiiaMifm  C(k$te. 
f  Friiicl(t<,  liv.  ill.  |mi{h  viit,  car.  L 
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tie  hoped  that  Lhe  pliiuet  Neptune  will  be  found  to  der&njge  the  motion  of 
SRtam  to  «acb  an  ejLtent  as  to  account  for  tbe  errors  of  perturbation 
vliich  ariae  from  the  assumption  of  the  more  probable  value  of  Jupiter's 

theory  of  Safum  U  so  closely  linked  wiih  that  of  Jupiter,  that  any 
relative  to  the  perturbatious  of  one  of  the  plauota  are  genemlly 
»le  to  tliode  of  the  other.  The  masses  of  the  two  planets  have  aho  been 
^naitied  by  aimlUr  methods.  Newton  obtained  ^^iVr  ^^^  ^^^  i^aas  of 
by  a^aming  that  the  period  of  the  dxth  satellite  amounted  to 
,Q4&^/  and  its  greatest  elongation  to  d'A"*.  The  latter  quantity, 
i^ver.  oonsideraUly  exceeda  the  real  yalue..  and  therefore  the  results 
from  it  were  erroneous,  Laplace  anppoaed  the  elongation  to  be 
only  to  'i'  ^Q''.  and  hence  inferred  that  the  mass  of  the  planet  is 
eqaal  to  '^^\-  Bouvard  obtained  ^^^  for  the  value  of  the  mass  by 
means  of  tJb&  perturbations  of  Jupiter.  This  result  is  confirmed  by  the 
RMarnhes  of  Bessel,  who  has  been  conducted  to  a  mass  equal  to  .^^^^ 
^  a  careful  measurement  of  the  elongations  of  the  sixth  sateHite. 

Ifi  IBOH,  Bouvard  publiiiFhed  tables  of  Jupiter  and  Saturu,  but  they  were 
VMKk  found  to  be  vitiated  by  the  erroi^  in  the  theory  of  both  planets,  to 
which  allusion  has  already  been  mado.  This  defect  was  remedied  hy  the 
iMniOMner  juat  cited,  who  in  l^t^l  published  tables  of  the  planets 
idtpted  to  the  corrected  theory.  Mr.  Adams  has  recently  distiovered  an 
iuiDortagt  error  in  the  tabies  of  Batun].  While  engaged  iu  reeearchea 
motiuR  of  that  planet,  he  found  that  the  calculated  valuea  of  one  of 
-.  arms  of  the  perturbation  in  latitude  were  totally  irreconcileable  with 
tbe  formula  from  which  they  were  professedly  derived.  He  has  explained 
llie  probable  origin  of  thi^  discordance,  which  h  somewhat  curious  I, 

I  tttil  very  recently  the  tlieory  of  Uraouis  haa  occasioned  much  trouble 
to  astronomers.  Tables  of  the  planet  inere  publiahed  by  Delambre  in 
IJ'JfJ,  and  by  Buuvord  in  ISSl :  but.  notwithstwiding  tlie  care  and 
iLill  which  had  been  employed  in  their  conntmction  on  each  of  theee 
(icca%ioua,  it  was  found  that  they  fulled  to  represent  the  actual  motioik. 
lo^gftiBrities  were  indicated, by  the  observations,  which  conld  not  be 
MMatod  for  either  by  the  principles  of  elliptic  motion,  or  by  the  disturb- 
k^  tctJon  of  the  other  bodies  of  the  system.  Without  pursuing  this 
ititresting  sulgect  further  at  present,  we  shall  merely  state  that  these 
aomaloqa errors  in  the  motion  of  Uranus  have  led  to  the  discovery  a  priori 
of  A  mev  planet  exterior  to  it.  In  the  ensuing  chapter  we  ahall  give  a 
4aai]«d  Moonoit  of  tlio  circumstances  connected  with  this  remarkable 
Unll  flf  tliA  theory  of  gmvitation. 

Astm>om«rs  Imve  not  ret  arrived  at  a  suiTtdently  satisfactory  result 
nlativ*  to  the  naasa  of  Uranus.  Sir  ^Vjlliam  Iterschel  having  announced 
tliifc  llie  loQdli  eatellite  revolved  round  the  planet  in  m<'.4!^5{).  and  that 
in  gM«l«i4  heliocentric  elongation  was  equal  to  44'^23§,  Laplace  hence 
th«t  the  mass  of  the  planet  was  e£[ual  to  -nrlirtll-     Bouvard,  on 


*  Priiicip,,  !!t.  iiu  prop.  vili.  cor,  i.  f  M^c;.  Ceh,  li?*  vl,  chap,  vi, 

1  tW  prinnpil  terms  of  the  pcrfvirhatioo  in  IntUHdean* — 

l>'.67  «in.  (#-2^— eO'.29)  +  *^M9  sin.  (2^-4*'  +  66M2) 
$  ff  deoolB  th«  mem  unomatiet  of  Saturn  and  Jupiter,    tn  t«bu1«(in^  the  \ait  tenil, 
nra  ancon  to  have  eajplojred  f^-  2  ^  JLi^lcad  r>f '2  ^—4  ^',  co  that  the  tn-o  u<rinfl 
Mf  bo  HBtml  m  ■  ^fig!«  term,  n-prMent?d  bj  25 '.B5  &ia  (^-2  ^'  +  43  .@B^      Tbcs 
uteafalcd  valim  of  thi*  teriD  were  firand  by  Mr,  Aduos  to  agrac  very  cIqspIj'  witli  ttic  table. 
S  PfaiL  Tnai^  1788.  %  Mec.  C^h,  Itv,  vi,  cha;!.  vi. 
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the  otber  hand,  has  obtained  fy^fj^  for  the  value  of  the  mass  hy  means  of 
the  perturbations  produced  by  tlie  planet  in  the  motion  of  Saturn.     It  * 
to  be  hoped  that  the  researches  on  the  satellites,  in  which  M.  Otto  StrtU 
is  known  to  be  engaged  at  present,  ■will  lead  to  more  satisfiictorj*  rest 
relative  to  this  important  point  *. 

The  theory  of  the  smaller  planets  still  continues  in  a  very  imperfect 
state.  This  circumstance  is  attributable  to  the  magnitude  of  the  eceen- 
tricitiea  aiid  inclinations,  in  consequence  of  which  the  disturbing  fuuctiom 
converges  with  such  slowness  as  to  render  the  usual  niethoda  of  approximA- 
lion  generally  inapplioable.  The  only  one  of  the  ancient  planets  which 
benrs  any  analogy  in  this  respect  to  those  more  reciently  discovered  is 
Mercuty  ;  Imt  iu  this  case  the  disturbed  body  is  go  near  the  sun,  and  at 
the  same  time  so  remote  fmm  tbfl  larger  planets  of  the  system,  that  its 
perturbations  are  very  insignificaut,  and  a  small  number  of  the  terms  of 
the  disturbing  function  sufjice  for  the  calculation  of  all  the  iiieqnalities 
that  are  of  sensible  magnitude.  The  smaller  planets,  on  the  other  hand, 
all  revolve  in  the  region  comprised  between  the  orbits  of  Mars  and  Jupiter, 
and  ou  this  account  their  elliptic  motions*  are  veiy  umch  deranged  by 
the  powerful  action  of  the  latter  planet.  Attempts  have  frequently  been 
made  to  investigate  the  perturbations  of  these  hodioi*  by  the  u.'fual  methods 
of  approximation,  but  their  places  when  thus  determined  have  been  found 
very  soon  to  present  a  marked  discordance  with  those  indicated  by  aetual 
observation.  The  perturbations  of  Vesta,  Juno,  and  Ceres,  have  been  com- 
puted with  more  or  less  success  by  Daussy,  Santini,  Damois^eau,  and  other 
geometers ;  but  those  of  Pallas,  which  revolves  in  aa  orbit,  inclined  at  an 
ai^le  of  Sl°  tq  the  ecliptic,  have  deterred  even  the  most  persevering  analysts 
from  undertaking  their  complete  inveatigat-ion.  In  recent  times,  attention 
has  been  principally  directed  towards  the  algebraic  form  of  the  disturbing 
function,  with  the  view  of  devising  modes  of  development,  which  shall  be 
practicable  whatever  be  the  magnitude  of  the  eccentricities  and  inclina- 
tions. The  researches  of  Cauchy,  LiouviUe,  Le  Verricr,  Hansen,  and 
Lubbock,  in  connexion  with  this  subject,  have  resulted  in  various  ingenious 
processes  by  means  of  which  it  is  to  be  hoped  that  this  part  of  the  planetajy 
theory  will  soon  attain  a  degree  of  perfection,  oqual  to  tliat  which  is  »o 
oouspicuous,  when  the  question  relates  to  the  perturbations  of  the  larger 
bodies  of  the  system.  Lo  Verrier  has  applied  his  method  to  the  com- 
putation of  a  remarkable  inequality  in  tlie  mean  mrition  of  Pallaa,  occa- 
sioned by  the  disturbing  action  of  Jupiter.  This  inequality  depends  upon 
the  near  commensnraliility  of  tUo  mean  motions  of  Jupiter  mid  FaUaa, 
Eightfifn  times  the  tnemi  jfwftoii  of  Jupitvr,  minns  nfven  tintiS  the  mean 
motion  of  PaUa$,  forms  a  quantity  which  ninonnts  to  only  y^{,l\i  of  the 
mean  motion  of  the  kltor  planet.  Now,  as  this  quantity  appears  in  the 
disturbing  function  under  the  symbols  sine  and  cosine,  the  operation  of 
two  successive  integrations  will  introduce  ita  square  into  the  deuominatora 
of  the  corresponding  terms  of  the  longitude.  Tins  circumstance  may  caude 
the  term  ato  acquire  a  sensible  magnitude,  although  in  other  respects 
they  are  very  hiconsiderable,  being,  afcording  to  tho  theory  of  planetary 
perturbation,  only  of  the  eleveutL  order  with  respect  to  the  eccentricities 
Kn^  inclinations.  Le  Verrier  shewed  it  to  be  one  of  the  advantages  of  his 
method,  that  the  great  iuclination  of  the  disturbed  planet,  so  far  from 

*  Dr.  JLatnont,  of  Munich,  hy  o\><^niii^  the  elongations  of  the  satelliiCcs.  has  obtameda 
Tftluc  fur  itic  ma»  of  the  planet  cansiderabl;  leM  than  either  of  tfaooc  meDttoDcd  in  tlm 
tpit.     See  Mt'tn,  As(.  Sat\,  vol.  il. 
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►  barrier  to  hia  researches,  on  llie  contrary,  conctuced  to  their 
ion.  He  fauud  the  grratest  value  of  the  inequality  to  ainouiit 
to 896%  or  14'  56,"  and  its  period  (o  upwards  of  675  ye^rs.  This  in- 
iqaiUtY  is  manifeatlj  ^iiniJar  to  several  othej-g  of  long  duration,  to  wbich 
■t  bsTo  jtlrendr  had  occasion  to  allude,  but  it  differs  from  them  in  so  fares 
p&rticnlara  relative  to  it  arc  not  susceptible  of  being  tested  b;  obserra- 
1,  OQ  account  of  the  short  time  that  has  elapesed  eince  the  discovery  of 
■abmet.  As  it  was  de&irable  to  verify  the  calculations  of  Le  Verrier, 
i*WUicbj  determined  the  vahio  of  the  inequality  hy  a  method  of  his  oitn, 
nl  obtaiited  a  result  which  completely  accorded  with  that  of  the  original 
QMBVlif^r. 

TbA  i«M>arcbe3  on  the  perturbations  of  the  smaller  phmets  gave  rise  to 
m  ifiterestiug  discussaion  among  astronomers  respecting  the  essential 
nulgn  of  the  principle  of  gravitation.  In  IPStJ,  Kicolai  having  com- 
analytical  expressions  for  the  perturbations  of  Juno  by  Jupiter, 
observed  oppositions  of  the  platiet,  met  with  such  discordances 
liim  to  suppose  that  the  absolute  attraction  of  Jupiter  on  tho 
■nd  on  the  planet  were  unequal,  or,  iu  other  words,  that  the  total 
It  of  attnwtioii  ejtertcd  by  one  Iwdy  upon  another  depended  on  the 
^piitT  of  the  matter  contained  in  the  attracted  body,  as  well  m  upon  its 
qamtity.  This  doctrine,  being  at  variance  ivitb  the  fandamental  principle 
of  gnritation,  attracted  a  considerable  degree  of  attention  on  the  occasion 
of  its  iiist  announcement ;  but  the  bubsequeut  researches  of  atitron ornery 
hsve  s«rfed  to  shew  that  it  is  untenable,  Bessel,  for  this  purpose,  made  a 
fRBBt  ottGdber  of  experiments  with  peudulums,  composed  of  different  sub- 
8Qch  as  ivory,  glaf?s,  marble,  meteoric  stones,  Ac. ;  but  bo  wa.'i 
ta  dwoover  in  the  times  of  oscillation  any  indication  that  the  in- 
of  the  terrestrial  attraction  depended  on  tho  quality  of  the 
pmdoloiis  body. 

Th*  ihwnj  of  Comets  depends  on  the  solution  of  two  problems  of  capital 
iMpoctance.  Tho  one  relates  to  tlie  investigation  of  tho  species  of  conic 
leeaoDr  in  ivbSch  tho  comet  moves,  and  the  determination  of  the  elements 
«f  llie  orbit;  tho  other  relatesi  to  the  calculation  of  the  effects  produced  by 
tlw  diatorbing  action  of  the  planets.  Both  of  tlieae  problems  have  largely 
Meapied  the  attention  of  geometers,  from  tho  establishment  of  the  theoty 
ef  gravitation  by  Newton,  down  to  the  present  day.  The  first  solution  of 
the  problem  for  determining  the  orbit  of  a  comet,  by  means  of  observa- 
ItMts  on  its  motion,  was  given  by  Newton  in  the  Principifl.  Jt  tvaa 
fimnded  on  the  BUpposition,  that  the  species  of  conic  section,  described  by 
the  eomet.  is  a  parabtjla.  This  assumption  conduced  much  to  the  simplifi- 
Otksi  of  the  problem,  nor  did  it  entail  any  sensible  error  on  the  ultimate 
iwults,  when  the  eccentricity  of  the  orbit  is  very  great.  On  the  other 
hud.  tbe  eolation  was  defective,  inasmuch  as  it.assigacd  no  means  of 
Me«rtaitiing  the  value  of  the  mean  dii^lanco  in  the  rase  of  the  orbit  l>eing 
ntXij  elliptic.  This  element  could  only  be  detei-mincd  by  means  of  the 
ffeLuicm  between  it  and  the  periodic  time,  the  latter  being  deduced  from 
liM  tnterral  comprised  between  two  suecess^ive  nppeai-ancea  of  the  comet. 
Varkma  solutions  of  the  same  problems  have  been  given  by  geometers 
Miee  Newton's  time,  some  of  which  ate  independent  of  any  assumption 
wiih  r««pect  to  the  form  of  the  orbit.  The  most  celebrated  of  the  latter 
ckas  are  those  of  Laplace  and  Gauss. 

The  reseercbes  on  tho  peTturbationa  of  comets  offer  difficulties  pre- 
eself  fmatogoua  to  those  wViich  occur  iu  the  theory  of  the  smaller  planets 
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As  the  usual  soluduns  of  the  Problem  of  Three  Bodies  completely  fitll  in 
tliis  case,  the  effects  of  planetary  disturbance  are  computed  bj  the  method 
of  mechanical  quadratures.  We  have  already  uientiotied  that  Lagrange 
first  presented  this  niethdtd  in  a  srstemalic  forrn.  In  18L0,  Beasel 
published  his  &niou.s  researches  on  the  comet  of  1 807.  H@  eoncludod, 
irom  the  obserrations,  that  the  comet  moved  in  an  ellipse  of  great 
eccentricity.  In  computing  the  action  of  the  planets  on  it,  he  resolred 
the  diaturbiog  force  in  tie  directions  of  the  r&dius  vector,  of  a  perpen- 
dicular to  it,  and  a  perpendicular  to  the  plane  of  the  orbiL  He  then 
determined,  hj  the  method  of  quadratures,  the  values  of  the  eletaents 
for  every  tliirty  days  during  which  the  comot  was  within  the  sphere  uf 
planetary  influence.  He  asaigns  1543  years  as  the  mogt  probable  value 
of  the  periodic  time,  A  comet  which  appeared  in  1815  was  found  by 
Olbers  to  revolve  in  an  elliptic  orbit  with  a  period  of  about  7'^  years. 
The  perturbations  were  oomputed  by  Bessel,  whose  researches  on  the 
■abjeot  appeared  in  the  Berlin  Memoin  for  1813*.  Fresh  elements 
were  computed  for  every  25  days  during  which  the  comet  was  visible; 
for  every  year  from  1615  to  lB!l*i>  and  for  every  two  years  throughout  tlie 
remaining  part  of  the  orbit,  lie  has  fixed  the  9th  Fehniary,  1887,  aa 
the  time  of  the  next  return  to  perihelion.  In  1918,  a  comet  was  dis- 
coTcred  by  Puns,  the  observed  motion  of  which  could  not  b©  reeoneil«d 
with  the  supposition  of  a  parabolic  orbit.  M.  Aimgo  remarked  that 
ite  elements  bore  a  strong  resemblance  to  those  of  a  comet  which 
appeared  in  1805,  and  Olbers  about  the  same  time  was  led  in  a  similar 
manner  to  suspect  its  identity  with  a  cornet  which  appeared  in  1705. 
Encke  found  that  the  observations  might  all  be  satisfied  by  supposing 
the  comet  to  move  in  an  elliptic  orbit,  with  a  period  of  about  three  years 
and  a  lialf,  He  also  computed  the  perturbations,  taking  into  acoount  the 
action  of  all  the  planets,  with  the  exception  of  Uniuus  and  the  small 
bodies  revolving  between  the  orbits  of  Mars  and  Jupiter.  The  perturba- 
tions of  Mercury  were  computed  for  every  4  days ;  those  of  Venus  and 
the  Earth  for  every  12  days ;  and  those  of  Mars,  Jupjterj  and  Saturn  for 
every  36  days.  This  process  wag  continued  until  the  action  of  the 
planets  ceased  to  be  sensible,  after  which  the  motion  of  the  comet  vras 
referred  to  the  centre  of  gravity  of  the  sun  and  planetaf.  The  comet,  on 
the  occasion  of  its  perihelion  passage  in  18^3,  was  not  favourable  for 
obwtvatiou  in  the  northern  hemisphere,  but  it  was  seen  by  Rumker  at 
Paramattn  in  New  South  Wales.  A  comparison  of  the  earlier  with  the 
more  recent  observations  seemed  to  indicate  that  the  period  of  revolution 
was  continually  diminishing,  and  Encke  was  hence  led  to  suspect  tha 
eitifltence  of  a  resist) ug  medium.  The  perihelion  passage  of  18t25  was 
not  fevourable  for  deciding  so  delicate  a  question,  hut  that  of  1829  offered 
p«caliar  advantages  for  this  purpose.  In  order  lo  understand  this,  it  is 
necessary  to  remark  that  the  axis  of  the  comet  lies  almost  in  the 
plane  of  Jupiter's  motion,  and  that  the  aphelion  extends  very  nearly 
to  the  orbit  of  that  planet.  Hence  it  is  clear  that,  when  Jupiter  is  in  that 
pan  of  his  orbit  which  is  in  the  neighbourho<^)d  of  the  comet  a  aphelion, 
lie  will  very  much  disturb  the  motion  of  the  latter;  and,  if  sn  eiToneona 
value  be  assumed  fur  his  moss,  the  diiference  between  the  computed  and 
observed  places  of  the  comet  may  he  very  considerable,   even  inde- 

*  AiiT^  account  of  the  progirew  of  Ailroaoroy,  Britiih  Asftodation  Report  for  183S; 


le  eflTecta  wLich  might  be  produced  tij  a.  resisting  medium, 
teaoditian  was  nearly  fulfilled  dunug  the  comet's  reroltition  of  1810^ 
II,  Ob  whicJi  occasion  Encke,  having  computt^d  the  aciioa  of  Jupiter  ly 
B(m«f  the  ancient  value  of  his  mass,  found  that  the  «rror  in  tb^  timo 
tf  libOBimet'a  arrival  id  p^tilidiou  could  not  be  whoHj  acoutmted  for  hj 
tbi  mppoeiiion  of  A  resii^titig  TDedium.  He  now  invustigated  Hie  pertur- 
hODDiof  tlie  comet,  aasumitig  the  existence  of  a  resisting  medium,  aud 
■tnhing  an  iudetermiimte  error  to  Jupiter's  nnws.  Equating  then  the 
tSeAt  produced  hy  these  oaases  to  the  observed  errors  of  the  comet's 
aotuD,  he  obtnine^l  a  number  of  equations  of  cDnditiou^  the  subsequent 
dsieaision  of  wMcU  conducted  htm  to  a  most  aatisfactorj  coucluaion.  He 
MrlbttDd  Ibr  tHe  mass  of  the  pjauet  a  valuer  mhieh  ulntost  coincided  with 
tlMl  ^tmed   frozKk  the  perturlmtioiia  of  the  smaller  planets ;   and  this 

Sed  Tfdae,  combined  with  tho  hypothesis  of  a  reacting  mjedium, 
i  a  complete  explanation  of  the  errors  in  the  vorioufl  revolutions  of 
te  mneL  Comparing  together  the  ohscrved  and  computed  places  ^^M 
IkiM^boot  three  revolutions,  he  found  that  the  menn  error  of  a  single  ^^M 
|Imihis  only  IS". a,  whei-eHS,  bj  rejecting  the  hypotheeia  of  a  resisting  ^1 
UttmRt  the  error  rose  to  -211". d.  The  effect  of  the  reeistauee  is  to 
iltoteQ  the  time  i>f  eiv:'h  revuhilion  by  about  half  a  day. 

The  ductritie  of  a  resisitiiig  medium  has  ahvaya  been  a  favourite  subject 
(if  tpceuia^on  with  afetronometa  f  l^uton  no  occasion  has  it  been  etipported 
bf  md«Qce  of  such  a  plausible  character  aa  iu  the  example  above  cited. 
It  ii  nnaifeat,  honever,  that  more  extensive  itidicalions  of  such  a  medium 
tBKt  be  discovered  before  the*  problem  of  its  existence  can  be  con* 
tigered  «a  having  received  a  definitive  solution.  It  has  not  yet  affected 
tu  u.  «eo<^ibTe  c-xtent  any  of  the  olhor  celestial  bodies,  and,  until  such 
'»  Ibond  to  lake  place,  the  question  relative  to  it  must  remain  in 
•IkeyaDce. 

On  tho  *-i7ih  February,  I8t20,  M,  Biela,  an  Austrian  officet  residing  at 
Joeephttadt,  in  Bohemia,  discovered  iu  the  constellation  of  Aries  a  round 
MMailB  body,  which  appeared  to  him  to  be  a  comet.  Uia  suspicion  waa 
flnAnnad  by  a  re-^^xammstion  of  the  same  object  on  the  following  evening, 
«1mii  bt  feund  thfit,  during  the  period  that  had  elapsed  since  his  first  ob- 
MrvtUon  it  bad  advanced  about  a  degree  to  the  ea.^t  of  its  original  place. 
Tbi  «oniet  was  seen  on  the  Sith  March,  by  M,  Gambart,  at  MarBeiUcs; 
tody  on  the  J  Otii,  by  M.  Clausen,  at  Altona.  Its  elements,  when  calculated 
m  the  Kupposiiiou  of  the  orbit  being  m  parabola,  were  found  tu  resemble 
thsee  of  other  two  o«inpt«  which  appeared  in  1805  and  11 T^.  Gambart 
fDd  Claosent  therefore,  simultaneoualy  undertook  the  cdculatiou  of  elliptic 
dements,  and  obtained  results  wliich  not  only  agreed  with  each  other,  but 
■atisfied  the  observations  much  better  than  tlie  original  elements. 
e  metm  period  of  a  revolution  was  found  to  be  about  f>  J  years, 
M.  Damoiseau  computed  the  perturbations  which  the  elements  of  tliifl 
c«m«t  would  experience  during  the  revolution  of  18aO-Si,  and  he  found 
it  would  a^in  retnni  to  its  perihelion  on  the  QTth  November,  1833*. 
planets  whose  disturb ing  innuence  he  took  into  account  were  Saturn, 
r,  and  the  Earth,  lie  found  that  the  combined  action  of  these 
would  have  the  effect  of  retarding  the  comet'd  arrival  in  perihelion 
extent  of  0.664ft  daye.     Some  degree  of  alarm  avos  excited  by  the 

*  iUmeiff  A  tAcadimit  rfw  Science,  tome  viii.  j  ifcc  aUa  th«  Connaiatattu  da 
r«vifcrlBW. 
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aBDouneemetit  that  the  comet,  a  little  before  its  peribelion  passaig'e,  votaJd 
cross  the  plane  of  the  ecliptic  at  a  diatance  of  oaly  •30,000  miles  from  tlie 
Earth's  orbit,  and  near  the  phice  vhere  the  latter  would  then  be  tnovinff. 
The  results  of  exact  calculation  were  sufficient,  however,  to  dissipate  an 
feara  ou  this  point,  for  it  was  found  tbfit  the  comet  would  cross  the  ecliptic 
on  the  90th  October,  IBSii;  hut  tlmt  the  Earth  would  not  arrive  at  tlie 
same  place  until  the  30th  November.  This  cotnet  returned  agreeably  to 
prediction,  and  has  subsequently  renppenred  in  1839  and  1840,  On  tlio 
last-mentioned  occasion  it  jinderwent  a  siogular  tmnsformatton,  liaviog 
separated  into  two  distijiet  comets,  vthit-h  continued  to  travel  together  at 
a  mutual  distance  of  3'  or  4'  during  the  whole  period  of  Uieir  visibililj. 
Dae  of  those  objects  was  a  little  fainter  thtiii  the  other,  hut  each  of  ihem 
BKhibited  the  distinctive  features  of  a  comet.  The  tails  were  parallel  to 
each  other,  and  extended  in  a  direction  perpeudic^lar  to  the  Ihie  joining 
the  centres  of  the  nuclei.  This  extraordinary  change  in  the  conatitudoil 
of  the  comet  appears  to  have  taken  place  very  euddenly.  It  was  first  ob- 
served  in  Europe  on  the  15lh  of  January,  1840,  by  Mr.  Challis  of  Cam- 
bridge, and  M.  Wichmann  of  luenigfibei^i  hut  it  vtos  afterwards  founil 
that  it  had  been  seen  on  the  Idth  of  the  sarue  month  by  Lieut«oaat 
Maury,  at  the  Ohser\'atory  of  Washington,  in  the  United  States.  M. 
Plantamour  of  Geneva  determioed  the  elements  of  each  comet  by  obaer- 
valion,  and  then  computed  the  pertarbatioDa  occa-^ioned  by  the  Earth. 
Jupiter,  and  Mars.  The  nioliona  of  both  comets,  when  calculated  by  this 
process,  agreed  very  closely  with  their  obsened  motions  for  the  whole 
period  during  which  they  were  visible.  M.  Plantaraour  found  that  ibo 
absolute  distance  between  each  nucleus  was  constantly  the  same,  and  was 
equal  to  about  two-thirds  of  the  radius  of  the  lunar  orbit. 

I'he  QpproBchiug  return  of  Halley's  comet  in  1835  excited  a  lively  ia- 
tereat  in  tbe  scientific  world,  and  a  strong  desire  was  felt  that  the  pertur- 
bations of  its  elements  should  be  computed.  The  data  necessary  for  this 
purpose  are  the  elements  of  the  comet  corresponding  to  the  time  of  its 
perihelion  passage  in  1759.  These  are  readily  deducible  from  the  obser- 
vations of  tliat  year  with  the  exception  of  the  msjor  axis.  This  elemont 
may  be  determined  by  assumiug  as  the  major  axis  corresranding  to  the 
perihelion  of  1683  the  value  indicated  by  the  time  of  revolution  between 
168^i  and  1759,  supposing  the  comet  to  move  in  an  ellijise,  and  then 
applying  to  it  the  perturbations  it  would  suffer  fi-ora  the  action  of  the 
planets  during  the  same  period.  But  these  perturbations  cannot  be 
computed  without  a  knowledge  of  the  fundamental  values  of  the  otlier 
elements.  It  is  clear,  then,  that  in  order  to  obtain  a  complete  set  of 
data  for  calculating  the  perturbations  of  the  comet  relative  to  its  perihelion 
passage  in  18^5,  tbe  geometer  must  possess  a  knowledge  of  the  perihelion 
elements  for  IRBS.  In  the  Conuaissafice  dea  Ttwps  for  1810,  Burchardt 
has  given  the  elements  for  l(3S;2i  and  1759,  His  results  relative  to  168a 
are  founded  on  the  observations  of  Flamstead,  and  those  reklire  to  115fi 
on  the  obserratioDs  of  Messier. 

A  comparison  cf  the  three  revolutions  of  this  comet  comprised  between 
the  ycare  1531,  1007,  1G8:3,  and  17511,  affbitls  a  striking  indicadou  of  the 
powerful  perturhaUoiis  which  it  experiences  from  the  action  of  tlie  plan«ita. 
The  first  of  these  periods  includes  a7,Hll  days;  the  second  27,352  daya; 
and  the  third  27.037  days:  thus  the  Grst  exceeds  the  second  by  409  days, 
and  falls  short  of  the  third  by  ViQ  days.  It  was  clearly  impossible,  there- 
fore, to  arrive  at  any  accurate  conclusion  relative  to  the  next  return  of  the 


;  %y  means  of  these  data  alon^.  or  evexi  to  affirm  tJiat  the  rcTolution 
fltbtiqiienL  to  1750  would  be  longer  or  sborter  than  the  precediiig^  revolu- 
bOB.  In  181 JJ  the  Academy  of  Turin  proposed  as  the  subject  of  a  prUe. 
tk«  patmhaiious  of  Haley's  comet.  The  prize  was  awarded  to  Damoi- 
MB^  liboae  inTestigaiion  was  subsequently  published  in  the  Turin  Me- 
Mtint  for  IdlT.  He  Ltetermined  the  value  of  the  major  axlSf  at  the  time 
dfila  perihelion  passage  in  17&fl,  by  computing  the  action  of  the  planets 
nit  UtfOQghout  the  prec^dtng^  revolution.  Setting  out,  then,  from  the 
(doiplete  elements  of  1750,  he  computed  the  alterarioos  they  would  suffer 
tlma^btNit  tbe  time  which  vcould  elapse  until  the  comet  would  ugain 
uxire  in  peiihelion.  The  method  he  employed  in  his  researches  is 
fanoded  <m  tbe  variation  of  elements,  nnd  coincides  essentially  with  that 
aptained  bj  Lagrange  m  1780.  He  did  uot,  however,  adopt  the  mode 
rfptooeedix^  suggested  by  that  geometer  for  the  superior  part  of  the 
aia,  pvefeiring  to  execute  the  whole  of  the  calculations  by  the  safer 
thoogli  awre  laborious  process  of  lueclmnical  quadratures.  In  computing 
tki  ptnorbRtion^  of  the  major  axis  from  1083  to  1750,  he  changed  the 
ilMBCiita  only  once,  but,  in  performing  a  similar  operation  upon  all  the 
rinmmtfi  tbronghout  the  revolution  subsequent  to  1750,  he  used  the  cor- 
mM  elements  at  erery  30"  of  eccentric  Bnomaly.  The  planets  whogo 
aetioci  be  took  into  account  in  his  original  memoir  wore  Jupiter,  Saturn, 
ad  Uranus  *,  and  his  final  result  relative  to  the  time  of  return  was,  thai 
tiw  comet  would  pass  its  perihelion  on  the  16th  November,  18D5.  Dis- 
arv«riiig  on  *  stibsequem  occasion  that  the  Earth  would  exercise  a  sensible 
diiUifbaxiee  on  tho  comet  after  it  had  passed  ita  perihehon  iu  1759,  ho 

ited  tbft  derangement  arising  from  this  cautie,  and  found  that  it 
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Id  l»te  the  effect  of  shortening  the  nejit  revolution  to  the  extent  of 
H  dajB,  Hence,  according  to  hiM  previous  concluaion,  the  pas^ge  of  the 
ptdbebon  would  take  place  on  the  ith  November. 

TTw  researches  of  Encke  having  rendered  probable  the  existence  of  a 
JtsistiBg  medium,  the  return  of  HaUe^'s  comet  was  auxiously  looked 
fbnrard  to  by  astronomers,  under  the  impression  that  it  would  throw  gomo 
li^t  upon  this  interesting  question.  It  wag  principally  with  this  object 
ia  new  ibat  the  Academy  of  &.'iences  of  Pans  proposed  the  perturb&tiona 
of  Halley'a  comet  as  the  subject  of  a  priise.  After  twice  offering  tha 
frite  vithout  obtaining  any  competitors,  the  Academy  finally  awarded  it, 
b  I8M»  to  M.  Pontecoulant.  The  details  of  this  geometer's  researches 
fere  published  ui  tlte  sLicth  volume  of  the  Memoirea  dca  Saratis  Eirantferi, 
He  Bsnamed,  aa  the  basis  of  his  calculations,  the  elements  of  Burchardt 
br  1062  and  1750.  and  coropulfd  the  perturbations  by  a  process  similar 
to  Hbai  employed  by  Damoiaeau-  He  found  that  the  comet  would  pass  ita 
ptfihetion  on  the  7t!i  of  November,  1835.  In  the  Connais^atice  dea  Tempi 
for  1837  *  he  corrected  this  result  by  taking  into  account  the  action  of 
the  Earth  before  the  perihelion  passage  of  1750,  and  by  employing,  instead 
of  BoavHTd's  value  of  Jupiter's  mass,  that  which  Nicolai  had  recently 
i«diK»d  from  the  perturbations  of  Juno.     His  final  conclusion  was  that 

tlweomet  would  pass  its  perihelion  on  the  raoniing  of  tho  14th  of  No- 

itmber,  18;J5. 
The  perturbations  of  Halley's  comet  formed  also  the  subject  of  pro- 

fottod  m?«»tig|itions  by  Lehmann  and  Emenhcrgerj  two  German  matho- 
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matici&tis  of  great  eminence.  The  researches  of  Rosenherger  wore 
completa  than  those  of  aay  of  his  contemporaxies.  He  determiaed  thif 
elements  of  iQB'i  atid  1750  by  an  able  discussion  of  all  the  obs^vationfj 
that  were  in  each  cose  available  to  lum.  He  also  computed  the  perturbi^ 
lions  occQ£iianed  bj  Mereutj,  Venus  and  Mars,  as  well  aa  those  due  to  (hM 
larger  plaueta  of  the  ny§tem>  1 

It  'was  announced  by  astronomers  that  the  oomet,  if  risible  at  all  to  th*( 
naked  eye,  would  be  so  about  the  middle  of  October,  when  it  attained  itfl| 
nearest  difttaiice  to  the  Earth.  The  event  fully  justified  this  prediction.  On* 
the  eveuing  of  the  5th  of  August  the  comet  was  seen  for  the  first  time.  All 
the  Observatory  of  Home.  It  gradually  increased  in  brilliancy  until  it, 
finally  was  visible  to  the  naked  eye  in  the  beginning  of  Octol 
By  the  1 3th  of  that  mouth  it  appeared  like  a  star  of  the  s« 
raagnituder  and  wag  acconipanied  by  a  tail  seven  or  eight  dc 
long.  It  soon  afterwards!  plunged  into  the  rays  of  the  sun, 
ceased  to  be  visible ;  but  it  was  agaiu  discovered  by  a«tronomers 
ill  the  following  year,  after  passing  ita  perihelion.  On  account  of  il 
southern  declination,  its  reappearance  was  not  favourahle  for  ob8<*TTatioii  I 
in  Europe,  but  it  was  seen  to  great  advantage  at  the  Cape  of  Good  H< 
by  Mr.  Maclcar,  the  Astronomer  Royal  for  ttiat  statioa,  and  also 
John  Horschel,  who  was  then  engaged  in  prosecuting  his  sidereal  ol 
tions  in  the  southern  hemisphere.  These  asti-onomers  cuu tinned  I*" 
observe  it  until  the  5lhof  May,  1836,  when  it  finally  ceased  to  be  visible  ♦. 

The  various  calculations  which  have  been  uudortokens  for  the  purpose  of  | 
determining  the  elements  of  tliis  famous  comet  by  means  of  the  obserrft*  t 
tions  mad@  an  the  occasion  of  its  last  appearance,  generally  eoneur  in  i 
assigning  noon  of  the  ITth  of  November  as  the  instant  of  the  perihelion  i 
passage.     This  result  presents  a  very  satisfactory  agreement  with  that 
wKich  we  ha\e  seen  that  Pontecoalant  arrived  at  by  the  aid  of  theory. 
Having  subsequently  revised  his  calculations,  this  geometer  rendered  the 
accordauce  still  more  complete.     By  employing  impmvcd  values  of  tha 
massofi  of  the  perturbing  planets,  he  found  that  the  passage  of  the  peribe< 
lion  would  take  place  at  noon  on  the  1 0th  of  November  t.  I 

It  must  be  ackowledged  that  Ilosenberger's  result  did  not  coincide  m  I 
closely  ivith  that  dei'ived  from  observation,  nobwilhMtanding  the  elaborate  ' 
character  of  bia  researches.  In  consequence  of  the  errora  which  in- 
evitably affect  all  observations  in  a  greater  or  leas  degree,  and  tlie  «n<'er* 
tainty  which  osista  respecting  tho  real  values  of  the  masses  of  the  planets, 
it  is  not  to  be  expected  that  an  error  of  a  few  doys  may  not  occur  in  tho 
calculated  time  of  the  comet  s  return.  The  fidelity  with  which  it  responded 
to  tho  deductions  of  tlie  geometer  on  the  occasion  of  ita  lost  appearance 
forms  one  of  the  many  nmgmficent  triumphs  which  adorn  the  hialory  of  the 
Theory  of  Gravitation  J.  *  I 

"  Some  intemiitid^  p^iculara  relative  to  tiie  [}hyAical  ch«ngc&  wtiicli  thia  comet  utider-  1 
wvnti  during  the  period  of  iu  visibility,  arc  contained  in  Sir  Jottii  HerechKl't  AecvmU  ^1 
Attr^nantical  OfsitenxUtonn  td  tfic  Vupe  of  Oaorl  Uopt, 

t  See  the  CoHitaiaa.nci  dtt  Tempi  fur  1838.  In  tKia  fltial  revisal  of  his  reaouc^J 
Pont^outint  euvpluycd  the  mauea  of  Saturti,  Jupiterj  tuid  the  Earth,  aaaflngited  I  ~ 

by  Airv,  Besstt,  ind  Eaeke. 

(  The  following  ■latfimeiit  of  the  eleciM^ttts  nf  (he  comet,  derived  from  tb«  > 
of  1759  and  183^  and  Ihc  eletnents  for  J 635  ua  assipied  by  llic  theory  of  i^rtWtBtSaDj 
will  at  once  indicate  the  magrntude  of  the  perturbatiods  ntiich  the  inotioa  of  tbe 
ejperienoei,  and  the  accuracy  with  which  they  hvtt  been  computed : — 
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Oo  th«  S2iid  df  November.  IH'^,  M.  F«Te,  of  At  Rojal 
Puw,  discovered  a  comet,  the  motion  of  whkii  MyM  mt  kt 
vitb  parabolic  elements.  Dr.  Goldfimicht,  a  0«nHa  lilraBoaMr,  ■hortfy 
i^tmnrdfl  found  that  the  observatioDS  uiigtit  b«  Mtiiied  to  ■>Byoii>f  lh« 
corD<?t  to  moxe  in  an  ellipse  with  a  period  of  aboot  T|  ream.  L9  Ytnim 
luu  calculated  tbe  perturbations  of  this  coiset,  Ukd  haa  fiaed  tt«  4&  af 
Apnl.  IH51,  a«  the  time  whet)  it  will  retwrn  to  its  fi«rik»inii.  Bt  bvi 
tiuU  the  acUoD  of  the  pta&et^  would  retard  its  arriTM  T.67  dmjn, 

Wd  bftte  alltided  on  a  former  occasinn  Ui  the  oocnet  at  1170,  gaoMaBy 
kiQfwn  aa  Le^eU's  oomet,  which  waa  rendcRd  tiaiUa  I7  Ika  aaliQa  of 
Jipitar  in  If 07,  and  was  giibseqtientlj  ihrran  into  >tt  adit  ol  latgar 
nnd  rendered  invisible  hj  the  actiaai  tif  tha  mb*  plaoat  la 
Jiscorery  of  a  rtevr  eomet  rerolrjag  in  in  dlulie  oiWt  iiiiailj 
eqiul  Hi  mn^ititude  to  the  orbit  of  LeteU'a  eamei,  «wf  eenf^rttg  tkii 
nse  re^n  of  the  heavens  with  it,  iDdoeed  «iiiia  tatzuiUMn  tft  wmfmt 
llMt  ibe  two  bodiea  were  identical.  M.  Yait  of  MandDaa  ip^CMl  Ift 
IWTe  first  advancc^d  this  hjpothesis.  He  nemariied  that,  hf  nppMiag  ft 
iili|][bt  increitse  in  the  period  of  Faje's  comet,  it  would  hare  mgfgoidbtA 
frm  ti^ftr  tt-i  Jiipicvr  in  tlit>  year  1^15,  and  would  hare  been  «  yammHMf 
tlmt  li  it  had  been  preriooslj  raTelriqg  ui 
:..  :  -i'jiMi  it  would  have  been  thrown  bj  tbeaettMl  of 
met  into  the  sma)!  ellipse  in  which  it  in  now  monring.  CoiaMMiMF 
...L  ihi!  effect  produced  on  I^xeli's  comet  br  the  artioa  of  fiipif^  In 
IT7v>,  he  found  by  means  of  Burcbardt's  data  that  ihe  new  rlii^at  iMt 
~y-h  the  comet  vnk&  then  tiitowa  would  hare  a  period  of  ratbet  mofi  tii*« 
I  vear^.  Uenr-e,  when  the  comet  had  made  a  tittle  mote  Umb  l«o 
ifT.ijutioiM,  it  Mould  have  again  arrived  in  a  poeition  feramalito  tPC  ihft 
■dioD  of  Jupiter,  and  would  be  tlirowti  into  the  smaller  Offcil  in  «Udl  il 
va  moring  previous  to  1770.  Cumpaiing  the  elementa  of  tbit  Mlilt  ^vjtjb 
limm  c^  tlie  orbit  in  which  Favt^'s  comet  moved,  be  eoncigftd  t^  1^9 
mombtance  waa  so  struug  as  to  justifj  the  condu&toti  th«t  the  two  Otlili 
referred  If  the  '»am<!'  comrt,  the  one  being  periodicalJj  coavfiitiHft  imgi 
the  of  1  !  of  Jupiter.     This  idea  nia  bo  ham 

DOve)  11         .  <  «itirt^  und  plausible ;  bat,  aa  it  Rs|*d 

mtrvlj  <Hi  a  rough  estinrntd  i>f  .[iijiir<  iico  dnring  the  ptiiad  eWR- 

praed  tM9tw«ea  the  actual  Bp[>earanc<      '  two  comets,  it  eo«M  M»t  to 
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recognisccl  as  an  established  truth  in  ]ihysical  ostronomr.    Tlie  sntgec 
was  one  well  adapted  to  the  searching  powers  of  a  Laplace  or  a  Poisson, , 
and  m  their  cotuitrymftn,  M.  Lo  Verrier,  ftatronomy  found  on  the  preseat 
occasion  ft  worthy  representative   of  these  illustrious  geometere.      The 
mode  of  proc€eding  which  Le  ^'e^rie^  proposed  to  adopt  jn  this  inqaity 
was  iir&t  to  detemiine  the  effect  produced  by  Jupiter  on  Lexells  cornet,' 
from  its  discovery  in  1770  until  the  action  of  the  planet  ceased  to  be" 
eensible,  and  then  to  trace  hack  the  elements  of  Faye's  comet  through  the 
various  revolutioua  corapriaed  hetween  the  appearauce  of  that  body  in  iS4J, 
and  the  epo«h  down  to  which  he  had  conducted  his  researches  on  L^^ceirK 
comet.     If  the  ultimate  elements  of  Fayo's  comet,  when  thus  detemuTicd, , 
were  found  to  coincide  with  those  of  LexcH's  for  the  same  epoch,  it  might 
then  he  concluded  that  the  two  comets  were  identical ;  but  on  the  other 
hand,  if  they  exhibited  discordances  which  could  not  he  accounted  for  by 
any  admissible  supposition  of  errors,  whether  of  observation  or  calculation, ' 
it  must  necessarily  follow  that  the  comets  were  two  distinct  bodies.     Le  i 
Verrier  found  that  the  ultimate  roaul is  would  he  very  much  aflfecteJ  by  J 
the  errors  in  the  originnl  elements  of  both  comets,  for  the  effects  of  tbes« 
errors  coulitiually  increased  with  the  lapse  of  time,  insomuch  that  in  some  * 
instances  a  very  small  variation  of  the  fundamental  elements  would  lio 
suflScieiit  to  alter  entirely  the  character  of  Jupiter's  influence.     The  ia- 
vestifiatiou  was  therefore  nmch  more  complicated  and  the  concJusions  l«8i 
definite  than  might  have  been  expected  if  the  data  had  been  more  precise-. 
Le  Verrier  having  submitted  to  a  careful  discussion  the  observations  of 
1770  on  LexelVs  comet,  determined  by  raeajfs  of  them  the  elements  of' 
the  orbit,  and  then  investigated  the  action  of  Jupiter  on  the  comet.     He 
found  that,  when  the  latter  arrived  within  the  sphere  of  the  planet's  in* 
fluence,  it  was  conipclled  to  deviate  from  its  elliptic  orbit,  and  described 
an  hyperholu  round  the  planet.     The  errors  of  the  elements  might  even 
be  Buch  that,  after  the  action  of  the  planet  ceased  to  be  sensible,  the  comet 
would  still  continue  to  move  in  an  hyberbola,  and  in  that  case  would  never 
again  retuni  to  the  solar  system.     J^e  Verrier  computed  the  elements  of 
the  comet  for  the  time  when  it  quitted  the  sphere  of  Jupiter's  inflnet)06i 
and  then  compared  the  results  with  the  elements  of  Faye's  comet,  tbs 
latter  being  traced  up  to  the  saDie  epoch  tluTJugh  the  various  revolutions 
anterior  to  its  appearance  in  1843.     He  found  that,  upon  any  possible 
supposition  of  the  errors  of  observation,  the  elements  of  Faye's  comet  could 
not  be  reconciled  with  those  of  Lexell's,  and  he  therefore  came  to  the 
conclusion  that  they  were  two  distinct  bodies. 

It  is  possible  that  Fayo's  comet  may  have  originally  emerged  from  the 
lx>turtdless  regions  of  space  describing  a  parabola  or  hyperbola  having  the  j 
Buu  in  the  focus,  hut  that  on  its  arrival  within  the  sphere  of  Jupiter's  in-  j 
Hueuce  it  was  thrown  into  a  new  orbit  by  the  powerful  action  of  that 
planet,  and  was  permanently  tixed  in  the  sotar  system.     If  the  funds- 1 
mental  elements  of  the  comet  were  mathematically  accurate,  tins  qnestioti  \ 
might  be  decided,  at  least  for  any  detenninato  period,  by  tracing  back  the  l 
extract  through  the  various  revolution."?   anterior  to  1843.     The  errors. ' 
however,  with  which  the  elements  are  affected  by  the  inevitable  errors  of 
observation,  impart  so  indeterminate  a  character  to  the  results,  that,  eveti; 
if  the  comet  had  been  so  introduced  into  the  solar  system,  it  would  have 
been  impossible  to  ascertain  the  esact  time  when  this  event  happeotd. 
But  although  the  question  does  not  admit  of  a  definitive  solution,  on 
account  of  the  circumstance  to  which  we  have  just  alluded,  still  it  in  pes- 
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liUa  td  Assign  tlie  mioiiDtim  time  duriiig  whkili  the  comet  lias  lioen  re- 
voItiii^  witbiii  die  Umita  of  the  solar  system.  Le  Verrier  found  that  it 
most  bftve  been  introduced  iuto  die  system  at  least  as  early  ob  the  year 
1747 ;  whence  it  fallowed  tlmt  it  had  made  at  least  thirteen  revolutions 
JB  to  elliptic  orbit  previous  to  its  discovery. 

Tlie  interest  excited  by  the  periodic  comet  of  1813  had  only  abated  in  a 
anall  djegree  when  the  solar  system  waa  enriched  by  another  discovery 
AlllaauDe  cla&s.     On  tli6  QOth  of  August,  1841,  De  Vico,  the  director 
■C  the  Obserratory  at  Itome,  discovered  a  comet,  which  was  soon  after- 
vn^&Kmd  by  M,  Faye  to  revolve  in  an  ellipse  witli  a  period  of  about  five 
jmrt  ind  a  balf.     MM*  I.riiugier  and  Mauvais,  of  the  Royal  Observatory  of 
Fttim,  inatiluted  a  comparison  between  the  elements  of  this  c^miet  and  those 
«f  OMobMrved  in  1585  by  Tycho  Brahe  and  Eothmaim.     Halley  had  cal- 
cohled  the  elements  of  the  List-mentioned  comet  on  the  supposition  that 
itteralved  in  a  parabola,  but  tlie  French  astronomers  shewed  that  the 
■ocion  might  be  satisfied  Letter  by  an  elliptic  orbii  with  a  period  of  iive 
yti»*od  two  months.     Fivm  the  close  resemblttuco  which  the  elements 
ti  due  comet  l>ore  to  tho^e  of  tho  comet  of  1844,  liIM,  Lauder  and 
lEBnaifl  concluded  that  the  two  bodies  were  identical,  the  actu»l  dis- 
csnluiees  of  the  elements  being aacril>ed  Ly  them  to  the  efrect«$  of  planetary 
(ertartsaiicm.     The  grounds  upon  which  this  conclusion  rested  were  indeed 
leiy  plaasible,  fop  the  eccentricities  of  both  orbits  were  almost  the  same, 
ike  pftaees  of  the  perihelia  did  not  diflier  more  tlinn  SO",  and  the  distance 
ttWtiP   the   nodes   was   only  Q'^".     It  is  rnanifest.  however,  that  the 
ijwrtifr  oould  only  Le  established  beyond  all  douLt  by  a  comparison  of 
At   eteipents   of    both   comets  'vrhen   rigorously  determined   for  some 
**TO«Br"  epoch.     Le  Verrier  investigated  the   eubject   by  tracing  back 
tbe  eocMt  of   16^44  through  the  anterior  revolutions  up  to  1585,  and 
eompAring  the  elements  for  that  epoch  with  those  of  the  recorded 
The  results  at  which  he  arrived  shesv  huw  unsafe  it  is  in  rescarcbea 
tf  das  -DAiure  to  adopt  any  conclusion  which  is  not  verified  by  rigorous 
nlmlilinn      A^  vt-e  have  mentioned  already,  the  distance  between  the 
jMMllifiTiii  of  the  comets  observed  in  1814  iind  1585  wns  only  SO'*,  and  it 
m  iwoiiably  enough  aupposed  tJmt  this  displacement  might  have  been 
pndnced  by  the  action  of  the  planets.     Le  Verrier,  however,  found  that, 
lAea  Uie  orbit  of  the  comet  of  1844  was  traced  back,  the  periheliou, 
iimod  of  Approach JDg  townnU  that  of  the  comet  of  15 &5,  on  the  contrary 
needed;  further  and  further /rom  it,  insomuch  that,  at  the  epoch  of  158&, 
ih*  perihelia  of  the  two  cumeta  were  diametrically  opposite  to  each  other. 
The  modeK  alao  of  the  comet  of  1844  continually  receded  from  those  of  the 
«HDfet  of  1585,  so  tluit,  in  order  to  coincide  with  the  latter  at  the  e|)0ch  of 
MOipenson,  they  would  require  to  move  through  HiiS",  and  not  ^'i"  during 
lie  period  comprised  between  1844  and  1585,     The  elements  of  Ixtth 
eomels,  -wben  thus  determined  for  the  common  epoch  of  1585,  offered  dis- 
edfdeaeee  of  such  magnitude  as  appeared  to  Le  Verrier  to  be  inoompatiUle 
vitll  id«citity,  aad  he  therefore  cflrae  to  the  conclusion  that  the  two  coweta 
vifi  totidly  distinct  bodies.     He  also  ascertained  in  the  course  of  the 
ane  researches  that  the  comet  of  1 844  was  not  identical  with  Lexell's 
comeL,     He  discovered,   however,  such   a   strong   resemblance   between 
iIm  eletneuts  of  the   new  comet  and    those  of  a   comet   observed   in 
1C7S  hf  La  Hire,  that  he  considered  himself  fully  justified  in  concluding 
tint  they  were  identical.     Thus,  although  the  comet  of  1844  has  doubtless 
fbraDed  a  part  of  the  solar  system  for  many  agefi.  and  has  frequently  ap- 
fVNciied  very  near  th^  earth,  history  records  only  one  instance  of  its 
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appeariuioe  previous  to  the  year  1844.  The  planet  Jupiter,  vbich 
probaliility  rhained  it  down  orginallj  to  the  system,  will  one  day  act  upon 
it  vritk  equal  inteusity,  but  in  an  opposite  direction,  and  we  may  reasonably 
presume  iliat,  -when  it  lias  escaped  from  his  influence,  it  will  a^u  t!y  off 
into  infinite  space,  describiug  a  parabola  or  hyperbola. 

The  theoiy  of  Jupiter's  satellitea  has  not  received  any  material  itnproTe- 
tnent  since  the  publication  of  the  Mecwiiqne  Celeste.  In  1817  DelambM' 
published  new  tables  of  tbe  satellites  founded  ou  all  the  eclipses  that  had,! 
been  obsen'ed  from  1660  down  to  the  commencement  of  tJie  present  eentary. 
These  were  succeeded  by  Daraoiseau'a  tiibles  -vvliieh  appeared  in  1830^        ; 

The  satellites  of  Satuni  have  hiiberto  occupied  the  attention  of  geoBOAteia 
only  in  a  veiy  email  degree.  This  hm  chie%  arisen  from  the  amall  pio^ 
gress  made  by  astronomers  in  determining  by  obserwtiou  the  element^  of 
their  motions,  and  in  tracing,  d  ponierion,  die  more  considerable  in-^ 
equalities  resulting  from  their  mutual  perturbation.  We  have  seen  m 
BtrikiDg  proof  of  the  utility  of  observation  for  both  these  purposes,  in  thtt 
history  of  Jupiter's  satellites.  The  influence  of  the  spheroidal  figure  of 
Saturn  is  clearly  indicated  by  the  positions  of  the  ring  and  the  orbita  o§ 
the  interior  satellites,  which  coincide  almost  with  tlie  plane  of  hh  equaUyr.1 
Aa  the  satellites  recede  from  tbeir  primary,  the  disturbing  action  of  tb* 
Bun  increases  relatively  tu  that  occasioned  by  the  f^pheroidid  figure  of  th^ 
planet,  and  the  orbita  commence  to  deviate  sensibly  from  the  plane  of  his 
equator,  and  to  incline  towards  that  of  the  ecliptic.  The  sixth,  or  Hay- 
geniau  aatellite,  which  in  the  brightest  of  all,  and  therefore  Uia  tOMi 
farourable  for  observation,  has  formed  the  subject  of  an  elaborate  invdttHl 
gation  by  llesyel.  From  the  motion  of  tlie  apsides  of  this  satellite,  h4 
concluded  that  the  majss  of  the  ring  amounted  to  j-|^  of  tlie  planct*s  mtisJi 
He  also  obtained  for  the  latter  a  value  agreeing  very  nearly  with  thai 
deduced  by  Houvard  from  the  equations  of  (condition  employed  in  the  con* 
atruetion  of  Jupiter's  tables.  SSome  valuable  observations  of  the  satellites 
were  made  by  Sir  John  Herschol  in  tlie  ejurse  of  hh  regidence  at  that 
Cape  of  Good  Hope,  From  those  of  the  aisth satellite  he  derived  elements 
which  agreed  very  nearly  with  the  values  assigned  by  Bessel  for  the  epoch 
of  1830,  taking  into  account  the  variation  of  each  clement  during  the  inter- 
mediate period.  He  also  computed  the  epochs  and  mean  motions  of  tta« 
other  satellites,  and  obtained  results  which  accorded  very  well  with  thos* 
deducible  from  the  eoi-lier  observations  of  Sir  William  Horschel.  i 

]f  the  theory  of  Saturn  g  satellites  is  still  in  its  infancy,  the  remurk 
applies  with  still  greater  force  to  the  satellites  of  Uranus,  These  bodiei 
can  only  bo  rendered  visible  by  means  of  the  moat  powerful  teleacopee,  andS 
therefore  it  may  naturally  he  presumed  that  a  considerable  time  willelapM 
before  a  conect  theory  of  their  motions  be  formed.  When  their  elements 
are  once  determined  by  observation,  they  will  otler  peculiar  interest  to  tb4 
geometer  in  consequence  of  their  motions  being  reti-ograde  and  the  planei 
of  their  orbiti^  being  nearly  perpendicular  to  the  plane  of  the  ecliptic,        < 

The  consumuoate  researches  of  Lagrange  left  little  to  be  aooompliiihf<i 
in  the  theory  of  the  Librptlon  of  tbe  M«H)n.  Foisgon  applied  his  powera  m 
analysis  to  tliia  interesting  subject,  but  the  resultii  «t  which  be  arrived  haJ 
only  the  effect  of  coniirming  those  obtained  by  the  illustrious  geometet! 
just  mentiotied  *.  Although  the  mean  motions  of  the  moon  with  re8pi*cl  ta< 
rotation  and  revolution  be  both  equal  to  each  other,  atill  the  inequaliue* 


*  Connutunce  de«  Temp«.  1S2I-22.     The  rc»arc1if>«  of  Palson  are   prinrtplly 

directed  to  (he  ini^ualiti^  in  lliv  incliniittoii  tind  ttuih  of  the  lunar  equntor. 
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longiiode  will  cause  them  to  differ  generally  for  any  ttssi^able  time. 
Tlw  kMDgest  Kiis  of  the  tunar  ellipsoid  will  therefore  deviate  ajvcays  a  little 
Iran  the  direction  of  the  earth's  action,  and  heuco  will  arise  a  series  of 
]Mi|iialitie5  in  tlie  moou's  rotation  c«rreg.poDding  to  her  various;  uiequaJiUea 
in  iMigicucle.  ftQd  oausing  a  real  Hbration  in  her  motion.  The  magnitude 
«f  dMS«  ina^aajitiea  manifestly  depends  on  the  figure  of  the  moon,  or  in  other 
vard0  on  th«  ratios  of  tlie  tliree  axes  of  the  lunar  ellipeoid.  Hence,  if  the 
ntioi  of  tibeae  axes  he  known,  vit  shall  be  enabled  to  compnte  the  tnaxi- 
■an  viliies  of  the  inaqualitiefl.  and,  vica  versi,  if  the  latter  he  determined 
IjlifeMwation,  we  can  readily  derive  from  them  the  ratios  of  the  axes,  ^id 
■qawiqoeivtly  the  eicact  elongation  of  the  muou'a  figura.  Bouvard  and 
KiooUjet  undertook  for  this  purpose  a  series  of  careful  observations  of  Llie 
Booo'a  libration  in  longitude  at  the  Fbyal  Observatory  of  Paris.  Tlie 
C<BimMaM»»M^  de^  Titmji*  for  l%'2%  contiiins  a  beautiful  paper  by  Nicollet, 
io  whidl  ha  mbmitted  these  observations  (amountiug  m  number  to  ITd) 
l»  «  teftfChmg  discusaioD.  The  only  seasible  inequality  ivaa  thai  cor- 
raspocultftg  to  the  amvMl  0^miion  m  longitude :  it  appeared  by  ohserva- 
tioa  to  Imve  a  maaimum  value  equal  to  4'  45'^  The  resulta  at  which  he 
crrired  relative  to  the  mtiog  of  the  axes  do  not  accord  with  the  generally 
~ '  '  lad  opbiion  reapeoting  the  primitive  condition  of  the  raooii.  He 
ia  fact,  that  the  dtflereoce  between  tha  least  and  greatest  axes  was 
^pNMBr  tliflB  irhat  it  would  be  on  the  euppoaition  that  the  moon  vaa 
cngnudly  a  flaid  mass. 
It  has  been  welt  remarked  hy  the  illustrious  Humboldt,  that  no  inquiry 
pby^icftl  scie&ce  can  compare  with  that  relating  to  the  Figure  of  the 
tti  the  disproportion  which  exists  between  tJae  ultimate  object  of 
it  and  the  number  of  ingenious  and  refined  processes  ixith  in 
itieal  and  Astronomieal  gcience,  which  the  long  and  arduous  pursuit 
tutt  given  birth  to.  The  theory  of  this  aul^ject  I'emaius  nearly  in  the 
■sndition  in  which  Clatmut  left  it,  for  the  reseai^hea  of  Laplace,  notwith- 
ftBidJag  tb«  reinarkable  character  of  the  analysis  employed  in  their  e^ipo- 
MCiM*  contributed  only  in  a  small  degree  to  its  advancement.  We  have 
auntioned  iu  one  of  the  foregoing  chapters  that  the  attraction  of  elliptic 
ipheroifls  ia  intimalely  associated  widi  tlie  question  of  the  tigures  of  the 
mlifliil  bodies.  The  most  important  improvement  which  this  part  of  the 
dMiy  of  gravitation  has  received  in  recent  times  ia  due  to  the  late  Mr. 
Vfmf*,  The  problem  for  determining  t\\&,  attraction  of  a  spheroid  upon  a 
fwtele  Bittiated  iu  its  interior  had  yielded  at  an  early  period  to  the 
mmrcas  of  the  ancient  geometiy,  and  wau  aftem*ards  found  to  admit  of  an 
ttty  tolulioD  by  analyaiB.  The  analogous  problem  for  an  exterior  particle, 
ee  the  ftther  hand,  offered  diilii-ulties  which  long  seemed  to  be  insujiemble, 
m&4  tithoagh  Laplace  finally  succeeded  in  devising  ils  solution,  his  method 
iNH  SO  incomplete  as  to  leave  ample  scope  for  further  research.  The  sub- 
jaci  coDttnued  to  engitga  the  attention  of  the  ablest  analysts  until  Mr. 
Imy  finally  discovered  the  well-known  beautiful  tJieoreni,  by  roeana  of 
tiie  attraction  of  a  spheroid  upon  a  point  without  it  is  immediately 
ivad  from  its  attraction  on  a  point  mthin  it+»  This  theorem  is  remark- 
for  being  the  most  important  contribution  to  mechanicul  science  which 

*  Bdirn  at  Dundee  in  1765 ;  died  at  Hjunr)!»tead,  near  London,  in  l&ll.     During  (tie 
%  nriod  of  bli  eiroei'  he  ira^  in  all  probability  the  otilj  fierson  in  Britain  who  jKWG«sed 
I  lomiHte  acqusintwice  with  Uie  method*  of  analytit  employed  in  the  higher  investiga- 
nt  of  ttivnoil  Anronomy. 
tPhil.  tiwu.,  1809. 
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had  been  made  by  a  nativo  of  the  British  laks  since  Uie  days  of  Mae- 
laurio.  The  memoir  which  contains  its  originnl  aunouncemoDt  deserveti 
also  to  be  menttoued,  on  account  of  Llie  intimate  ajcquaiutance  which  the; 
author  of  it  6?ihibits  with  methods  of  analytical  investigation,  the  use  ot 
which  had  been  bitlicrto  confiued  exclusively  to  the  matheraaticians  of  th» 
continent,  Mr.  Ivory  soon  afterwards  gave  another  strildug  proof  of  hia 
taleQts  by  &  critical  esamination  of  Laplnjcs's  reseaicbes  relative  to  tha 
attractioii  of  spheroids  of  small  eccentricity.  Havmg  pointed  out  what  ha^ 
conceived  to  be  certain  defects  in  Laplace  s  reasoning,  be  expounded  ih«ii 
peculiai*  calculus  of  that  great  geometer  by  a  method  of  bis  oivn,  remarliahle 
for  its  cleameas  and  ele:gance.  The  objections  urged  against  Laplace's 
demonstration  are  now  admitted  to  have  originated  mainly  in  a  nuisooit* 
caption  of  the  author's  meaning ;  but  the  memoir  of  Mr.  Ivory  hag  heeu- 
universally  admired  as  a  fine  exhibition  of  analytical  skill  *.  The  important 
subject  of  tho  attraction  of  spheroids  has  more  recently  engaged  the  atten* 
tion  of  Plana,  Gauss,  Poiiiaou,  Airy,  and  other  eminent  geometers,  but  n<M 
striking  rcE^ults  have  been  elicited  by  their  researches.  | 

Befons  proceeding  to  notice  the  applications  which  have  been  made  o^ 
Clairaut's  theorem  to  the  detertniiiatiou  of  the  Earth's  ellipticity,  it  m&fi 
not  perhaps  he  uninteresting  to  give  a  brief  account  of  the  geodetic 
operations  which  have  been  carried  on  in  recent  times  with  the  view  of 
attaining  the  same  object  by  the  actual  metis uremcnt  of  arcs  on  thai 
Earth's  surface. 

An  arc  of  the  meridian  has  been  measured  in  the  present  centiury  Ufl 
Gausa,  extending  from  Gottingen  to  Altoua,  and  embraciDg  an  amplitude 
of  liJ"  0'  57".  The  latitudes  at  the  two  extremities  of  the  arc  were  deter-( 
mined  by  means  of  Hamsden's  famous  zenith  sector.  An  arc  of  still; 
greater  extent  has  been  mea-^ured  in  Russia  by  M.  Struve.  Its  northerni 
eietremity  is  situated  in  Hochlaud,  an  island  in  the  Gulf  of  Finland  ;  and; 
from  this  point  to  Jacobstadt,  its  southern  extremity,  it  ombracea  an^ 
amplitude  of  S°  35'  5''.  One  of  the  peculiarities  connected  with  t3i« 
measurement  of  this  ary  consisted  in  the  detei-mhiation  of  the  latitude^ 
by  means  of  the  transits  of  stars  across  the  prime  verticall.  Wai 
may  remark  that  this  mode  of  observation  is  extensively  practised  by  th^i 
Ijemmn  astronomers  of  the  present  day,  for  tlio  puipoao  of  ascertaining, 
the  deelinations  of  the  atars.  The  operations  of  M.  Struve  were  subse'^) 
quently  connected  with  those  of  Von  Tenner  in  the  south  of  the  Russian^ 
cmjjire,  and  the  whole  arc  now  extends  to  8"^  2'  38"-01,  The  geodeti<^ 
operations  by  means  of  which  Bessei;  connected  the  ai-c  of  M.  Struve,  inj 
KuBsia,  with  the  extensive  triangulations  of  the  west  and  south  of  Europe^ 
exhibited  in  a  remarkable  degree  tiie  rwwer  of  that  illustrious  astronomeoi 
to  sytematize  and  perfect  every  subject  which  bore  any  relation  to  bisj 
fai'ourite  science.  It  may  be  remarked  that  in  all  geodetic  oporationa. 
more  angles  aro  generally  observed,  than  those  which  the  principles  of) 
geometry  render  indispensably  necessary  to  be  known  for  the  purposes  oC 
computation.  This  circumstance  will  manifestly  give  rise  to  a  number  ofi 
relations  between  the  observed  angles,  which  would  be  rigorously  satisfied! 
by  the  latter  if  they  were  mathematically  accurate.     This  condition, 

•  Phil.  Trani.,  1812-22. 

f  Bom  at  Minden  1784 -,  died  at  KiJiiigiljerg  1846.     He  ts  gene  ml  ly  n]  lowed 
the  pneatest  atttronoiner  whicli  the  prraeiH  cLMitiiry  b.is  liithcrto  produced. 

(  The  Intitudcs  were  hIjjo  found  witti  tho  zenith  fl^cior,  and  a  mean  of  bolli  result!  frMi 
in  each  ca«e  taken  for  the  fuid  dc term i nation.  ' 
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tns,  bdtig  practicallj  uoattainable,  it  remains  for  tlie  computer  to  invea- 
iipte  the  true  eorrection  wMch  should  be  applied  to  the  values  of  tlie 
^renl  angles.  For  this  purpose  each  nngle  is  assumed  to  be  affected 
\sviix  ttD  unknown  error,  and  then^  hj  means  of  the  relatious  above  men- 
twud,  a  tiamb«r  of  equations  of  condition  ai'e  formed  between  tlie  unknown 
^ouiUties.  Xow  Bessel  deterniiued  the  values  of  ilieae  quantities,  not 
iccoiding  to  the  practice  hitherto  pursued,  of  gioupiug  the  equations  of 
eoodition  into  &  number  of  isolated  system 9,  but  b;^  combining  them  all 
togedier,  and  submitting  them  to  oue  imifami  and  systemjitic  mode  of  treat 
OODL  The  superior  advantage  of  thus  tuakiug  the  totality  of  the  obaervu* 
IMOB  subservient  to  the  determination  of  thcit  iuJtvidual  errors  is  too 
libiioiis  to  require  any  further  notice. 

The  ntuaerous  arcs  of  the  Earth's  surface  which  have  been  measured  in 
recent  times<  with  the  most  scrupulous  attention  and  skill  in  all  their 
detatU.  have  enabled  astronomers  in  tlie  present  day  to  arrive  &t  more 
definite  oondnsicins  relative  to  the  magnitude  and  figure  of  the  earth  than 
it  MS  possible  to  have  deduced  at  an  earlier  period.  In  1833,  Mr.  Aiiy 
diseneBed  all  the  arrs  of  any  valuo  'that  had  becu  measured  either  in  the 
fine^n  of  the  meridian,  or  perpendicular  to  it.  Rejeetiitg  the  nrca  of 
|Uiilel  as  unworthy  of  coutideucc  iu  so  delicate  an  inquir}',  and  also  oil 
tboMaxcs  of  the  meridian  which,  being  sitti^ted  in  muuutainouij  countries, 
M^t  be  vitiated  by  the  effects  of  local  disturbance,  he  derived  the 
ewnieaits  of  the  eartli'^  figure  from  the  remaining  data  by  a  ver}'  simjyle 
pIPfCCB.  in  which  he  was  mainly  guided  by  a  sagacious  apprecialiott  of  the 
wbUwe  merits  of  the  ancient  and  modem,  measurements.  His  final  con- 
doBOO  VBs  that  the  exterior  suiface  of  the  earth  may  ha  represented  by 
n  dUpsoid  of  revolution,  the  polar  semidiameter  of  which  is  ^0,853,810 
&et,or  3f)4i).585  miles:  and  the  equatorial  semidiaroeter  !eO,923,713  feet, 
«•  990-2.^^4  miles *.  This  gives  09,WO3  feet,  or  1 S. '43ft  miles  for  the  excess 
of  the  equailrial  over  the  polar  semidiameter,  and  ^^jj-^ij  for  the  value 
of  the  elliptic) ty.  These  re^ialUi  have  received  a  most  salitifacto]^^ 
eaofiitdalion  from  the  researches  of  Bessel,  who  in  1H4]  was  con- 
doBted  to  an  ellipticity  equal  to  ^^>-n^  by  an  elaborate  discui^^iou  of 
di  the  most  reliable  ai'cs  of  the  meridian.  We  may  mention  that  tbo 
lil^BtflltH  ftf  Mr  Airy  arc  those  whiclt  Imve  been  employed  in  all  the 
■ore  ncent  calculations  connected  v-ith  the  Ordnance  Survey.  Wo 
ibaO  hwe  occasion  presently  to  notice  a  very  satisfactory  confirmation  of 
tiNiff  tecaracy  which  has  been  afforded  by  the  measurement  of  an  ex  ten- 
one  «rc  of  |«xallel. 

The  great  meridional  arc  of  India  has  recently  received  a  considerable 
extension.  The  operations  connected  with  this  arc  were  commenced  by 
Colonel  Larabton  about  the  beginning  of  the  present  century,  and  the  first 
Mction,  extending  ft'om  Pirnnce  in  lat.  8**  0'  35"  to  Daraargida,  in  lat,  18"» 
y  15'',  was  corojileted  by  that  officer  in  1815.  Another  section  exteuding 
from  Damai^da  to  Kalianpur.  in  lat,  14°  7'  11'',  was  executed  by  Colonel 
EnoPest,  who  euceoeded  Colonel  Lambton  in  the  superintendence  of  the 
fifciltionfl,  upon  the  death  of  the  latter  in  18!33.  The  whole  arc  from 
PoBiKS'  to  Kalianpur  embraced,  therefore,  an  amplitude  of  1 5°  57'  4*>",  and 
«■•  ^mseqne titly  the  most  considerable  which  had  yet  been  measured.  The 
metboda  employed  were  similar  to  those  practiced  in  the  measurement  of 


Fncjd.  Metrop.,  Art.  Figure  of  tlie  Earth. 


an 


HISTOIIT  <iP  WJTSrCAt  AfltaOROMT. 


the  English  arc,  and  the  result  was  generally  considered  by  cotnpetetit 
judgca  to  be  equal  in  point  of  accuracy  to  the  very  best  mo<Jcm  deter- 
minatioua  of  a  similar  cbaracter.    The  recent  extension  to  which  wt*  have 
alluded  h  due  to  Colonel  Everest,  who  has  now  prolonged  the  mv  lo 
Kaliana,  in  latitude  20°  30'  4S".    He  effected  this  ohject  not  by  continuing 
the  triangulation  from  Kalianpitr,  tlie  northern  extremity  of  the  great  arc,., 
but  by  proceeding  in  the  opposite  direction  froai  Kaliaua  to  Kalian puf. 
For  this  purpose  a  base  was  inea-sured  in  the  Valley  of  Dbera  Dhun,  near? 
the  inferior  range  of  the  llimalayah  Mountains.     The  extreme  station 
of  the  arc  was  situated  at  a  distance  of  seventy  miles  to  the  south  of  the  bftfl^i 
Colonel  Everest  justly  fem-ing  thiit,  if  a  less  remote  locality  were  seIi?cte<Ji 
tho  attraction  of  the  Himalayah  Jlounlains  rngbt  exercise  adiHturbing, 
bfluence  on  tlie  celestial  olwen-ations.     In  1837,  Colonel  Everest  com- 
pleted the  triangulation  as  far  as  Kalianpur;  find,  as  he  had  some  donbta 
respecting  tlio  accuracy  of  his  previous  operations  beyond  this  point,  he 
OOtotinued  to  advance  sonthwarda,  until  he  reached  Damargida,  the  norihera 
extremity  of  Colonel  Lamblon's  arc.     T!ie  celestial  amplitiido  was  deter- 
mined by  dividing  the  terrestrial  arc  into  two  sections  at  Kalianpur,  audi 
then  making  simtiltaneous  ohsen'ations  on  the  stars  at  the  twoestrcmitieal 
of  each  section.    Thirty-six  stars  were  observed  in  determining  the  amph- 
tude  of  the  northern  section,  and  thirty- two  in  determining  tliat  of  the 
southern  section.     In  each  instance  half  of  the  stars  ivere  situated  to  the 
south  aiid  tho  other  half  to  tho  north  of  the  zenith  points  of  both  et- 
tremities  of  the  arc ;  hut  the  greatest  distance  of  any  stai*  from  the  nearest 
zenith  did  not  exceed  C^.     The  amplitude  of  the  northern  section  was. 
found  to  be  5^  33'  37".0rjl,  and  that  of  the  wuthem  section,  0*^  3'  B5''.073. 
This  gives  IP  27'  33".f»y4  for  the  amplitude  of  the  whole  an*  raeasureii 
by  Colonel  Everest.     Tbe  terrestrial  length   of  tho  northern  arc  wft8 
found  to  he  1001157.117  feet,  and  that  of  the  aonthem  ar^aoaoaO.lflfl 
feet.     Comparing   these   rc^nlts  witlj   the  amplitudes,  it^ppears  that 
the  length  of  a  degi'ee  of  the   meridian   in   mean  latttude  20''  40'  iii 
3Fi3,fiOft  feet,  and  that  the  length  of  a  degi'co  in  mean  latitude,  '21*  ft', 
is  S03,1BT  feet.      The  whole  of  Colonel  EveR'st's  are,  when  compared 
with  the   English  arc  between   Dunnose  and   Clifton,   gives  ^-fjr  for 
the  ellipticity  of  the  cailli.     A  similar  companson  with  the  French  arC' 
gives  34n  ■  ^'i''^  t^*^  Russian  arc^J^j;  and  with  the  Swedish  arc  ^1^.     Be*' 
sidra  the  base  meiwured  in  tho  valley  of  Dhera  Dhun,  two  bases  of  veri- 
fication were  measured  by  Colonel  Everest,  one  at  the  southern  extremity 
of  the  whole  aa%  and  the  other  near  Kalianpur,  the  middle  station.     The- 
verification  was  eHeeted  by  computing  the  bases  at  the  two  extremities  of 
the  arc  from  the  base  in  the  middle,  and  then  compartng  the  results  with 
those  derived  from  acJunl  mea.surement.    In  this  manner  the  length  of  the* 
base  at  the  northern  extremity  wjis  found  to  be  :10 183,273  feet  by  com- 
putation, and  fli)  183.873  feet  by  actuid  measurement.     The  difierence, 
therefore,  tuiioiinted  only  to  -f'(,\hs  of  a  foot,  or  about  seven  inches.    Again. 
the  length  of  the  liaso  at  the  southern  extremity  was  found  to  bo  41 57H,178 
feet  by  computation,  and  'Il578.ri30  feet  by  measurement.     This  gives  a 
difierence  of  .,^,^,/|,ths  of  a  foot,  or  a  little  more  than  four  inches.    Tlie  iiOAt 
agreement  of  these  results  affords  a  strong  gunranice  for  the  acruracy  of: 
tbe  whole  operation.     The  baae:^  wore  measured  n-ith  an  nppamtus  devisedC, 
by  General  Colby  while  engaged  in  the  operations  of  the  Irish  Survey.    Itl 
consisted  essentially  of  two  metallic  bars,  each  ten  feet  long,  so  couuected 
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hy  fheir  unequal  expunsion  to  otwiate  the  Jiecesajty  of  «pply- 
rijon  for  tompemunre  *. 
great  ludmn  aix:  from  Puonce  to  ICaiiana  now  embifires  an  ttnjpli- 
tMfe  equal  to  31**  21*  13".  The  southern  pomon  may  not  perhnpi?  be  so 
vnexcepdoDable  in  ila  execution  as  it  was  at  one  time  genci-ally  siippns^d 
I*  hm :  bol  etiU,  when  taken  in  its  full  exteusion,  this*  attj  i^ii  tinqiiesiitujably 
OM  of  ihrn  ZDOst  ViUuaUIe  data  we  possess  for  determining  thf^  H^^ire  of  tUo 
catth:.  and  ta  destined  in  all  ages  to  shed  a,  brill tont  lustre  on  the  hlHtor^r 
«l  Btitisb  rule  in  India. 

The  an?  of  the  meriilian  measured  Uj  Lricfflillo,  at  the  Cape  of  Good 
Hope,  presented  an  unnccmintahk'  anonialv  when  0(»m|iHri2d  with  shailar 
■BMaomneDts  ei  ecu  ted  on  the  opfKJsite  side  of  the  equator.  It  "ttould 
tffmr,  from  the  result  nt  whirh  he  orrived.  that  the  parth  s  surfare  is  leas 
eU9td  io  the  touthera  than  it  is  in  the  iiortheni  hpraisphere.  '^J'fiis  con- 
oIbboo  ««cili>d  the  suqirJse  of  nstrnnomers,  being  tolallv  at  viiriaiife  with 
tiw  IImoit  of  gnuitntinn,  which  a&n\gti^  ihe  Banift  clliptinity  to  IttUh  hunii- 
iplMtVB.  On  liie  other  himd,  the  high  celebrity  of  the  at^trunuuier  upim 
i4mw  autbofity  it  re.-«ted,  fier\'ed  only  to  rondcr  the  question  ntill  nnore 
"•T^^^ting.  When  Coh*neI  Everest  visited  the  Capo  of  (Jood  Hope,  in 
he  carefttllT  insp(*cted  the  tract  of  country'  in  whicli  the  arc  was 
lucwnufvd.  and  drew  np  fho  res.ult  of  his  obseii*vGtiona  in  a  letter  addressed 
toCalonel  I^truhton.  \\hioh  itppeara  in  the  Jirst  vulumL"  of  tlie  "  Memoirs  of 
ibe  Atftront'initud  .Soeiety.  "  The  Bouihem  I'xh-emity  of  the  arc  vcas  si- 
tatod  tt  LacatlTe's  Oh»et-vatorv  in  CA[^e  'J'uwii,  ntu\  the  noi'lhem  exire- 
■o^at  Kleip  Fouleyn,  The  cj?lestittl  ftmplitudo  wtm  1"  \2'  i'\?t">,  and 
fhtkiitnde  of  ih*  middle  point  was  8:t"  IH'  Ho".  Lm'nille  fottnd  the  ter- 
itMliil  lenf^ih  of  ihe  aru  to  he  <JH.HiU  loi>(es, — -wliemw  1*"  was.  eqiirtl  in 
llVgib  It)  r»?li:n  toisei;.  Now.  if  we  nasunio  tint  enrih  to  be  nn  oblate 
l^inijd,  having  an  ^tiiptieily  equal  to  -^J^^,  n  ^iippoHition  whicli  agrees 
1*7  W«ll  with  the  resnlt  of  a  cnmptirison  of  nieri^liuiinl  an-s  in  the  north- 
■rs  heniifipheTe.  the  ampliluile  of  nn  n.ro  whose  teiTeslrial  lengdi  and 
tDMB  laiitnde  is  the  same  as  that  of  Lnraitlc's  will  W.  found  to  be 
I*  Vy  JO".5-4.  This  result  eseeeds,  I'y  H"MK  the  amplitude  of  the  ore 
Md«terinined  by  Laenille,  Colonel  Everest  strongly  suspected  that  the 
Avoidance  arose  from  the  disturhinrf  iofluence  occasioned  by  the  ftttme- 
tino  of  the  mountains  in  the  neiyhhourhoofl  of  the  two  terminal  gtationsi. 
He  remarked  that  the  mountahie  at  Cape  Town  would  m  nlfect  the  phimh 
hue  as  to  mfike  the  zenith  appear  a  little  to  i.]w  south  of  itn  true  plate, 
•Wle,  on  the  ollter  hand,  those  at  Kleip  Fontoyn  would  cuase  the  Jienilh 
rf  that  station  to  deviatfi  a  little  to  the  north  of  its  true  plare.  Hence 
tk««|»parent  nmplilude  of  the  aw  as  derived  from  the  zeinth  distances  of 
tbevtvs  ot  its  two  extremities  would  be  less  than  the  Inie  amplitude  by 
th^Mm  of  Iwth  zetiilh  errors.  Colonel  Everest  therefore  conrluded.  thnt 
UittUea  nieamrfrment  might  be  reconciled  with  tlie  usual  value  of  the 


•  Th«  AL-cuniey  of  lla-  results  obtainable  by  (lie  use  of  lli»s  apparalun  wax  put  lo  u  jcverR 
lolb;  the  rem^'asureraenl  of  the  htts-es.  The  base  of  Dhera  Dliun  was  retnoa'.ijred  iti  nn 
«nNHt«  Aincihm,  uid,  aliltnugh  tlic  wbalc  Ipiigtti  exfc-ediHl  seven  roiie«,  tin;  two  reauliA 
•■  aol  differ  bj  ao  mucli  a^  2^  i»che».  Anutlit'r  intido  of  vcrificaiintii  tfinshtcd  in 
dMdk^tlie  IwK  into  litree  Bctniana.  and,  having  ri'mcojurcd  tlie  middle  B^clitm.  deriving 
dM  other  lir©  from  It  by  Iriftngulalion.  Tlie  vUtok  Icnglli  of  the  bwa  wbeu  detcrm'mcd 
If  lUl  prooeM  did  no(  differ  more  than  a  quiirter  of  an  inch  from  the  original  niea»ur(!- 
■Mi  Aa  cqiMlIj  Httitfiiecory  result  \ftif-  ohiuincd  \iy  atinitlar  remca^jrenicmt  of  the  bn^ 
a  iTiiMrfldi,  the  Bouthcm  extremity  of  ilic  arc. 
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elliplii'Uy.  by  agsuming^  that  the  zeniths  of  the  two  etiretaB  etations  were 
liisiiurbed  by  local  atti-action  to  the  extent  of  8". 90.  After  alluding  to 
the  inexpediency  of  remeaauriug  the  arc,  iu  consequence  of  the  piuctioal 
difficulty  of  observing  the  angles  from  Lacaiile'a  stations,  this  distin* 
guished  officer  then  proceeds  in  the  following  terms  : — "  It  might  be  in- 
terestiug,  no  doubt,  to  ascertain  the  exact  latitudes  of  both  extremes  of 
the  arc,  by  a  series  of  triangles  connecting  them  with  the  observatory  now 
about  to  be  erected  iu  this  neighbourhood,  and  this,  which  will  douhtlas 
Iw  hereafter  dont^t  i^i^J  i"  "-ble  hands  furnish  a  new  datum  respecting  tlM 
attraction  of  mountains ;  but,  as  to  the  arc  itself,  it  seems  to  me  to  be  too 
small  to  be  of  any  weight,  even  were  all  other  objections  removed,  and 
the  labour  of  correcting  the  old  reeult,  except  for  the  mere  cariosity  of 
the  matter,  would  therefore  be  much  better  eirpended  upon  a  new  aeriee 
of  triangles.  Such  a  series,  instead  of  terminating  at  Kleip  Fonteyn, 
might  very  easily  be  carried  through  tlie  country  of  the  Namaquas  to  the 
uorthern  boundary  of  the  colony,  which  would  furnish  a  very  pretty  arc 
of  nearly  4"  in  amplitude,  and,  I  doubt  not,  set  for  ever  at  r^t  the  ano- 
malous hypothesis  of  the  different  form  of  the  two  opposite  hemispheres  of 
the  globe." 

We  have  cited  these  remarks,  not  only  because  they  reflect  the 
lughest  credit  on  tho  sagacity  of  Colonel  Everest,  but  also  on  account 
of  the  interesting  confirmation  wliich  they  have  recently  derived  from  the 
labours  of  Mr-  Maclear,  the  Astronomer  Royal  at  the  Cape  of  Good  Hope, 
!n  the  year  1837  the  latter  detormined  the  latitude  of  Lacailles  Obser- 
vatory by  means  of  a  triangulation  connecting  it  with  the  Royal  Obser- 
vatory. The  rosult,  when  compared  with  that  derived  by  Lacaille  from 
direct  observation,  seemed  to  indicate  the  existence  of  local  attractiou, 
Itut  the  di<iCordance  was  not  suflieiently  great  to  account  for  the  whole 
anomaly  of  Lacaille'a  arc.  Mr.  iMaclear  resolved,  therefore,  to  verify  the 
entire  operations  of  that  astronomer  by  a  careful  remeasurement  of  the 
nrc.  The  latitudes  at  the  extreme  stations,  as  determined  by  meaus  of 
tlie  zenith  sector,  were  found  to  agree  with  the  values  assigned  by  La- 
rftille,  hut  tho  computation  of  the  triangles  had  the  eflect  of  shortening 
the  arc  by  200  feet,  and  thereby  reducing  the  anomaly  in  its  length  to 
about  half  its  previous  magnitude.  Suspecting  that  the  remaining  part 
of  the  error  arose  from  tho  ill  •conditioned  character  uf  Lacaille's.  tri- 
angles, he  chose  another  set  of  stations,  and  then  repeated  the  whole 
operation  ;  but  to  his  great  disappointment  he  obtained  a  result  which 
agreed  almost  e.vactly  with  that  at  which  he  had  previously  arrived.  He 
now  resolved  to  measure  an  arc  of  three  or  four  degrees,  and  to  select 
the  two  extreme  staiions,  so  as  to  be  beyond  the  reach  of  local  diaturlv- 
ance.  Tliis  object  he  successfully  eftccted  notwithstanding  many  hard 
fihips  he  had  to  encounter  in  consequence  of  the  inclemency  of  the  weather^ 
and  the  impassable  nature  of  the  country  in  which  his  operations  wera 
cumducted.  The  triangnlation  was  carried  southwards  to  Cape  Point,  and 
northwards  as  far  as  Kntnies  Berg.  The  distance  between  tliese  two  ex- 
tremea  comprehended  an  arc  of  nearly  4°  ^' ;  but,  as  Mr.  Maclear  ens* 
pected  that  the  station  at  Cape  Point  was  subject  to  local  disturbance,  ht 
tilted  the  southern  limit  of  the  arc  at  the  Royal  Observatory.  The  dis- 
tance  between  this  station  and  ICamies  Berg  included  an  arc  of  S^  94^ 
Two  intermediate  stations  were  selected,  one  at  Kleip  Fonteyn,  and  the 
other  to  the  north  of  that  station.  The  final  result  at  which  he  arrived 
was  of  the  most  gratifying  chttiaetcr.     Ue  found  that  the  length  of  « 
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itgftB  WIS  now  almost  exactly  reconcilable  with  the  elliptiL-ity  derived 
flen  t  comparison  of  meridiQual  arcs  in  tbe  ttorthcm  hemisphere.  He 
iIn  oompletely  succeeded  in  tmcLug  the  various  circumst-auces  which 
C9i^Hi«d  to  vitiate  Lacailles  arc.  We  Imve  already  mentioned  that  the 
Bnwms  reduced  to  half  its  original  magtiitude  by  the  remeaKut'ement  of 
tke  tenestrisl  arc.  The  remaining  half  was  found  by  Mr.  Maulear  to 
ihse  from  errors  in  the  latitudes  of  ihe  two  eictreme  stations,  occasioned 
ij  tlie  altraction  of  tho  mountains  in  their  neighbourhood.  When  the 
Ittitodes  were  det^nnined  at  statioQi^  removed  from  the  influence  of  local 
ttijmtxea,  and  then  coaoected  tngonometricoUy  with  the  arc,  they  were 
Ibimd  to  be  very  nearly  reconcilable  vnih  the  usually  received  value  of 
the  ellipticity.  A  slight  deviatioti  of  the  plumb-line  took  place  at  the 
wothem  station,  but  a  much  greater  deviation  was  occosioued  by  the  at- 
bKCioci  of  the  mountains  at  Kleip  Fonteyii.  The  eiTors  at  both  stations, 
kpmver.  conspired  together  in  reducing  the  amplitude  of  the  arc,  jieree- 
iHlt  to  the  remark  of  Colonel  Everest.  Mr.  llaclear  has  earned  for  him- 
Kif  i  high  place  among  living  astronomers  by  tbe  ability  vriih  which  ho 
li&»  executed  this  important  geodetic  openiiion.  It  is  gratifying  to  retleut 
ikt  his  kbours  have  removed  a  serious  ditiiculty  from  the  scieiico  of 
imoDomj,  since  we  are  now  assmred  that  the  actual  mensutement  of 
Beridtonal  arcs  on  each  side  of  the  equator  concurs  with  the  theory  uf 
^ritatiati,  and  tbe  experiments  with  the  pendulum,  iu  assigning  the  same 
liJipticity  to  both  hemispheres. 

Th*  arc  of  the  meridian  connected  with  the  trif^onomeieical  survey  of 
Gcett  Britain  now  extends  from  Dunnose,  iu  the  Isle  of  Wight,  to  Balla,^ 
coeof  Ute  Shetland  lales,  and  embraces  an  ampUtude  of  10"  T'  5b'\ilS. 
Tht  htitadee  were  determined  with  l^m^iden's  zenith  sector  at  ten  dif- 
iisrest  plaoes,  iocluiding  the  two  extreme  stations,  When  the  whole  course 
ot  tiWQgulalioD  waa  executed,  the  latitudes  at  the  various  stations  vvere 
dmi  computed  by  means  of  an  assumed  value  of  the  ellipticily,  and  tbe 
SBktivA  bearings  aud  distances,  netting  out  from  nreenwich,  with  which 
dl6  opemtioiis  were  trigonometrical ly  connected.  The  latitudes  found  in 
tiiifi  maDDer  for  the  two  extreme  stations,  on  being  cumpiired  with  those 
^Lermined  with  tbe  zenith  sector,  presented  a  discordance  which  i<e«med 
ta  imply  as  error  either  in  the  uhservatiotis,  or  in  tbe  assumed  value  of  the 
dlipticitj.  The  latitude  uf  Buunose  was  again  determined  with  the  new 
OVuMoee  zenith  sector*,  but  no  en'or  waa  discovered  in  the  previous  mea- 
conmenL  Another  station  wa»  then  selected  about  a  mile  distant,  and 
tbe  latitude,  on  being  determined  with  the  ^me  ill!^trument.  was  found  to 
dsSer  as  much  as  3 ".3  from  the  result  obtained  at  the  original  station. 
This  circumstance  is  the  more  reraarkaUle,  as  the  surrounding  country 
doc«  not  saem  to  indicate  the  existence  of  any  disturbing  influence.  The 
btitode  as  thus  determined  at  the  new  statioti  coiucided  exactly  with  that 
pmioa&ly  found  by  a  geodetic  process^  and  thereby  afforded  an  important 
ooofijrmalioD  of  the  value  of  the  cUipticity  upon  which  tho  latter  result 
depeiided.  The  computed  and  observed  latitudes  of  the  northern  extre- 
m&j  «f  tbe  arc  at  Balta  presented  also  a  similar  discordance,  and  were 
■bulaiiy  leconciled  together  by  repeating  the  obsen'ations  with  the  jienith 
•eetot  at  a  place  in  the  neighbourhood  of  tbe  original  station.  The  me- 
tlMid  of  determining  the  latitude  of  a  jjlace  by  connecting  it  trigouome- 

'  Tine  nperb  inftrument  of  Riimfden,  Having  been  deposiled  for  *afctj  in  the  or- 
woatj  of  tbe  Tower,  was  unfortUDAtcIv  defln>yed  by  the  firi;  which  coDsunicd  that  part 
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tricalljrwitli  a  distant  station,  h  probably  destined  to  tlirow  much  valuabto 
light  on  tlie  uubjoct  of  local  ilisturbauce.  espooially  &incG  the  true  figuM 
of  the  earth  is  now  pretty  vfell  ascertained. 

It  will  rdudily  appear  on  the  inspection  of  a  map  that  the  positioa  vf 
the  Di'itish  Isles  is  well  adapted  for  the  measurement  of  an  OKteiisiv*!  aiC 
of  pamllel.  An  important  illu&tmtion  of  the  truth  of  tins  remark 
been  recently  aflbrded  by  Mr.  Airy 'a  determination  of  the  arc  of  Iodj 
comptiaed  between  Greenwich  and  Valentio,  a  small  iijland  on  th« 
xtmt  ooa^t  of  Ireland 't'.  This  is^land  in  situated  about  11**  west 
Greenwich,  and  lies  nearly  in  the  sume  latitude  with  it.  Mr. 
propoaed  in  the  first  iu£»tauee  to  determine  the  exact  difierenoe  of  Ui« 
longitudes  of  the  two  ^luce^  by  iba  tnuisportation  of  chronometers,  and 
the II  to  effect  the  same  object  by  means  of  the  bearings  and  distancfs 
asaigned  by  the  OrdnaneL;  Survey,  comibtncd  mlh  certain  assumed  elemenls 
of  toe  eftiths  figure.  If  the  two  re**ults  were  found  to  (igre«  vrttbht 
ftttfficieutly  narrow  limita,  it  might  then  be  fairly  prei^uniod  tlial  tlli« 
AlAmeutit  of  the  eartli'»  figure  were  well  determined.  On  the  other  bond, 
if  thidjr  differed  Uj  a  sensible  e;iteiit.  the  antonnt  of  the  dilTei'euce  would 
serre  to  indicato  the  correction  whit-h  it  wuuld  be  neeesaart'  to  apjdy  to 
the  assumed  elements.  Fea<:;b  Mniu,  in  the  itsland  of  ValeutLi,  wm 
selected  as  tlio  extri-mo  we^^tern  iioitit  of  operations,  while  Kiiig>^ton.  ueftf 
Dublin,  and  Liverpool,  were  iist'd  as  intermediate  Niatitms.  The  element* 
of  the  eanli'a  figure.  a??'iumed  as  the  basiij  of  the  gcodelio  ealculAtioiut, 
were  those  which  Mr,  Airy  had  arrived  at,  by  a  discussion  of  are*  of  the 
meriiLiui,  and  have  been  alrt^ady  mentioned  in  this  chapter.  The  eom- 
pirisou  of  the  chronometrical  and  geodetic  arcs  exhibited  a  most  gra{il\iog 
accwrdance,  and  thereby  ntibi'ded  a  valuable  mntirnuition  of  ibe  aBNuniM 
el«metits  of  the  earth '^  hgiirBf.  Thifi  ia  asauredly  not  the  least  vnliuiild 
cvf  tho  many  robulti*  fur  whiuh  astronomy  is  indebted  to  Mr.  Airy. 

We  now  proceed  to  give  som^  nucuunt  of  the  researches  that  bftve  \mtm 
prosci'uted  for  the  purpose  of  deducing  the  elliptJcily  of  the  earth  from  tlM 
variation  of  graviiy  at  it»  surface.      We  have  already  menliuued   tlal 

"    Mt"m,  A*(-  Si)c.,  vol.  \\u 

^  Tlte  foHawing  *ik  titc  results  obtsSnctl  b;  a  coonpunsoa  of  (lie  variutu  g«odfitio  ind 
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CLuxn&l's  tbeoreni  enables  us  to  ascertain  the  viilu6  of  (\m  clement  wlmi 
noce  we  know  the  rtlativ©  iaieu&itieii  of  gravilj  in  two  difforeat  lalUudtJS. 
Th«  peadulum  whicU  Huygetis  hail  already  applied  so  adoiirably  to  tbo 
maisiLremeat  of  time  derived  from  ihia  circumstance  n  vast  iu-ccssiou  of 
importmice  in  the  estltnation  of  a^itroiiotiierii.  In  order  to  understand  bow 
the  oscillaiians  of  a  peudulum  lead  tu  a  knoAs-ledge  of  tlie  Ugura  of  tho 
autb.  it  is  necessary'  to  Dbt^n  a  clt^ar  view  of  the  \'nr(otia  cLTCiimistaiH'c^ 
ttiacil  aflect  the  rate  of  oscilktiou.  A  brief  notice  of  tliem  here  may 
aoi  perbups  be  unfljuoeptAble  to  the  render,  us  they  nre  inscjiarably 
flaeeaaidd  with  the  history  of  the  application  of  the  pendulum  to  scicntilic 


.on  u  periduluni  oselllales  in  vacuo  thruugh  very  snittll  arcs,  the  rate 

^jMciUation  will  dt'pend  on  the  length  af  tht>  pendulum  nud  the  intenbity 

maviug  force.     If  the  oseilktions  be  8up]>osed  iiidefiiutely  smol],  a 

relation  coouecUs  these  three  t^ laments  together,  so  that  by  means 

we  tan  ascertaiQ  the  value  of  atiy  one  of  them  when  the  other  two  are 

y  knowTQ-     Hence  the  intensity  of  the  moving  force  may  be  readily 

'i\ed  frO'ffi  the  length  of  the  petidulum  and  the  rate  of  oscillation  ;  and 

lutter  element  remain  constant,  or,  in  other  words,  if  the  pendulum 

eoBtiiiad  to  perform  the  samo  number  of  oscillations  in  the  same  time,  the 

WMtion  of  thff  moriug  force  will  be  indicjited  by  tlio  dilferent  lengUts 

ulieli  it  ;«ill  be  found  necej^aan^  to  assign  to  the  pendulum.     On  the  other 

knd*  if  the  length  of  the  pendulum  be  asiiuoied  to  be  cojistant,  tho 

wiiiion  of  the  moving  force  will  be  indicated  by  the  greater  or  les^ 

mickneafl  with  which  the  uacillations  arc  perforrueJ,     Heuee  arise  two 

iWliliel  methods  of  comparing  tiie  diflerejit  intensities  of  a  force  by  meatis 

c^eiperlmentfi  trith  the  pendulum.     In  the  one  c-asc,  the  variation  of  force 

'u  thrown  upon  the  length  of  the  pendulum;  in  the  other,  it  is  tltromi 

Spoil  the  rate  of  oscillation.     Both  tliese  meihodH  have  been  employed  in 

detefmiuing  ibe  i^iurktiitii  of  gra\  iiy  ut  ih'e!  eartli'm  surface , 

The  preceding   ren;arlia  have  reference  to   tho   pur«ily  mathematical 

thtOTj  of  the  pendulum,  and  thereforo  du  not  take  cognizance  of  tliOHC 

dil(urbing  causes  which  in  allca^e^  complicate  plo'sical  inquiries.     It  is 

DiSMMuy  then  to  iuveiitigate  tbo  clfect^  produced  by  these  disturbing 

WH8S,  so  that  by  subducting  thetn  from  the  phenomenon  we  may  arrive 

■t  tlbt  shatract  conditions  which  form  tho  \msis  of  our  reasoning.     Honeo 

irJM  various  corrections  which  it  is  necessary  to  take  into  account  hefore 

tlia  experiments  Avi til  the  pendulum  can  be  nmde  available  for  the  purpose 

<il determining  the  ellipticity  of  the  earth. 

M    In  the  fipst  place,  tlio  theory  of  oscillation  at^ive  stated  supposes  that,  in 

^Bdl  experimenis  with  the  same  pendulum,  its  length  remains  constant. 

^^Hypi,  however,  i^  a  condition  which  cannot  obtain  in  nature,  for   the 

HHppHtioos  of  temperature  will  cause  the  pendulum  contiuuaUy  to  vary  in 

In^lh,  and  the  ettect  of  this  variation  will  manifestly  be  to  distm-b  tbo 

lite  of  o«»illation,     In  order  then  to  render  the  llieory  applicable  to  tho 

icta^  results  of  experiment,  a  certain  standard  vf  temperature  la  oasmncd, 

uul  the  efTect  due  to  the  deviation  from  this  standard  as  indicated  by  tho 

thwrnometer  \a  then  computed  and  applied  to  the  actual  rate  of  oscillation. 

Thk  k  termed  tlie  correction  for  temperature, 

Atfain,  the  osciliutions  of  the  pendalum  are  snpiwscd  to  be  indefinitely 
snail.  In  reality,  however,  tliey  all  possess  a  finite  magnitude,  and  also 
vaxy  coiiliiiually  from  one  oscillation  to  another.  Both  these  circumstances 
«iU  cause  the  number  of  oHcUlations  actually  performed  in  a  given  time  to 
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differ  in  all  cases  from  the  number  of  indefinitely  small  oscillations  which 
roultt  be  performed  in  the  same  time.  In  every  case  of  actual  experiment 
time  of  a  single  oscillation  will  exceed  a  certain  tinite  quantity 
ending  on  the  length  of  the  pendulum  aud  the  intensity  of  the  moving 
foree;  but,  the  smaller  the  arc  is^  the  more  nearly  will  the  time  of 
oscillation  approach  this  quantity ;  ivhich  may,  tlierefore,  be  considered  as 
Uie  time  corresponding  to  indefinitely  small  oscillations.  Hence,  in  order 
to  reduce  the  experiments  to  an  accordance  with  theory,  tlie  efiect  due  to 
the  magnitude  of  the  arc  is  computed,  and  then  apphed  to  the  actual  mte 
of  oacilliition.     This  is  termed  the  correction  for  the  amplitude  of  the  arc. 

The  third  correction  which  it  h  necessary  to  take  into  account,  in 
conducting  experiments  with  the  peuduhim,  depends  on  the  fact  that  the 
force  of  gravity  variea  si  difiTerent  distances  from  the  centre  of  the  earth. 
Clairaut's  theorem  bus  reference  to  the  variation  of  gravity  at  the  $utfacc 
only  of  the  terrestrial  splieroid.  It  is  necessary,  therefore,  to  make 
allowance  for  the  altitude  of  the  place  vrhere  the  exi>eriraeuts  are  made,  by 
diminishing  the  force  indicated  by  the  oscillations,  in  the  ratio  of  the 
eijuare  of  the  distaiii:e  from  the  earth's  centre. 

Lastly  the  oscillations  arc  supposed  to  take  place  in  a  vacnum.  In 
reality,  however,  they  are  performed  in  a  medium  of  air.  Newtoti  first 
considered,  in  accordance  with  mathematicjil  principles,  the  effect  produced 
on  the  motion  of  a  pendulum  by  the  resistance  of  the  air.  He  haa 
demon stratetl,  on  the  two  hypotheses  of  the  resistance  being  proportional 
to  the  first  and  eecond  powers  of  the  velocity,  that,  when  a  pendulum 
makes  very  small  oscillations  in  a  cycloid,  it  does  not  experience  any 
sensible  retardation  from  this  cause*.  Poisson  subsequently  showed  that 
this  was  also  true  for  a  pendulum  oscillating  iti  a  circle  when  the  area  are 
supposed  very  small  f ;  in  fact,  although  the  resistance  of  the  air  opposes  the 
action  of  gravity  when  the  peudnlun)  is  descending  to  a  vertical  position, 
and  in  consequence  tends  to  prolong  the  time  of  oscillation,  yet,  when  the 
pendulum  is  ascending  on  the  opposite  side,  the  same  cause  conspires  with 
grarity  in  destroying  the  velocity,  and  on  this  accoant  tends  to  shorten 
the  time  of  oscillation.  A  compensation  thus  takes  place  between  every  two 
half  oscillations,  which  restores  the  times  of  tho  whole  oscillfltlons  to  nearly 
a  imifomi  slate,  rendering  necessary  only  the  correction  due  to  the 
amplitude  of  the  nrc.  It  must  be  remarked,  however,  that  this  conclusion 
is  founded  on  an  imperfect  conception  of  the  nature  of  the  resistaac* 
offered  by  the  air ;  for  it  is  assumed  that  the  particles  of  the  latter,  as  eoou 
as  impinged  on,  immediately  afterwards  cease  to  exercise  any  influeinee 
upon  the  motion  of  the  pendulimi,  either  directly  or  by  means  of  die 
H^tation  they  excite  among  the  Burroundmg  particles  of  the  medium. 
Newton,  indeed,  did  not  fail  to  perceive  that  this  view  of  tlie  question  did 
not  aceord  with  the  real  condition  of  nature,  for  he  remarked  that  the  pen- 
dulum while  descending  with  aceelemted  velocity  would  continue  to  operate 
upon  the  partielos  of  the  medium  after  the  first  impact,  tuid  that  the  time 
01  oacillfttiou  would  in  consequence  be  prolonged,  while,  on  the  other  hftnd, 
when  the  pendulum  was  ascending  on  the  opposite  side,  the  coDtitiuit) 
diminution  of  the  velocity  would  allow  the  particles  to  escape  from  a.  sinular 
succession  of  impacts ;  and  hence  the  effect  of  the  resistance  in  tlie  one 
half  of  the  arc  of  oscillatfou  would  not  be  exactly  compensated  by  the 

•    PHnrip. ,  lib.  ii.  prop.  26  et  27. 

f  Jotirnal  de  I'Ecole  FoLylechntquc,  tome  vii. 
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namgODfimg  eSect  in  the  other  half.  It  -krs  genenUlj  cont^idered,  how- 
ww.  ^kfttt  when  the  o&cillationa  are  very  Bmal),  the  disturbance  arising 
tron»  the  resist&nce  of  the  air  was  altogether  insensible.  We  shall  have 
«ccui<m  {iresHsntlj  Ib  mention  &  genes  of  experimenta  vhich  clearly  esta- 
Uisfaed  the  fallacy  of  this  opimon. 

Bat  the  circumambient  air  exeiiois^  on  hcMiies  a  statical  effect,  which  is 
lotftUr  independent  of  the  resiBtance  it  offera  to  their  motion,  8inee  a 
body  immersed  in  a  fluid  suffers  a  diminution  of  weight  equal  to  that  of 
iba  fluid  displaced  by  it,  a  i»eiidulum  will  manifestly  oscillate  more  quickly 
k  a  vacuum  than  it  will  do  in  air.  It  ia  necessary,  therefori?,  in  all  exferi- 
MDti  to  reduce  the  oscillations  to  those  which  would  take  place  in  a 
itonom,  by  computing  the  effect  duo  to  the  weight  of  the  atmosphere  as 
ip&it0d  bj  the  barometer  This  \im  been  termed  the  correction  for  tlie 
(ocytocy  of  the  atmosphere. 

Knmeroua  experiments  were  made  vfith  the  pendulum  in  the  course  of 

llw  last  centui^,  for  the  purpose  of  ascertnioiiig  hy  means  of  them  the 

elliptici^  of  the  earth ;  but,  aa  they  were  not  conducted  with  due  attention 

to  all  thoee  minute  circumstances  which  affeet  such  delicate  operations, 

iIkt  cannot  be  considered  as  worthy  of  any  reliance.     We  have  already 

mentioned  that  expenment^  of  this  kind  may  be  conducted  by  two  distinct 

loetbiMb.     The  length  of  a  pendulum  which  performs  a  certain  number  d 

MCtllatJons  in  a  given  time  (for  example,  the  seconds'  pendulum)  may  be 

dMarmined  in  different  latitudes,   and  the  results  on   being   compered 

lllgedier  will  indicate  the  variatiou  of  gravity,  and  hence,  also,  the  elHpticity 

<f  the  earth.     The  same  object  may  also  be  effected  by  transporting  an 

nraaabla  pendulum   to    different   latitudes,   and  noting  the  nnmber  of 

todUatMrns  which  it  makes  in  a  given  time  at  each  place.    This  is  generally 

COBttdered  to  be  the  safest  mode  of  experimenting,  a^  it  is  independent  of 

liie  ftbfiolute  length  of  the  pendulum,  the  ascertainment  of  which  at  any 

^OBB  is  an  operation  of  extreme  delicacy. 

Boida,  a  French  philosopher  of  great  merit,  was  the  firet  who  deter- 
mined the  length  of  the  seconds'  pendulum  with  suffident  accntscy  for 
OTmififii  purj^oses.  This  step  was  suggested  by  the  measurement  of  the 
gnsiaic  of  the  meridian  of  France,  which  took  place  leewards  the  close 
of  the  laat  century,  and  the  operation  was  conducted  l^"  him  with  consmo- 
nmiB  skill  in  all  its  details.  In  1807.  Biot  determined,  by  this  method, 
the  lengths  of  the  seconds'  pendulum  at  various  stations  of  the  arc  between 
Dankirk  and  Formentera,  and  the  results  obtained  by  him  may  bo  coo- 
nd«red  as  the  earliest  data  of  this  kind  which  fully  deaerred  tbe  confidence 
of  aitnniomers.  This  diutingniBhed  philosopher  afterwards  made  aimilar 
experiiaente  at  various  other  places  in  the  south  of  Europe,  and  abo  at 
Leitb  and  Unst  in  the  British  Isles.  Comparing  together  the  l«iigth«  of 
tb«  aeoonds*  pendulum  at  Un»t  and  Formenteta,  he  obtamed  -j^  for  tbe 
»alae  of  the  earth's  ellipticity.  This  result  ugttm  reiy  well  with  that 
derived  from  the  comparison  of  geodetie  measurBmentST  and  ia  doK»Ules«  a 
»a«y  naar  approximation  to  the  truth.  With  respect  to  other  ataluna, 
howvver,  it  must  be  acknowledged  tl^it  the  resnlta  were  not  in  all  caaes 
equally  satisljictory.  i..  j  »_ 

In  1818,  fresh  interest  was  awakened  in  e^rimentA  of  this  kind  19^ 
Captain  Kater'a  invention  of  a  new  method  of  great  mmxmtj  for  oeiay' 
mining  the  lengtli  of  the  seconds'  pendnlum.  Huygena  nad  alyeaayai»fewi* 
llak,  whatever  be  the  fonu  of  an  oscQlaiing  body,  tbe  eentrea  of  ****|*"**|>» 
and  oedllation  are  convertible.  Availing  Idittgelf  of  ihia  be«itifta  P^J"^  ♦ 
Capcain  Kater  attached  two  poiotb  of  laapaDnon  to  a  peB4d»a*«aa  U«tt 
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hy  Rieaufl  of  •  simple  adjustment  lie  brought  it  to  make  the  same  m 
of  u^illatione  in  a  given  time  from  whatever  point  it  was  i^us;^ 
When  tlfis  took  place,  it  clearly  followod  that  tho  teiigth  of  a  simple 
(luluiu  tiscillatitig  at  the  same  mte  wati  meaiiured  by  the  dbtatic«  oai 
iho  two  poiats  of  bjuspetisioii  *,  Captaia  Kater  abortly  afterward* 
experimeuu  wiih  the  pendulum  at  various  stations  of  the  British 
Ho  employed  a  pcuduliiui  of  a  coiistaut  length  In  all  Iiih  operations, 
determiued  the  xoriation  of  gravity  hy  counting  the  uumher  of  oscUhi) 
which  it  made  at  each  station  in  a  mean  solar  day.  A  comparison  of  tho 
results  obtuinsd  by  him  at  Uust,  in  the  Shetland  Ibles,  and  Duimosc,  in 
tho  Isile  of  Wight,  the  two  extreme  atationa,  gave  yfl^s  ^  for  the  elliptidty 
of  the  earth  f ,  One  peculiarity  of  these  experiments  consisted  in  the  oor> 
rectiou  for  the  altitude  of  the  station  being  different  from  that  hitheztd 
emplioyed.  Dr.  Young  had  previously  remajked  that  this  correction 
in  all  cages  too  gretit,  m  no  accouiit  was  taken  of  the  attractiijii  of  _ 
elevaied  mass  on  nvliich  the  cxpt'riraenta  in  estch  instance  were  made* 
If  we  wero  ntised  on  a  ephoro  iv  tnde  in  diametor,  and  having  a  deuittlj 
equal  to  the  mean  density  of  tho  eartli,  its  attraction  would  be  ahout  ^^fi^tk 
of  the  attraf^tiou  of  the  whole  earth,  and  tho  (correction  for  tlie  elevation  of 
the  fltatioQ,  which  would  be  r^f^f^j^  if  tho  attraction  varied  merely  aixoilling 
to  tlio  inverse  8<pjare  of  the  distance,  would  be  thereby  reduced  to  ^oov 
only  ahtmt  three-fourths  of  the  usual  correction.  Dr.  Young's 
induced  him  to  conclude,  that  if  tlie  moan  density  of  the  ear^  be 
equal  to  §,&,  and  that  of  an  elevated  tract  of  table  laud  to  be  *i,&,  tlie  tno 
correction  will  he  less  than  that  hitherto  employed  iu  the  ratio  of  60  ta 
100.  Tho  uecesi^ity  for  a  change  in  the  uaual  correction,  oti  the  grounds 
Bsaigued  by  the  philosopher  jimt  cited,  cannot  admit  of  (Uiy  doubt:  bat  the 
true  eorreetiuu,  which  it  will  bo  neces>ary  to  ap[dy  in  each  cast*,  will  olvmjnt 
he  liable  to  groat  uncertainty  uu  account,  of  our  ignorance  of  tho  deuaity  of 
tho  elevated  ujasa,  and  tho  exact  coitfomialiou  of  il*(  inaterials.  For  llieae 
reoflynB  it  will  geiiemlly  he  the  *+afest  xsmdv  of  pruceediog  to  perform  ell  tx- 
perisnenta  of  tliiH  kind  at  iuconsiderablo  idlitudt:«  al^jfe  the  kvcl  of  thu  eee. 
In  the  year  1*^17,  Uaptain  Freycinet,  of  the  Fretioh  Navy,  was  hcnt  out 
by  bia  government  on  a  voyage  round  the  world,  one  uf  the  prtni-i|>ai  i<bjecUt 
of  whinli  wa»  to  swing  tito  pfuduhun  in  diU'erL^ot  latitudes.  Eipitriina^utit 
wrro  niudo  hy  bim  at  various  ittations  on  each  tada  of  the  equator^  and  a 
compariiion  of  \m  roisults  gave  ^^Vdn  ^"^^  *^*^  cni]>ticity  of  the  «anli|. 
liiti  countryman.  Captain  Duporrey,  made  a  numhor  of  aimilar  experimente 
in  tho  course  of  an  cxpoditton  of  diacovery  which  ho  oomoanded  in  the 
years  I8'iit-:15.  The  i  Ui[)ticily  aasignod  by  a  comparison  of  hia  reculla 
wraa  7j(jt-f^|j-  A  great  number  of  valuable  oaperinionts  with  inrariabU 
i>enddums  were  made  by  Captain  Sabine f  in  diflbreut  part*  of  tlje  world, 
lie  tibtuinod  -^^-x  for  tho  ellipticity,  as  the  Hufil  reault  deducible  from 
ibeni.  Kx[)6nmt*nta  with  invariable  poudulnms  hava  alito  Ijeen  made  by 
Guldinghain**,  at  Madras,  and,  by  hia  dircciioiiii.  at  a  amall  iijlandl  in  tbo 

«  Phil.  Tnuu.  Idia  f  tbiil.  10ia  i  Ibiii  1S)0l 

I  Tikis  i*  ilic  vaJiic  of  (be  clliptk:ity  wlncJi  Mr.  Bmly  deduced  from  Freycin«t1i  ol 
taXumt  aflnr  nirijiyiiijif  to  illicit  Uil;  truv  cgrrtH'iiun  tut  iha  reduclloii  to  a  vacuuib. 
Mfm,  A*t.  Sttc.,  voL  v\L    Pur  in  it-coitnl  of  Kn^ydnct'i  eipefimciiti,tie  V<jafft  mt 
dit  M^imlt.     Pnrii,  im5. 

II  'VhU  routlt  i»  alau  Uuil  of  Mr.  Billys     For  an  acicuunl  of  JJupemy'i  wpimiwaiitot 
•C«  Ibo  Coiumiitamt  dt*  Tempt  for  ISsD. 

H  Acwoual  of  eaperituciita  fur  the  [)Ur|>g«c  vf  dctcnainiiig  tb«  Hgun  of  Uw  }Ei0^ 
t/ondon.  )829. 
••  Phil.  Tnuw.  I«>± 
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,  Oee&n,  almost  under  tlie  equator ;  by  Hall  *,  at  various  places  iii  the 

!  Ocean ;  by  Sir  Tbornaa  Brisbn^e  t,  at  New  South  Wales ;  by  Foster  t, 

It  Port  Bowen,  in  the  North  Seas ;  by  Fallows  §,  at  the  Cape  of  Good  Hope : 

mi  br  Leutke![,  au  officer  iti  tlje  Rusataii  navy,  at  S8¥eral  places  in  Loth 

bimtpheres-    In  IS'itJ.  Bessd  determined  die  length  of  the  seconds'  pendu- 

lam  is^ith  great  nccuracy  by  ii  new  method.    Having  fixed  two  points  of  sub- 

pensioB  in  &  vertical  po:§itioti  with  respect  to  each  other,  he  suspended  from 

Mb  of  tliein  a  spherical  ball  bj  a  line  wire.    The  distance  between  the  two 

peoilB  of  Buspenaton  vtrsA  entirely  arbilraiy.    Besael  made  it  exactly  equal  to 

likA  FentTian  taise.     The  two  pendulums  when  in  a  vertii-al  position  wcro 

efBilly  depTCBsed,   and   therefore  the  difference   uf  their   lengths    waa 

aaifftfed  by  the  distance  between  tho  points  of  Buspeusion.     The  depres- 

NM  of  the  lowest  parts  of  the  surfaces  of  the  halls  to  the  same  level  wis 

dfocted  by  means  of  a  delicate  nppumtue,  termed  the  lever  of  contact. 

FmB  ajt  approximate  knowledge  of  the  lengths  of  tlie  pendulums,  it  was 

Wf  to  derive  the  correclion  due  in  each  ca^e  to  iho  spherical  form  of  the 

bull    Hence,  tha  diflereoce  of  the  lengths  and  the  difterenee  of  the  cor- 

iwtMSM  being  given,  the  difference  of  tUo  lengths  of  the  simple  penduluros 

tmMponding  to  the  two  j>oiuLs  of  BUHpeuKion  wiis  readily  assiguabie. 

Agna,  fay  counting  the  number  of  oscillations  performed  in  a  given  time 

pendulum,  the  ratio  of  the  leugtbti  of  the  simple  pendulunm  was 

daed.     By  meaue.  of  theae  two  data,  Bessel  was  enabled  to  com- 

ftl»otote  length  of  uacli  of  the  aimple  pendulums.     Thii^  method 

fdtliemuning  the  length  of  the  secoDds' pendulum  is  generally  considered 

be  BUHceptiblo  of  greater  precision  than  any  other  which  has  beeu 

davised  for  the  i^ame  purpose. 

While  Bessel  was  engaged  in  the  experiments  just  referred  to,  he  din- 

^ireied  that  the  U8iial  correctiDU  for  redncittg  the  oscillations  of  a  pendulum 

Jt#'^RKiium  were  erroneous  to  a  con&iderablo  extent.     This  important  fai:t 

It  announced  by  him  in  a  memoir  which  appeared  in  the  volume  of 

tl»»  Btriin  Aeadgmtf  of  Sci^ticcs  for  18*2<l.     He  established  its  reality 

jkeyond  dispute ;  first,  by  swinging  two  peuduluma  in  lur,  one  of  brass  and 

ether  of  ivory,  and  then  by  (swinging  the  sumo  brass  pendulum  id  air 

id  in  water.     It  appeared  from  bodi  experiments  that  the  retardation  of 

t^endiiliim  osciJluttug  iu  a  fluid  medium  waa   greater  than  had  beea 

itijertfi  imagined.     In  the  one  case  he  found  that  the  true  correction  for 

lacing  the  of^itlatione  to  a  vacuum  exceeded  the  correction  usually  om- 

I'jred  in  the  proportion  of  l.!l5tJ  to  1  ;  and  in  the  Other  casje,  in  the  pro- 

srtiou  of  !.fl*25  to  1.     }l&  attsmpted  to  account  for  this  increase  in  the 

it  of  retardation  by  ascribing  it  to  the  influence  of  a  coating  of  wir, 

i,  aooordiug  to  him,  ailheres  to  the  pendulum,  and  if*  driigged  along 

lilli  it  during  its  motion.     Thp  ma^s  of  the  pendulum  being  enlarged  by 

addition,  while  tho  moving  power  remains  the  same,  it  is  clear  that 

w  accclerativo  ft.»r<'e  of  etu-b  partitde  will  be  less  intense  than  it  would  be 

a  vacuum,  and  that  a  diminution  of  motion  will  ensue  as  a  necessary 

Utiejice.     It  is  sjingular  that,  as  early  as  the  year  1780,  Da  Hunt,  a 

etperimentalist,  recognised  the  existence  of  thii>  retardiilion,  and 

[ttPB  endesrcured  to  give  an  explanation  of  it'i  physifral  origin ;  but  it 

|lppca»  to  have  entirely  escaped  tho  notice  of  all  philosophers  until  the 

I  I^riod  «f  Its  rediscovery  by  BestieL 

'  PkJLTninfc  1823.  i    Ibid.  1B'2:I.  J  Ib!d,  1826,  §   Hud.  1830. 

I  Mteu  Acvt  eii;&  Sciences  de  Su  P^tsr^buFg ;  see  alto  Pbil.  Mog.  If0i. 
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The  reBearches  of  the  (istroaomer  just  metitioned,  being  mixed  np  with 
theoretical  views  ivhich  were  not  dearly  eslabliahed,  the  Board  of  Longi- 
tude of  thifi  cquutry  resolved  to  submit  the  quesdon  to  the  issue  of  diraet 
experiment^  by  {swinging  the  same  penduluin  bolh  in  air  and  in  a  \'acuiini. 
The  operations  for  this  purpose  were  executed  with  great  care  by  Colonel 
Sabine,  at  tlie  Royal  Observatoiy  of  Greenwich,  in  the  year  1838.  The 
mean  of  his  results  gave  lO.SU  as  the  excess  of  the  number  of  oscillations 
in  a  mean  solar  day,  made  by  a  pendulum  swuiging  in  vacuo  over 
corresponding  number  of  oscillatiotis  made  by  the  same  pendulum  gwju 
in  air.  The  old  correction  for  the  buoyancy  of  the  atmosphere  gave 
6.26  oscillations.  It  fulloned  then  that  the  coefficient  for  the  r^uo- 
tion  to  a  vacuum  should  be  increased  in  the  proportion  of  1.G65  to  l». 
Mr.  Bnily  shortly  afterwards  repeated  these  experiments  ^vith  a  grett 
variety  of  peuduhims  and  arrived  at  results  of  a  similar  characterf.  TImi 
amount  of  retardation  ditTered  with  tlie  peDdulum  employed  in  th» 
experiment,  and  wan  found  to  depend  mainly  on  its  form  and  extent  of 
BUifflce.  It  appeared  also  that  the  air  was  dragged  rhiefly  by  the  piurt4  of 
the  surface  which  were  perpendicular  to  the  plaue  of  motion,  and  tbit  only 
A  small  quantity  adhered  to  the  sides.  Sir.  Baily  clearly  shewed  tbitt  the 
true  oorrection  con  only  be  determined  with  precision  by  means  of  direct 
experiments  with  each  particular  penduluui  ]. 

The  usual  correction  for  reducing  the  oscjllations  of  a  pendulum  to  A 
vacuum  having  thus  been  demons  tinted,  by  evidence  of  tht;  most  ii^|ta 
putable  character,  to  be  too  smalt,  it  followed  that  all  the  resukiii  wliich  ^^H 
been  derived  from  experiments  hitherto  performed  were  more  or  nV 
erroiieoua.     When  the  question  relates  to  the  determiualiou  of  the  figitre 
of  the  earth,  the  en^r  depending  on  the  imperfect  reduction  is  inaeed 
small :  since  in  this  case  the  riirintivn  of  gravity  at  the  i^urfaee  of  tha 
terrestrial  spheroid,  and  not  its  absolute  intensity,  forms  the  subject  of 
research;   but,  as  in  delicate  inquiries  of  this  nature  the  most  miuute 
circumstance  must  be  taken  into  account,  the  true  correction  haa  be«n 
employed  in  dl  subsequent  reduciions. 

The  most  extensive  series  of  experiments  with  Ihe  peudulum  which 
have  been  made  by  any  individual  are  due  to  the  late  Captain  Foster,  who 
commanded  a  scientific  expedition  which  was  sent  out  to  the  ^^outh  Sets 
by  the  Government  of  this  country  in  the  year  18iJ9.  This  talented 
officer  having  unfortunatt^ly  been  drowned  a  little  before  the  time  appointed 
for  the  return  of  the  expedition^  his  papers,  upon  being  brought  to 
Bnglaod,  were  put  into  tlie  hands  of  the  late  Mr.  Baily,  who  drew  up  « 
detailed  account  of  them,  whii^h  is  contained  in  the  seventh  volume  of  th«» 
Memoirs  of  the  Aaironomicttl  Societf/,    The  experiments  were  made  at  four- 
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•  PliH.  Trans.  lifiO. 

t  Pvmaa  lu»  uioiieed  9  dill^i^nt  opiniun       ...  .   ,  _ 

«9lt«alKM|i.  Ho  QODiMen  tbd  tbc  iucc««»jvc  iinpuLsci  uf  iU«  \->cni\uhm  wouJSl  fiv* 
to  ilterMle  (xwlmotioai  atid  expmsiaiu  of  tlt«  tuiruuiuilng  ractlJuiD,  whence  the  ] 
of  tbo  laHer*^  tbdr  rcictinn,  rould  ii»t  fki]  to  produt.fi  k  leiuibic  ellWH:  on  tim 
OMJlbitioa.  Tm  conectlon  U  tfaui  made  to  depend  on  the  reticlntice  oflbred  to  tbe 
I  urn  bj  the  aerut  medium,  (he  mdde  of  action  bein^  canndenrd  in  itt  iao«(  tbaoluH 
chcntrtcr,  and  independenliy  of  aivy  ■Mtmried  relation  b«tweeu  the  mul«im  And  tlw 
VftiKiily.  Proceeding  upon  tliis  pnndpU',  Poi»on  kai  inveetlKttcd  ihfl  eorriM'lioii  hym 
priifiiitfld  Mit«|yBi«,  and  haa  arrtvt-J  al  Rfullj  dhich,  m  M>me  Tnatancn,  irv  conflrmpd  hf 
diraot  exKrimenl.  S««  Mim.  dttlnMtitm,  tonvo  xi.,  or  tho  Ontnttiitmnct  dm  Ttmm*  tat 
I8M.  Thk  vkiw  of  tha  uibjfot  Imh  iJ«o  been  adopted  hy  Plana,  Str  John  lltfigfaX  orf 
Mvinl  olbtr  eaunent  piiikwopbeiii 


diBferent  stations  mcludefl  between  in".38'  north  latitudo  and  6:4',6tJ' 
latitude.  All  tbe  delaik  of  these  experiments  appear  to  have  been 
eoauliicted  with  the  most  scriipulous  regard  to  ficcuracj,  and  the  results 
diflBerre  to  be  classed  among  the  uiost  valuable  data  we  possess  for 
det.6TTiiiiiLDg  the  ellipticity  of  the  earth  hy  means  of  the  pendulum.  Mr. 
Bailj  obtained  ir^^  xir  ^°^  ^^^  value  of  the  ellipticitj  dls  the  final  result 
d^ncible  from  Captain  Foster's  experiments.  He  also  arrived  at  an 
"  pticity  eqital  to  -jTnr.^HT' k>*  combining  together  the  results  of  all  the 
rinients  hitherto  made  with  iovariable  pendulums.  Tliese  evahiationa 
Tery  nearly  with  each  other,  and  also  with  that  due  to  Colonel 
inc.  whose  experimeuts  were  more  extensive  than  those  of  any  other 
WjKger,  previous  to  Captain  Foster, 

The  experiments  with  the  pendulum  generally  agree  in  a§signing  to  the 

ayth  an  eUJpticity  somewhat  greater  than  that  derived  from  the  com- 

fttriaon  of  arcs  of  the  meridian.     In  the  one  case  the  ellipticity  may  bo 

aaad  to  b«  -^^ ;  in  the  other  tmse  only  -j^.     The  perturbations  of  the 

moon  a^n  indicate  an  elHpticity  equal  to  -^j^^.     The  agreement  of  the 

teoond  and  third  of  these  values  is  suUiciently  satisfactory.     It  in  difficult, 

bowever,  to  account  for  the  discordance  of  the  fii^t  and  second ;  and  also 

for  the  anomalies  which  present  themselves  in  some  instances  when  only 

two  arcs  of  the  meridian  or  two  experiments  with  the  pendulum  form  tlie 

groimd.a  of  eomparison.    The  results  of  recent  geodetic  operatiooe  concur 

la  thewing  that  the  meridional  auomaliea  are  mainly  attributable  to  tlie 

«flK(S  of  local  disturbauce,  and  that,  when  the  amount  of  this  diaturbance 

caa  he  in  any  case  independently  ascertained,  and  then  eliminated  from 

the  measoremenLs,  the  comparison  of  the  latter  may  be  satisfied  by  au 

lUmcicity  a  litUe  greater  than  ^^j^jj*.     With  reference  to  the  anomalies 

itmll  occur  id  pendukim  experiments,  it  appears  that  the  results  generally 

Jajiote  the  intensity  of  gravity  to  be  greater  on  ielandis  than  on  cou- 

tinatfs,     This  is  partly  explained  by  the  greater  density  of  islands  which 

■»  frequently  of  volcanic  origin;  but,  on  the  other  hand,  it  is  not  to  be 

denied  that  the  density  of  the  surrouttdlng  ocean  is  considerably  less  than 

the  mean  density  of  the  eanh,  and  therefore  ought  to  produce  an  effect  of  an 

kind.     Much  doubtless  will  depend  on  the  depth  of  the  ocean  at 

<»  place  where  the  e.\perinients  are  made,  and  the  nature  of  the  stratum 

m  which  it  rests ;  for  it  must  be  borne  in  mind  that,  although  Olatraut's 

rem  allows  the  density  of  the  terrestrial  spheroid  to  vaiy  from  one 

■tdtuni   to  another,   according   to  any  law  whatever,   it  stipj>OHe9   the 

dttnity  to  be  uniform  throughout  each  stratum.     The  inOuence  exercised 

experiments  with  the  pendulum  by  the  geological  character  of  the 

b*trfli-um  was  first  remarked  by  Colonel  Sabine. 

When  we  consider  bow  difficult  it  is  to  form  a  just  estimate  of  the 
irregularities  of  the  earth's  surface,  and  the  variations  in  the  density  of 
the  exterior  stratum,  we  have  ample  reason  to  be  surprised  that  the 
inomaliea  we  have  been  referring  to  are  not  greater  than  they  really  are. 
"1/  the  form  of  the  earth's  meridian,"  says  Mr.  Airy,  "were  traced  on 
ptper,  the  nicest  eye  would  be  unable  to  distinguish  it  from  a  circle.     The 


*  Some  idea  of  th&  effect  of  locd  di«turbatice  may  be  fi>rmcd  when  wc  Mate  tbnt,  at  the 
lUliOii  of  Bttnug,  within  G.fty  tailea  of  the  Himatayah  Mountains,  Colonel  Everest  found 
dte  ditfefence  between  the  computi^d  and  obier'v'cd  azimutlts  to  nmount  to  as  much  u 
Vf',i5iR.  It  h  true  that  the  mcaaiirerncnt  of  azimuth  angles  is  the  most  d(?licale  part  of 
(Bodelic  tiperations ;  but,  in  the  present  imtance,  Ihr  discrepancy  manifestly  exceed* 
tikt  prtdtible  error  of  obsenatJon. 
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ellipHcity  is  go  smnll  that  tlie  closest  inspectimi  without  measoji^ 
judge  whidi  was  intended  for  the  great f>r  and  which  for  the  imidltr 
The  whole  qiiantitj  in  dispute  is  leas  tbnn  oiie-sixteeuth  of  this  ellipticity, 
Itistaid  q(  heing  gitrprii^ed  that  such  a  difference  exiats,  we  mny  veil  b^ 
aatfmished  at  the  accuracy  of  modern  meiisur&s  of  all  kinds,  wliicli  lu^ke 
BO  small  ft  quaiilitj  a  subject  of  controversy.*'* 

As  soon  ae  a^lronomcrs  were  pci^uaded  that  the  principle  of  gravitAtion 
extended  to  the  constituent  parts  of  the  celestial  bodies,  it  became  an 
interesting  question  to  ascertain  -^'hether  the  attraction  of  maases  at  the 
eartliB  surface  e^ccirted  any  appreciable  influence.  The  iirst  atttimpt  to 
establish  thia  feet  waa  made  hy  Houkuci*  finfl  I'i^  oAsocintes,  while 
engaged  in  mea-suiing  i*n  arc  of  the  rnerictian  in  South  Atiierim.  Astro- 
nomical ohsprvationa  having  been  nmde  in  the  nei<fh  hour  hood  of  the  lofty 
inomitaiu  Chitdborazo,  it  wna  found  that  the  fltlrncfion  of  the  latter  caiijied 
the  plumb  line  to  deviate  towards  it  to  the  extent  of  7 ".5.  This  result 
was  so  far  confimialory  of  the  Newtonian  theory ;  hut  it  was  genendly 
admitted  that  the  experiment  had  not  been  made  with  sutVicieiit  care  to 
merit  the  confidence  of  aHl:rotjoniers.  The  question  wa!^  not  mootrd  ogaiti 
until  177!i,  when.  Dr.  Maf^kelyne  having  Buggestcd  the  ref^tiiion  of  the 
experiment  to  the  Royal  Society,  it  was  resolved  by  tlmt  body  that 
immediate  steps  should  bo  taUoii  to  carry  it  into  elTect.  The  mounliiin  of 
Schehallien,  in  Perthshire,  was  geleete'd  nfi  olTuring  peculiar  advantagoe 
for  thia  purpose.  It  is  a  narrow  ridge  running  nearly  east  and  west,  and 
rising  to  an  elevation  of  aboitl  !iD(iO  Ibet  above  the  level  of  the  aurroidnd- 
ing  country.  Tho  mode  of  proceeding  employed  in  the  I'xperimcnt  waa 
tills: — {wo  stations  were  selected,  ono  on  tlie  north  side  and  the  other  cm 
the  south  side  of  the  mountain  ;  and  the  difference  of  their  latiUidea  was 
determined,  first  hy  means  of  astronomicAl  obfiorvationB  nt  each  station, 
and  then  by  means  of  the  nieridionnl  distaneo  iKctween  the  two  stations, 
and  certain  assumed  elements  of  the  earth's  figure.  Now  it  is  clear  that 
the  flttraotion  of  tbe  raoimtflin  would  compel  the  plumb  line  to  devjaln 
from  its  vertical  jKisltion,  and  would  thfn'chy  ncca^sion  a  displacement  of 
the  zenith  point  opposite  in  direction  at  each  station.  Hencfl  the 
diJlVrence  of  latitudes  as  determined  by  astmuomical  observntjuu  ought  to 
exceed  the  difference  resulting  from  geodetic  compulatiou  by  the  sum  of 
the  displacementft  of  the  zenith  points  :  and  thia  latter  quantity  is  toani- 
festly  the  mea-sure  of  the  fium  of  the  attractions  exerted  by  the  mountain 
at  the  two  stations.  Now  the  Kenith  distances  of  a  certain  number  of  stars, 
having  been  determined  at  both  stations,  were  found  h)  indicate  a  difference 
of  latitude  amounting  to  54". 0.  The  meridional  distance  between  tljo 
stations,  as  computed  l)y  a  process  of  tiiangulation,  was  43134,4  feet,  and 
the  dilference  of  latitude  lienco  deduced  was  4S".fl.  The  resulting 
ditferencef  II ".7,  was,  therefore,  the  quantity  due  to  ihc  attraction  of  the 
mountain  at  tlie  two  stations.  Thus  it  was  established  by  actual  ex* 
periment  that  the  principle  of  gravitation  operates  not  only  between  the 
bodies  of  the  solar  system,  but  also  between  the  smaller  masses  of  matter 
of  which  they  are  composed. 

An  intcrestiug  question  suggested  by  the  experimeni  jiii^t  ullnded  to  is 

'"that  relative  to  the  mean  density  of  the  earth.    It  ia  clear  that,  if  we  knew 

tho  quantity  of  matter  contained  in  the  mountain,  this  dtilnm,  combinetl 

ivilh  thti  ratio  of  tho  atti'ox.'tion  of  the  mountain  to  tlint  of  tbo  earth,  as 


Encjfcl,  Mctrop,,  Ari,  Figure  of  Ihc  Ew(h. 
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led,  hr  the  ftrecediiig  experiment,  wotild  otiat^Ie  us  to  a£C€'rtain  the 
mast  of  the  earth ;  And,  the  volume  of  the  latter  being  atreadj 

I,  we  might  beuce  deterinme  its  mean  density.  The  mass  of 
finhrhillirn  mu  determined  by  computing  its  volume  trigono  mot  deal  ly, 
md.  ■■wiiiiliifl  Its  meaii  density  to  he  two  and  &  half  limes  the  density  of 
|«ie  mier.  The  final  re&ult  was  that  the  mean  density  of  the  ewrth 
mif^  1m  ocmsidered  equal  to  four  and  a  half  timca  tlie  density  of  pore 
tMIK*.  The  astfonomtcal  obserrfttiuns  connected  'wUh  this  famous 
ayeffancet  i^ere  made  by  Dr.  Maskelyiie,  aud  tho  laborious  calculations 
to  viucfa  it  gave  riea  were  executed  by  Dr.  Ilutton.  Playfair,  having 
nlMeqtiexiiUj  aBcertained  by  experiment  the  dendtJes  of  the  diflerent 
■itlCMlIa  oomposiiig  the  mountain,  and  also  their  poi^itions  relative  to  the 
tmnjAtcUB  of  obaerrationt  arrived  at  the  eonclusion  that  the  mean  density 
if  tM  euth  is  contained  between  4.80T  and  4.551^  the  mean  density  of 
ftttv  tmitfer  being  supposed  e<]ual  to  tmity.    This  gnve  4.71,3  for  the  mcim 

SwHl  aitenrards  an  attempt  iros  made  upon  a  much  ffraaller  seal£*  to 
■oeOBplbb  the  ohjeet  sought  for  in  the  Schenallien  experiment,  hy  means 
of  m  Appftratufi  termed  the  torsion  balance.  It  consisted  essentiidly  of  a, 
4«al  rod  sospendtiid  by  a  fine  wire  and  leaving  two  lenden  hilh  about  two 
in  diameter  attached  to  its  extremities.  Two  leaden  spheres 
eight  inches  in  diameter  were  then  brought  near  the  Hmaller  ones  on 
flMositit  sides  of  the  rod,  and  their  nllrBCtiou,  combined  nith  the  torsion  of 
iMiHre,  produced  an  oscillatory  horizontal  motion  of  the  i-od  on  each  side  of 
t  poatlion  of  etjuiUhrium.  Now  the  extent  and  the  time  of  oHctlhilion 
mftoAt  c^titria  jtariliUM,  On  the  rektive  intensities  of  the  acting  forces,  or, 
b  atbor  irards,  on  the  torsion  of  the  Tvire  and  the  attraction  of  the  sphfiiri^'s. 
Ecnoe,  if  tlieae  two  elements  be  detertnined  by  observation,  we  shall  lio 
•Mblcdl  to  ftsrertrtin  the  intonsitjfg  of  the  two  forer ¥i,  and  to  cfimpare  the 
iOgKtion  of  tiie  spheres  with  the  earth '^  attraction,  as  indicated  bytheo^cil- 
of  a  vertical  pendulum.  Finally,  since  we  know  the  quantity  of 
coiilaini!^  in  tlie  spheres,  we  can  arrive  at  tlie  quantity  uf  matter 
<Mld3a^  in  tbft  earth  ;  and.  knowing  its  vohimo,  we  may  hence  derive  itn 
Mta  den$t^«  This  delicate  apparatus  was  originally  devised  by  Mtcliell, 
lotve  owe  to  Cavendish  the  lirst  application  of  it  to  the  detennination 
of  the  mean  density  of  the  earth.  From  seventeen  experiments  made 
rith  it.  that  jthilosopher  concluded  that  the  mean  density  of  llie  earth  k 
.1^,  tiiat  of  water  being  nnity  1. 

Iti  183fi.  M.  Keich,  of  Freiburg,  repeated  Cavendish's  experiments; 
[Ihe  only  difference  being  that  he  used  one  hall  instead  of  two.  The 
^tiertge  of  all  his  results  gave  him  5.438  for  the  mean  density  of  the 
««Tth,  By  far  the  most  valuaVdo  experiments  that  have  been  made  with 
iJirt  tttTsion  balance  are  dno  to  the  late  Mr.  Daily §,  They  were  conducted 
•t  thfl  pahlic  expense  upon  a  recommendation  to  that  etTect  Imving  been 
ina&t  to  the  Government  by  the  Astronomical  Society;  and  they  e.\tended 
Wif  the  whole  period  comprised  between  October,  1838,  and  May,  1843. 
the  final  result  deduced  by  Mr.  Baily  was  that  the  mean  density  of  tine 
t«nh  i«  equal   to   5.660  [].     This  may  be  considered  as  the  neaitst 

'  PJiil.  Tn»m.,  1"7<).  f  PHil.  Trau*.  J 81  J. 

PWL  TiUM.  mm.  ^  Bum  at  Newbury,  1774  ;  ilicd  in  London,  1844, 

Mho.  A«L  Soc,  vol.  xtr. 


100 


HT8T0HT  OP  PHTSICAL  ASTRONOITr. 


approximation  to  the  truth  which  has  yet  been  arrived  at  bv  philosoplu 
Ii  is  remarkable  that  Newton  conjectured  that  the  mean  density  of 
earth  is  about  five  or  six;  times  the  density  of  waterf. 

The  SchehalUeti  experimeiit  for  determining  the  mean  density  of  the 
earth  is  purely  statical ;  on  the  other  Imud,  the  experiment  with  the 
torsion  balance  is  founded  on  dynamical  principles,  being  in  feet  a  caso  of 
the  horizontal  pendulum.  The  vertical  pendulum  has  also  been  em- 
ployed for  a  Birailar  purpose.  The  attraction  on  the  top  of  a  high 
mountain  may  be  decomposed  into  two  parts  ;  one  of  which  is  the 
attraction  at  the  level  of  the  sea  diminished  in  the  inverse  ratio  of  the 
square  of  the  distance,  and  the  odier  is  the  attraction  of  the  mountain 
itself.  Hence,  if  the  intensities  of  gravity  on  the  mountain  and  at  the  level 
of  the  sea  be  determined  by  observation,  the  difference  of  the  two  foiT«§ 
will  indicate  the  attraction  due  to  the  mouutain,  and,  by  a  process  similar 
to  that  employed  in  the  Schehalliea  experimeut,  we  shall  be  enabled  lo 
ascertain  ilie  mean  density  of  the  earth.  E.\periments  for  this  purpose 
were  made  by  Carlini  at  the  hospice  of  Mount  Ccnis,  which  haa  an 
elevation  of  6375  feet  above  the  level  of  the  seai  and  the  conclusion  at 
which  he  an'ived  was  that  the  menu  density  of  the  earth  is  4.39,  that  o( 
water  being  unity. 

We  have  mentioned  already  that  D'Alemhert  succeeded  in  accoonting 
completely  for  the  motion  of  the  earth's  axis  in  space,  arising  from  thesctioa 
of  the  sun  and  moon  upon  tiie  redundant  matter  aeoumulated  round  the  equa- 
tor. It  still  remained,  however,  for  geometers  to  ascertain  whether  the  dis- 
turbing forces  affected  the  position  of  the  axis  relative  to  the  surface  of  th* 
terrestrial  spheroid,  or  whetlier  they  oceasioned  any  change  in  the  Telocity 
of  rotation.  Obsen.'ation,  indeed,  gave  a  negative  answer  to  both  of  thsao 
questions ;  for  neither  the  hititudes  of  places  on  the  earth's  surface  nor 
the  length  of  the  day  appeared  to  have  undergone  any  variation  from  the 
earhest  period  of  history.  It  was  desirable,  however,  to  establish  these 
facta  by  demonstrative  reasoning  fotmded  on  the  theory  of  gravitation ; 
for,  iu  the  absence  of  such  conclusive  evideuce,  there  existed  no  grounds 
for  supposing  that  the  position  of  the  axis  and  the  velocity  of  roLation 
might  not  be  affected  by  seculai'  inequalities,  which,  though  slow  iu  their 
developement,  would  in  the  lapse  of  nges  become  sensible  by  continual 
accumulatiou.  If  the  axis  experienced  any  such  displacement,  the 
position  of  the  equator  would  be  constantly  ehifting  with  inconceivable 
slowness,  and  the  sea,  by  always  flowing  towards  the  new  position  to 
restore  the  equilibrium  of  the  particles,  would  eventually  occtision  a  total 
change  m  the  relation  of  land  and  water  on  the  earth's  surface.  It  is 
clear  also  that  the  latitudes  of  places  wotild  be  ultimately  affected  by  the 
displacement,  and  hence  would  ensue  a  corresponding  alteration  pf  the 
seasons.  Poisson  first  examined  this  point  with  all  the  attention  due  to 
ltd  importance.     In  an   admirable   paper,  which  was   published  in  the 

*  Nolwitlmtanding  at)  the  precautions  used  by  Mr,  Bv\y,  he  found  that  the  resting 
points  of  the  liaUs  and  tlie  times  of  oscilliition  were  fubjeet  to  disturbances,  ihe  cause  of 
which  he  was  unable  tn  explain.  In  (he  Philosophieal  Transadians  for  1847,  itiew  it  ■ 
paper  by  Mr,  Heme,  of  tne  Royal  MiUtarj'  Colfcfre  of  Sandhurst,  in  wliicli  he  nttempli 
to  account  for  tlieac  anomaltea  by  the  supposition  of  a  magnettc  state  of  (he  massea  tod 
halli. 

t  Vertsimile  sA  qu^  copia  mBtcrie  totius  in  Tenra  quMi  autuluplo  vel  iexluplo  nia|ar  lit 
q^uam  sit  tota  ex  ;iquji  constar^L  — Pnncip.,  lib,  iU,  prop.  Wt 
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•Memoirt  of  the  Academy  of  Science  for  1824.  be  has  shewn  tlmt  the 
^bturbiDg  forces  of  the  sun.  auJ  moon  cannot  produce,  in  the  variables 
vldch  detennine  the  relative  positiou  of  the  earth's  axi»,  any  secular 
iiieqci«liti«3  which  might  ultimately  become  seusible.  He  ako  found  that 
tine  Telocity  of  rotation  could  not  be  sensibly  affected  by  the  same  cause  ; 
ffbenee  it  followed  that  the  length  of  the  sidereal  day  is  not  subject  to 
•nj  vmiiati c»n  depending  on  the  action  of  the  sun  or  moon. 

The  concltiston  at  nhich  Poisson  arrived  h  fully  borne  out  by  an  examina- 
tioo  of  ancient  eclipses.  It  ia  clear  that,  if  the  diunial  motion  of  the  earth 
be  Tuiabld,  the  period  comprised  between  two  surceasive  returns  of  a  star  to 
the  Stae  posltiou  relative  to  the  horizon  cannot  constitute  a  fixed  standard 
ol  time ;  aud  conseqaently  the  interval  between  the  present  time  and  aiiy 
Tesiote  epoch,  when  expressed  in  terms  of  the  sidereal  day  as  determined 
hj  modem  observation,  will  not  corrcsspond  to  the  number  of  revohiiious 
nkieh  the  earth  has  actually  acconipli^^hed,  as  iudtcated  by  historical 
raooTd«.  It  will  follow  al^  that  if  tlie  diurnal  motion  constantly  van-  in 
tbe  nine  flirection,  the  difierence  between  the  compelled  and  the  historic 
tpoehs  will  increase  with  the  lapse  of  time.  We  may  therefore  conclude 
that  the  places  of  the  planets,  when  computed  for  any  remote  epoch  by 
Bttipsof  the  modem  value  of  the  sidereal  day,  will  differ  from  their  actual 
pUcti  as  assigned  by  the  recorded  observations  of  astronomers  :  and  this 
difference  will  he  more  considerable  for  the  moon  than  for  any  other  body, 
oa  aecoant  of  her  rapid  motion.  Now,  if  the  rotation  of  the  earth  is 
rttlly  invsriAble,  the  longitudes  of  the  aun  and  njoou,  when  computed  for 
■ny  ancient  lunar  eclipse,  ought  not  to  differ  from  t^O"*  by  a  quantity 
grcAter  than  the  sum  of  their  semi -diameters,  and  the  ditference  may 
natBnlly  he  expected  to  be  in  many  cases  much  less.  In  the  Con- 
ttamoHct  dta  Tempt  for  1600,  there  is  a  paper  by  Laplace,  containing 
csJcuktions  of  this  nature  for  27  eclipses  recorded  by  the  Ch&ldeans, 
Gre^'ks.  and  Arabians,  and  the  results  in  all  insitances  go  to  prove  the 
innoiabiiity  of  the  sidereal  day.  The  greatest  quantity  by  which  the 
diataftoe  between  the  centres  of  the  sun  and  moon  differs  from  180", 
•Booote  to  *-i7'  41'',  and  relates  to  an  eclipse  which  happened  in  the  year 
W8  A.C.  Even  this  difference,  however*  falls  short  of  the  sum  of  the  solar 
40(1  lunar  setoi-diameters,  and,  therefore,  does  not  preclude  the  possibility 
of  au  eclipse  having  taken  place.  It  is  cleiir,  then,  that  the  length  of  the 
lidtrual  day  is  not  subject  to  any  sensible  inequalities,  since  the  conclusiona 
dedocible  from  the  supposition  of  its  being  coni^tant  accord  so  well  w^ith 
obtrvaiioD.  In  order  to  illustrate  this  interesting  fact  more  fully,  Poisson 
iflomed  that  the  length  of  the  day  had  diminished  l>y  a  ten^milliouth  part 
Van  the  most  ancient  of  the  Chaldean  eclipses,  which  happened  in  the  year 
4i0j>.c.:  and  then,  calculating  the  longitudes  of  the  sun  and  moon  for  that 
*foeh,  he  found  them  to  differ  from  180"  by  34'.  This  quantity  being 
ptilar  than  the  sum  of  the  aemi-diameters  of  the  two  bodies,  is  incom- 

^^6  with  the  occurrence  of  an  eclipse,  whence  it  follows  that,  during 
li|ae  of  2500  years,  the  length  of  the  sidereal  day  Ims  not  altei*ed  by 
•0  miKh  as  the  ten-oiillionth  piiit. 

An  iDteresting  question  which  Laplace  first  considered  in  connexion 
*idi  the  length  of  the  sidereal  day,  is  that  relating  to  the  mean  temperature 
rf  the  6arth.  Various  facts  concur  to  strengthen  the  opinion  that  the 
Mttibmaorigiiially  afluid  mass,  which  subsequently  becaiue  solid  by  a  pro> 
9mot  cooling,  which  is  even  still  going  on.  This  gradual  diminution  of 
(^{lenUure  l^ing  necessarily  accompauied  by  a  corresponding  diminution 
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of  the  earth's  mass,  the  particles  composiiag  tbe  latter  will  all  in  con- 
sequence approach  nearer  to  the  axis.  Now,  it  follows  immediately  fmm 
a  well-known  principle  in  Mechanical  Science,  that  when  a  body  is  endued 
with  a  rotatory  motion,  and  ia  not  exposed  to  the  action  of  any  eitraneotw 
forces,  the  piincipal  moment  of  inertia,  or,  in  other  words,  the  sum  of  the 
producta  formed  by  multiplying  each  particle  into  its  angular  velocity  and 
the  square  of  its  distance  from  the  axis  of  rotation,  is  a  coDBtant  quantity. 
The  number  of  particlea  then  remaining  the  same,  if  their  distances  from 
the  axis  be  diminished,  their  atigalar  velocities  must  be  increased,  and 
vice  versd.  Hence,  if  the  dimensions  of  the  earth  be  in  a  state  of  con- 
traction from  cooling,  the  velocity  of  ri>iation  must  be  iocreaaiag,  and  the 
length  of  tlie  sidereal  day  must  be  diminishing.  It  is  not  difficult,  how- 
ever, to  show  that  if  tbe  earth  is  reall}'  becoming  cooler,  the  diminution 
of  temperature  must  be  proceeding  at  a  very  slow  rate.  We  have  seea 
ihat,  during  a  period  of  2500  years,  the  sidereal  day  has  not  been  shortened 
by  so  much  as  the  ten-millionth  part.  Now^  the  principles  of  Mechanic! 
teach  us  that  this  result  would  ensne  if  the  earth's  radius  experienced  I 
diminution  of  only  one  twenty-nnllionth  part  of  its  length.  It  follows, 
then,  that  during  tbe  period  which  has  elapsed  since  tlie  earliest  Cbaldean 
observations,  the  mean  temperature  of  the  earth  has  not  varied  to  such  an 
extent  as  to  cause  the  terrestrial  radias  to  contract  by  one  tweaty-mlllioatb 
part  of  its  length. 

The  important  question  of  the  Tides  has  recently  attracted  consider- 
able attention  in  this  country.  The  Enc^dopiEdia  Metropt>litana  cou' 
tiiius  a  valuable  essay  on  the  mathematics  part  of  the  subject,  by  Mr. 
Airy,  founded  on  the  theoiy  of  undulations.  Sir  John  Lubbock  and  Dr. 
Whewell  have  been  engaged  during  many  years  in  determining  the  lairl 
of  the  tides  by  observation^  and  m  tracing  their  connexion  with  the  placM 
of  the  BUD  and  moon.  The  results  to  which  they  have  been  eond 
by  their  researches  are  contoinod  in  a  aeries  of  admirable  papers, 
continue  to  be  published  from  time  to  time,  in  the  volumes  of  the  Baij* 
Society.  Thesje  distinguished  pbilosopbers  are  now  endeavouring  to  do 
for  the  theory  of  ihe  tides  what  astronomers  had  done  for  the  lunar 
theory  previous  to  tbe  establishment  of  the  theory  of  Gravitation.  Let  os 
hope  ibat  their  etforts  will  be  attended  with  similar  success,  and  that  the 
day  is  not  very  remote  when  this  important  branch  of  Physical  Astronomy 
will  be  in  a  condition  to  invita  the  researches  of  the  geometer,  and  to 
reward  him  with  a.  rich  harvest  of  results. 

It  is  clear  that  if  the  sun  and  moon  by  their  action  on  the  earth  ooct- 
sion  oscillations  in  the  waters  of  the  ocean^  tbey  ought  to  produce  a 
Bimilar  movement  in  the  atmospheric  fluid.  Laptace  investigated  the 
theory  of  this  subject  upon  a  soaiewhat  restricted  hypothesis*, and  Bouvard 
undertook  an  extensive  series  of  observations  of  the  height  of  the  baro 
meter,  with  the  view  of  delecting  periodical  oscillatiops  depending  cm 
places  of  tbe  distxirbing  bodies.  The  effects,  however,  were  so  very 
as  to  be  almost  entirely  masked  by  irregularities  arising  from  other 
and  no  satisfactory  couelusion  could  be  deduced  from  the  observations.' 

The  oscillations  of  the  atmospheric  tide  will  manifestly  be   greni 
near  the  equator,  and  the  most  favourable  station  for  detecting  them  would 


*  Mec.  Cel,  liv.  iv.  chap,  iv,,  Uv,  xWi,  chap,  ^ii.  The  temperatun:  of  the  atm<M^4)«iv 
wu  uaumed  to  be  unifonni,  and  the  denjut^  at  each  point  praportio^obl  to  the  coropr«ii0ii| 
turca. 


small  Lsland  in  the  middle  of  the  oceftii,  because  the  barometer 

tiiftt  c&se  be  least  liable  to  be  aifected  hy  the  flticluatioiis  arising 

from  ibe  irregalarities  of  the  earth's  sarface.     With  the  view  of  throwing 

aome  light  oa  this  delicate  subject  CaptaJii  Lefrojr,  of  the  Rojal  Artillerjr, 

undwiook  a  series  of  barometrical  observations  at  the  bland  of  St.  Helena. 

Tli466  observations  irere  conducted  sclelj  with  reference  lo  the  place  of 

iba  Bkoon,  as  the  effect  of  the  sun  s  influence  was  naturally  expected  to  l>e 

OBBDnble.     They  extended  from  August,  I8i0,  to  December,   li^-ll,  and 

WtuphMtd  ft  period  of  seventeen  months.     The  mean  result  of 

I  obserriitions  clearly  indicoted  the  eiiiatence  of  a  lunar  aitnoaphoric 

tidt.    It  ^Te  2^. '^7 14  inches  for  the  height  of  the  karometer  when  the 

■MBUBflon  the  meridian,  and  3i^.iJtiT5  when  &be  was  on  the  horizon.  The 

tSkteaet  waa  therefore  .OiKld  inches*.      The  observationa  were  subse- 

^entjy  resntned  by  Captain  Smytbe  in  October,  ISi'it  and  were  continued 

^11  Beptemher,  184:).     The  average  of  all  the  results  obtained  during  thigi 

period  guve  .D03B5  inches  for  the  eicesa  of  the  ultitude  of  the  barometer, 

•ban  the  moon  was  on  the  meridian,  over  the  altitude  when  she  was  six 

bott«  distant  from  it.     The  observations  for  the  following  two  years  were 

eci&pai^d  together  by  Lieutenant  Colonel  Sabine  at  Woolwiclj,  and  the 

nmtB  he  derived  from  them  presented  a  satisfactory  accordance  with 

Utam  prerfously  obtained  by  Lefroy  and  Sroythe.     The  average  exceaa  of 

buonetrical  pressure  during  this  period  amounted  td  .(X^865  inchea,  or  in 

irmnd  nambers  to  .004  inches.     It  is  manifest  that  the  effect  of  the  moon's 

aLii.m  ought  to  be  greatest  when  she  ia  in  perigee,  and  least  when  she  is 

m  apoffee.     Tliis  is  nnequirocally  indicated  by  the  obserratlons,  as  appears 

from  the  followinff  results  of  the  mean  barometrical  excess,  obtftine<l  by 

%  coavtkjiaon  of  ohaenntions  made  when  the  moon  waa  on  the  medidian, 

nd  vmen  she  was  six  hours  distant  from  it : — 

Meta  exceaa  of  preaaure  derived— 


from  la  epochs  of  perigee,  between  ^ 
Oct  1843  and  Sept.  18H.  | 

from  13  epochs  of  perigee,  between  ) 
Oct.  1814  and  Sept  184&.  j" 


.00407  inches. 
.00991      „ 


im  ]ii 


e|iochs  of  apogee,  between  \  anm » 

Oct  1^43  and  Sept  IS44.  )  '  * 


im  14  epochs  of  apogee,  between  ) 
Oct.  1844  and  Sept.  1845.  J 


.00347 


Thtu  quantities  axe  small,  but  itill  they  are  sufficiently  ftsnaible  to 
Htilll«h  beyond  doubt  the  existctice  of  oscillations  in  the  atmosphere, 
dnOkr  to  thoM  which  aifect  the  waters  of  the  ocean.  This  is  not  the 
Wmi  iDteifMtitig  of  the  many  factit  in  plty§ical  Bcltnce  which  would  have 
W  «ver  Mcftped  detection,  if  their  existence  had  not  been  suggesled  by 
ibo  theorjr  of  gravitation. 

*  mi  Trans.,  1847. 
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CHAPTER  XII. 

tntitiductory  Remarks. — Ancient  Observ»liotia  of  Ujiotia^  —  Cilculaiion  of  Table*  of  ib* 
Planet  by  Dekmbre.— Tables  of  Bouvard.— Iiregulwitiwof  ihe  PlaneL — Spectjl*tioM 

r»pcctiiig  ihelr  Origin Errors  of  Rad!uD  Vector,  —  RefearclicB  of  Geomelets, — BeaKL 

—  Adamtt. —  Inverse  Problem  of  PerlurWlJon. — Account  of  Adanns*  Reecarches  relative 

to  the  e&htgnco  of  ft  Pbnet  exterior  to  Uranus Rcsulta  olitaineil  bv  Ijim — Reaeardi«i 

of  ihe  French  A^trononicn  on  tht?  Theory  of  l-ranus.  — Eugene  Bouvard., — Le  Vemer. 
— Account  of  hU  Researches, — Near  agreement  of  his  Results  with  I  hose  of  AikniL — 
Steps,  taken  by  Airy  and  Challia  for  th^  purpose  of  diseoveriti^  the  Pbnet.^ — New 
ReiuLts  obtained  by  Adams. ^^Explanation  of  errors  of  Radiua  Vector.  —  Account  of 
the  second  part  of  Lc  Verrier's  Reaearcbei  on  the  Trana-Uranian  Planet. — Addmaof 
Sir  Jolm  HcrMihcl  at  Suuthampton. — The  Planet  discovered  at  BeiliD  by  Galle.— 
AdmiratJoTi  eicitcd  by  (he  Discovery. —  Account  of  ChallJa*  Labours,^ — Public  An- 
nouncGmcnt  of  Adams^  Rescarchei. — Impression  produced  by  it,— MiatoricaJ  Statement 
4>rihc  Astronomer  Royal.  —  Publication  of  the  Reaetticbesi  of  Le  Vemer  tod  Adami.— 
Remarks  iUgge»tcd  by  the  Di&covery  of  {h«  Planet, 

The  Theory  of  Gravitation  is  not  more  remtu-kable  for  tlie  sublimity  of  its 
results  thaii  for  its  varied  atid  e£feciive  character,  'vvhen  considered  aa  an 
instrument  applicable  to  tUo  discovery  of  truth.  By  tinfoldiug  its  prin- 
ciples, tlie  astronomer,  ivithout  leaving  his  observatory,  has  been  eimbled 
to  determine  the  distances  of  the  sun  and  moot)  from  the  earth,  to  weigh 
the  planets  aa  in  a  balance,  and  to  educe  order  and  stability  from  ihi 
count1e!i6  irregularities  of  their  motiong.  It  has  conducted  him  to  a  \sxiav* 
ledge  of  the  fi^ve  of  the  earth  by  merely  watching  the  motion  of  the  moon 
or  tno  swinging  of  a  pendnluni,  and  it  supphes  the  means  of  ascertaining 
the  figures  of  the  oeloBiial  orba  without  measuring  their  apparent  dimen* 
Bions.  The  eccentric  aberrations  of  comets,  the  ebbing  and  flowing 
of  the  tides,  and  the  oscillatious  of  tlie  aloiosphere,  all  equally  attest  the 
value  of  its  guidance  in  eiL[yloring  the  hidden  operations  of  nature.  But  a 
still  more  striking  triumph  of  this  magnificent  theor)'  was  reserved  for  our 
own  day,  when  the  matbematiciau,  by  meditating  in  his  chamber  upon  its 
prindples,  has  succeeded  in  revealing  the  existence  of  a  new  planetary 
world,  vastly  exceeding  the  earth  in  iiingnitude,  which  had  hitherto  esaoAiMd 
the  scrutinies  of  astronomers,  aided  by  atl  tJje  powerful  appliances  of  optical 
science. 

Soon  after  the  discovety  of  Uranus  by  Sir  Willjam  Herachel  in  1T81,  it 
was  ascertained  that  aatronomei*s  had  observed  it  on  many  previous  occa- 
sions without  recognising  it  to  be  a  planet.  Even  as  early  as  1000,  Fhuu- 
Btead  had  designated  it  as  a  star  of  the  sixth  magnitude;  aud  from  that  year* 
down  to  1781,  agtronoraers  had  determined  its  position  no  fewer  than 
nineteen  different  times,  under  an  erroneous  impression  of  it^  real  nature*. 


*  Boile  Gnt  discovered  two  ancient  observations  of  Urwiui;  one  in  the  HUtoria  Cekatit 
of  Flatnalead  (the  obwrvation  of  1690),  aind  the  other  in  one  of  Maver's  Catalogues.  Soon 
afterwards  Lemonnjer  detected  three  positions  of  the  planet  amon;^  his  onn  obKrtatioM* 
Beiteli  while  engaged  in  rcducini^  Urftdley's  obscrvatioas,  found  that  the  position  of  Unmal 


These  obferradciis  have  proved  eminently  serviceable  in  cottdiicting  astro- 

noniers  to  ihe  true  iheoij  of  the  planet's  motion:  for,  a^  it  takes  eightj-jFour 

yetrs  u>  effect  a  complete  revolution  round  the  sun,  it  is  manifestly  impos- 

iible  to  arrive  at  detinite  ideaa  respecting  the  irregularities  of  its  motion 

ftutfFt  bjr  means  of  observations  wLlch  are  consideiubly  distant  from  each 

tli»T.     In  1790,  the  obserralioii!^  of  tl]e  planet  had  become  sufficiently 

Dumeroas  to  iuduce  the  Academy  of  Sciences  of  Paris  to  propose  the  theory 

o/its  molioD  aa  the  subject  of  a  pri/.e.    Delambre  vc&b  on  this  oeoasion  the 

iBoeetififul  competitor.    The  elliptic  elements  were  determined  by  a  skilful 

Gombiaation  of  the  observations  subsequent  to  the  discovery  of  the  planet, 

ud  the  periurbations  occasioned  by  Jupiter  and  iSntam  were  computed  by 

Beuis  of  the  formulii^  of  the  Mecanique  Celeste,     The  theory  of  the  planet 

Mliblished  upon  these  principles  wns  found  to  agree  very  well  ^ith  three 

tscieat  positions  which  had  beeq  already  detected  among  the  gbservalions 

of  Fkmstefl.d,  Leioonnier,  and  Mayer.      Delambre  employ<?d  it  in  cal- 

cnktiDg  tables  of  the  planet,  vvbich  continued  for  a  few  years  to  represent 

tint  actoal  motion  with  tolerable  accur»cy.     As  time,  hoT*-ever,  wore  on, 

the  diaoordaace  between  theory  and  obsenatiou  constantly  increased,  and 

A  growing  d^ire  wa±i  felt  by  astronomers  that  the  theory  should  be  rensed 

■Dd  emplojed.  in  the  calculation  of  new  tables.    This  task  was  undertaken 

bf  BoaTard,  whose  tables  of  the  planet  nppeared  in  18^1.    While  engaged 

ia  correcting  the  elements  for  this  purpose,  he  experienced  a  singular 

etose  of  perplexity.    He  found  that  tjte  earlier  obaervations  of  Flamstead, 

Miyer,  Lemonnier,  and  Bradley,  might  all  be  satisfied  by  an  ellipse  of  a 

determinate  form  and  {K>sition ;  but  he  attempted  in  vain  to  include  iu  the 

mae  orbit  the  observations  of  the  planet  made  subsequently  to  its  discovery, 

illhongh  these,  on  the  otiier  hand,  might  alw  be  satisfied  by  an  ellipse,  the 

elements  of  which  were  different  from  those  of  the  other    "  The  construe* 

bon  of  the  tables,  tlien,"  says  Bouvard,  ''involves  this  alternative: — if 

»B  oombiji^  the  ancient  observations  with  the  modern,  the  former  will 

te  safljciently  well  rejire^ented,  bnt  the  latter  ^vlll  not  be  &o,  ^xith  all  the 

piSdflioD  which  their  superior  accuracy  demands;  on  the  other  hand,  if 

«V  TtQect  the  ancient  obsen'ations  altogether,  and  retain  only  the  modem, 

tlw  fesalttng  tables  will  faithfully  conform  to  the  modern  observations,  but 

will  Tcry  inadequately  represent  the  more  ancient.     As  it  waa  necessary 

to  decide  between  these  two  courses,  I  have  adopted  the  latter,  on  the 

groond  that  it  unites  the  greatest  number  of  probabUilies  in  favour  of 

Xntk,  and  I  leave  to  the  future  the  task  of  discovering  whether  the 

difficulty  of  reconciling  the  two  systems  is  connected  with  the  ancient 

obeerraiiQu^,  or  whether  it  depend;^  on  some  foreign  and  unperceived  cause 

vhich  nMy  have  been  acting  upon  the  planet." 

Bouvard  accordingly  rejected  the  ancient  observations,  and  (instructed 
his  tables  exclusively  on  the  basis  of  those  comprehended  between  the  dis- 


fead  been  oa  Que  occuioti  determined  by  that  aatronomer.  Burchardt,  having  made  new 
WMi'tho  mto  Fknwte«i'i  ffittona  UtleHis,  dacovered  four  additional  obremnitms  of 
Ae  pbiwi,  one  on  the  2nd  April,  )7I'2.  tod  the  other  three  on  the  4tfa,  5ih,  and  lOtb  or 
I7lii,  Bouvard  luftng  carefully  inspected  all  Lemonnier's  observations  round 
pMlioDS  of  thm  planet  It  is  remarkable,  ibat  of  six  Dbscrvalions  hy  th^t 
t,  two  were  made  by  hita  oti  two  con  sec  u  tire  days,  and  the  other  four  on  four 
Btiri!  dftt's.  If  it  bad  only  occurred  to  him  to  cxiniparc  together  hit  obaer^KlioD* 
'  of  these  occasiDna,  be  could  not  hi\  in  have  anticipated  Herstbd  in  the  diicovery 
nplanet.  Le  Verricr,  in  hk  iiivestigatton  of  the  theory  of  Uranus,  rejects  Flam- 
'laerraiton  of  the  5th  March,  1712,  and  adoptf  another  by  the  «me  aJitronomer 
I  Wik  April,  1712,  mthout^  however,  mentioning  the  penoit  who  fint  delected  it. 
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CO  very  of  the  planet  in  1781  and  the  year  18t3f>.  These  tables, 
Delambre's,  presented  at  first  a  verj  satisfACtoiy  Rccordanee  mt!i  obser- 
vatioHf  hut  after  only  a,  few  yeans  hud  elapsed  they  begtui  to  be  setisihlj 
errcineoua,  mid  they  continued  henceforwnrd  to  deviate  more  and  mortal 
from  observation.  The  diftlcuHy  connected  with  the  theory  of  ibe  planet 
now  iissumcd  a  more  definite  charajcler,  for  it  clearly  did  not  depend  on  the 
ancient  observations,  since  those  of  a  more  recent  date  were  beoottlBg, 
e^oaltj  irreconcileable  viiih  the  tables.  ^ 

Bouvard  -was  in  all  probability  the  first  person  who  vras  led  te  a^riba 
iJie  irregularitiea  of  Uranus  to  the  perturbations  produced  by  an  unknown 
planet.  The  passage  from  his  tables  already  cited  contains  an  obeetizo 
allusion  to  this  hypothesis ;  but  we  should  not  be  warranted  on  sucb' 
grounds  in  awarding  to  him  the  merit  of  ita  original  conception,  if  we  did 
not  possess  abundant  evidence  from  other  sources  that  he  had  a  stnnigj 
persuasion  of  its  truth.  In  fact,  the  venerable  astronomer  flppears  to  hare' 
clung  with  tenacity  to  thit^  explanation  of  the  anomalies  of  the  planet, 
dovm  to  the  latest  years  of  his  life.  Nor,  indeed,  was  the  idea  of  a  planet, 
exterior  to  the  acknowledged  boundaries  of  the  solar  system  altogethorj 
new.  Even  as  early  as  the  year  1759,  wo  find  Claimut  speculating  npoiij 
the  probability  of  Hsilley's  comet  being  enposad  to  the  disturbing  action  of. 
a  planet  too  remote  to  be  visible*. 

Dr.  Hnssey  was  unquestionably  one  of  the  first  a<<tTonomeTB  who  halj 
the  sagacity  to  divine  the  true  cause  of  the  irregularities  in  the  molioti  ou 
Umnus.  Writing  to  Mr.  Airy,  in  1634,  he  mentioned,  that  having  cm*- 
fully  determined  the  position  of  Uranus  on  several  oc<:Rsiona  during  tlwj 
preceding  year,  he  was  led  to  examine  closely  Bouvard 's  tables  of  llwi| 
planet,  and  he  remarked  that  the  strange  inconsistency  of  the  ancient  ««4 
modem  observations  had  suggested  to  him  the  possible  existence  of  mm.9* 
disturbing  liody  beyond  Uranus  f.  He  intimated,  also,  a  design  of  5We**p» 
ing  for  the  planet  with  hia  large  reflector,  provided  one  or  more  positioni 
of  it  were  determined  empirically.  He  added,  in  the  same  letter,  that  h* 
had  some  conversation  on  the  subject  with  Bouvard,  who,  in  reply,  asaerteti] 
that  he  entertained  a  similar  opinion  with  respect  to  the  cause  of  th#i 
planet's  irregularities,  and  had  been  corresponding  with  Hansen  respecting^ 
it-  Hansen  replied,  that  one  exterior  planet  would  not  account  for  the' 
errors  of  the  tables,  and  that  two  planets  were  necessary  for  this  purpose. 

As  the  errors  of  the  tables  continued  to  increase,  the  conviction  of 
their  real  origin  waa  conBtantly  gaining  ground  among  astronomers.  MJ 
Vftlz,  of  Marseilles,  writing  to  M.  Arago  in  1835,  on  the  subject  o| 
Halley's  comet,  made  the  following  interesting  remarks  relative  tij  th4 
probable  es.ieteuce  of  a  Trans-Uranian  planet,  "  I  would  rather  havfi 
recourse  to  an  invisible  planet  situated  beyond  Uranus.  Its  period^ 
according  to  the  order  of  the  distances,  would  be  at  Ica^t  triple  that  of  thd 
comet,  60  that  the  perturbations  of  the  latter  would  nearly  recur  at  tlj« 
close  of  every  three  revolutions,  and  the  calculations  made  for  four  or  fivi 
well-established  cycles  would  enable  us  to  trace  them.     "Would  it  not 

•  Sep  page  104  of  lliiB  work. 

t  ArcottHt  of  iitme  CircttmatanceM  hishrieaSt/  ronnet'ttil  wlih  the  DuoviMry  qf 
Planet  exterior  to  Uranvii,  by  (?.  J3,  Airy,  Esq.,  Attrvnomcr  JioyaJ,  Tbi*  itnpoitsn^ 
collection  of  correspondence  relalmtf  to  tlie  (hcorclical  discuvcry  of  the  planet  Ne^itUMl 
wu  read  before  ihe  Attroiioiuica]  Society  ou  the  l3lb  NavL-mber.  1B46|  Kud  WMfiUM 
1i«hed  both  in  the  Mtmthli/  Procredingt,  and  also  in  vol.  x\i,  cf  the  Mtmoirt  of  ibe  lafQ^ 
Society.  Tilt;  k-tter  i>f  Dr.  tlugs^j,  cited  m  the  Icxtj  fdrmi  tJic  cumijtieDcepoent  of 
coiTCspondetice^  and  b  msikcd  No.  1, 


>le  to  ETTiTe  thus  a,t  a  knowIe(]ge  of  the  existence  of  a  bodj  which 

be  perceived,"* 

Guided  bj  tie  same  sagacious  and  pbilosophical  viewsy  but  reasoning  npon 
legitimate  groundt;,  Mrs.  Somerrille  alludei  in  the  foUuv^ing  term%  to 
lb*  probftUe  oad^teucc  of  an  unknown  pknet  in  the  third  edition  of  her 
SBt«f«8dng  Iktie  work  on  "  Tfu  Connejcion  of  the  Phygical  Sctevert."^  *'  The 
t»ble»  of  Jupiter  agree  almost  perfectly  with  modern  observations  :  those 
l^ruoos,  however,  Bjfe  already  defective,  probiibly  bocaufie  the  discovery 
the  planet  in  1731  i»  too  recent  to  admit  of  mii«h  precision  in  the 
ion  of  it£  motions,  or  that  possibly  it  may  be  subject  to  dlsturb- 
froin  some  unseen  planet  revolving  about  the  sun  beyond  the  present 
of  our  system.  If,  after  the  lapse  of  years,  the  tables  fornied 
fioB  a  oMnbioation  of  numerous  observations  should  still  be  iuadeqnate  to 
ftpfeeeot  the  nootions  of  Umnus,  the  diserepuncies  may  reveal  the  exist- 
nay,  even  the  mass  and  orbit  of  a  body  pkted  for  ever  beyond  the 
of  vision."  One  more  of  such  extracts  will  shew  bow  strong  the 
Hou  now  was  respectiug  the  existence  of  a  Trans-Uranian  planet. 
>r  Midler,  in  his  "  Treatise  on  Popular  Astronomy,"  after  remarking 
that  tJiAnas  might  have  been  discovered  by  means  of  the  periurbHtions  it 
poduoea  in  the  motion  of  Saturn,  alludes  in  the  following  propbetic  terms 
Ift  the  probability  of  discovering  a  planet  exterior  to  Urtmus :— '*  Applying 
tttf  ttmclusion  to  a  body  beyond  Unnnis,  we  approach  a  planet  acting 
mo  aad  distnrbing  it.  We  may,  indeed,  express  the  hope  that  analysis 
vul  (me  day  or  other  solemnize  this,  her  highest  triumph,  nmking  dis~ 
r/^Ti^ri^s  vi^  the  mind's  eye  in  regions  where,  in  our  actual  state,  we  are 
to  penetrate," 
iiie  at««dLnes8  with  which  the  errors  of  the  tables  continued  to  increase 
nnd^red  the  necessity  of  their  explanation  more  and  more  indispcnsaVde. 
In  1^35,  the  computed  geocentric  longitudes  of  the  planet  ei^bibited  a 
dis^rdance  vritb  observation  amounting  to  30'';  in  1898  the  discordance 
aaiounted  to  60",  and  in  1641  to  70".  Nor  were  these  errors  simply  the 
(Sects  of  errors  in  the  heliocentric  longitude  of  the  planet.  On  the  con- 
tnuT,  Mr.  Airy  clearly  shewed,  by  means  of  his  observations  of  the  planet 
Wtae  ai  Cambridge  in  the  years  lS3{i-34-il5,  and  at  Greenwich  in  1836, 
that  the  radius  vector  of  the  tables  was  also  considerably  in  error. 

The  time  bad  now  arrived  for  the  geometer  to  apply  the  powers  of 
ttaJftis  to  the  invesrigation  of  these  anomaliea.  The  illustrious  Bessel 
■^inrs  to  bftve  entertained  llie  idea  of  attacking  this  important  problem. 
UD  tli4  occasion  of  bis  risit  to  England  in  184^^,  he  exprest^ed  to  Sir  John 
Hendiel  faia  conviction  that  the  irregulantiea  in  the  motion  of  Umnug 
*CTe  occasioned  by  the  action  of  some  unknown  planet,  and  be  added,  that 
•I  won  as  he  should  obtain  ieignre  from  other  researches  in  ivhich  he  was 
togged  he  would  undertake  the  determination  of  its  actual  position^.  It 
ip{>eiu8  that,  as  a  preliminary  step  to  the  inquiry,  be  had  instructed  M. 
riemuiing,  a  young  German  astronomer,  to  reduce  with  great  care  all  the 
okenaiions  of  the  planet.  Flemming  executed  the  task  assigned  to  him : 
but.  unrortuDa.te1y,  soon  after^-ards,  Bessel  was  seized  with  the  illue^ 
*luch  proved  fatal  to  bim,  and  the  inquiry  was  not  prosecuted  further§. 

*  Se«  the  Comptei  Hendttt,  tome  xxiv.  p.  35. 

t  Pkiblnhed  in  1836.  i  Athmaum.  October  3rd,  1846. 

I  M.  ReDinuifr  died  soon  aAer  be  completed  the  ealculalions.  Tbe  reduced  obtt^nrBf- 
CtM  m  ttm  in  the  poisesilDn  of  M.  Schumacher  of  AIloUL  See  Sir  Jubn  HerEcbel'* 
l^fetof  Ae  Itle  of  Bessel,  in  the  slxtetnth  volume  of  the  Mmoin  of  tA*  Astronomical 
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Tbe  theory  af  Uranus  was  now  about  to  be  submitted  to  a  scTei 
examination  by  a  young  mathetnaticiBti  of  England.     Mr.  J.  C.  Adams, 
while  sliil  pursuiii^  his  studies  at  St.  John's  Coltege,  Cambridge,  had  par- 
posed  iuveatif^iitiiig  tbe  cause  of  the  strange  irregularities  in  the  motion  o£ 
the  plimeL     ilia  attention  was  first  drawn  to  the  subject  by  Mr,  Airy 'a 
allusiun  to  those  anomalies  in  his  valuable  account  of  the  progress  o£ 
astronomy  in   the  nineteen tb  century,  contained  in  the  Report  of   ibaj 
British  Association  for  183S.     Mr.  Adams,  oa  referring  to  his  notD^book 
at  n  subsequent  period,  found  the  follo^ving  memorandum  inserted  in  itt' 
under  the  dote  of  the  3rd  July,  1841 : — •*  Formed  a  design,  in  the  begin- 
oiag  of  this  week,  of  investigating,  as  soon  as  possible  after  taking  wj\ 
degree,  the  irregularities  in  the  motion  of  Uranus  which  are  yet  unafr 
counted  for ;  in  order  to  find  whether  they  may  be  attributed  to  the  aiction 
of  an  undiscovered  pkuet  beyond  it,  and  if  possible,  tbence  to  determine 
approximately  tbe  elements  of  its  orbit,  &c.,  which  would  probably  lead 
to  its  discovery,"* 

Mr.  Adams  baring  taken  his  degree  in  January,  1843,  proceeded  td 
consider  the  subject  of  his  future  researches.  The  problem  which  offered 
itself  to  him  for  solution  maybe  stated  in  the  following  terms: — Assuming 
that  Uranu3  was  disturbed  by  some  unknown  body,  to  determine  the  jxtsi- 
tion  of  the  latter,  its  mass,  and  the  elements  of  its  orbit,  by  means  of  the 
irregubu'ities  it  producea  in  the  motion  of  the  disturbed  planet.  Thii, 
problem  being  the  inverse  case  of  the  ordinary  problem  of  planetary  per- 
turbation, is  manifestly  of  a  very  intricate  character,  and  demands  the 
resources  of  a  very  refined  analysis  for  ita  successful  treatment.  Nay,  it  i*. 
even  more  conipUaited  than  at  first  it  appears  to  be,  for  the  elements  of 
Uranus,  which  foriu  the  basis  of  the  geometer^  researches,  are  vitlatedi 
by  the  action  of  the  unknown  phmet,  and  their  rectification,  howevotl 
destmble,  can  only  be  effected  by  the  actual  solution  of  the  problem.  In 
order  to  acquire  dear  ideas  upon  this  point,  tbe  reader  xnust  bear  in  miadE 
that  the  fundamental  or  mean  orbit  of  Uranuft  is  an  ellipse,  in  which  it 
would  constantly  revolve  if  it  was  exposed  solely  to  the  attractive  influence 
of  the  sun,  and  that  the  action  of  the  other  bodies  of  the  Hjstcm  tend4 
merely  to  occai^ion  minute  excursions  of  the  planet  now  on  one  side  an| 
now  on  the  other  side  of  this  orbit.  It  ia  manifest,  then,  that  in  detep< 
mining  the  elliptic  elements  of  a  planet  s  motion  by  means  of  ita  position j 
as  assigned  by  observation,  the  effects  of  perturbation  must  be  subducted^ 
fromtha  co-ordinates  of  each  position,  in  order  that  the  planet  maybe  reduceii 
to  the  place  which  it  would  occupy  in  the  mean  elliptic  orbit.  Now  wheil| 
Delambreand  Bouvard  were  seveniUy  engaged  in  determining  the  element^ 
of  Uranus,  they  applied  the  perturbations  due  lo  Jupiter  and  Saturn  as  coi^ 
rections  to  the  positions  derived  from  observation ;  but,  as  they  did  not  tak4 
into  account  the  action  of  the  unknown  planet,  it  is  manifest  that,  if  th« 
latter  really  existed,  tbe  final  values  of  the  heliocentric  co-ordinates,  as  da* 
termined  by  each  of  these  astmnomers,  muat  have  failed  to  repreaeut  thfl 
elliptic  positions  of  tbe  planet.  Hence,  the  elements  deduced  from  theat 
erroneous  dtita  were  necessarily  inaccurate,  and  it  is  raamifest  that  th: 
circumstancG  alone  la'ould  have  the  etTect  of  diBtorttng  the  orbit  of  ih^ 
planet,  and  thereby  occasiontnf;  discordances  between  the  observed  an 
oomptiied  values  of  the  longitude,  latitude,  and  radius  vector.  The  ei 
of  tlie  tahlea  of  Urenus  were,  therefore,  attributable  to  two  distinct 
being  due  partly  to  the  errors  in  the  elements  of  the  planet's  own  orbi 

Metn  Att.  goc.,  vol.  itL;  see  also  tike  Nautical  AltuaDic  for  1851  {Apptttdix). 


BtftTORT  6P  9Wf%WAL  iSTBOKOHY. 


109 


tail  pmlf  to   Uie  disturbing  action  of  the   unkDOwn  planets      Tlieaa 

Firr  ctas»  of  error,  although  totallj  opposite  in  tlieir  natures,  had  botli  a 

avu  origiQ,  and  their  efTects  on  this  account  were  so  thoroughly  en- 

d  ia  each  other,  that  it  was  impossible  to  investigate  either  inde- 

: 'Hilly.     This  circuroaiftBce,  as  may  well  be  supposed,  vastly  increased 

iithculty  of  the  problem.     If  it  had  been  po&sibie  to  ascertain  what 

,    :  .n  of  the  irregularities  of  the  planet  was  in  each  case  due  to  the 

LTi'fs  of  the  elementa,  the  values  of  tbege  errors  might  have  been  deter- 

nioed  by  the  ordinary  methods  of  astronomy ;  and  when  once  the  elements 

Rerv  thtui  corrected,  it  would  have  been  undoubtedly  a  less  arduous  task  to 

t80«nd  from  them  to  the  elements  of  the  unknown  planet.     But  it  clearl/ 

foyom,  from  the  remarks  we  have  already  made,  that  the  elements  of  Uranus 

■BDOtbe  determined  without  taking  into  account  the  whole  effects  of  plane- 

Usf  perturbation^  and  thia  again  implies  a  knowledge  of  what  is  the  very 

object  of  inquiry,  namely,  the  elements  and  mass  oi  the  unknown  planet. 

Tlie  problem,  then,  admits  of  being  corcipletely  treated  only  by  a  method 

vbich  sluil  embisce  in  one  siDmltaneous  investigation  the  corrections  to  the 

(jMDenlaof  Crauusand  the  dements  and  mass  of  the  unknown  planet  Now, 

ttedesMaita  of  a  planet  are  six  in  number.    The  problem,  when  considered 

t6  ill  its  generality,  will  there-fore  involve  thirteen  unknown  quaotitiea. 

Aa.  howoTer,  it  appeared  from  observation  that  tlie  perturbations  of  Uranug 

ifi  latitude  were  vety  small,  the  two  planets  might  be  supposed,  for  all  the 

of  a  first  approximauon,  to  revolve  in  the  same  plane,  and  by  this 

n  the  number  of  unkno^vn  quantities  wan   reduced  to  nine. 

; — the  corrections  to  the  mean  disiance,  the  eccentricity,  the 

e  of  the  perihelion,  and  the  epoch  dt  mean  longitude  of  Uranus; 

the  abiolute  values  of  the  same  elements  relative  to  the  unknown 

together  with  ita  masa.     Now,  in  the  case  of  one  planet  acting  wpon 

er  and  disturbing  ita  motion,  the  theory  of  perturbation  enables  the 

j^OdQieier  to  express  the  correctjona  to  the  co-ordinates  of  the  diaturbed 

planet  in  terms  of  th^e  nine  miknown  quantities;  and,  if  the  hypothesis 

of  un  unknown  planet  was  true  in  the  present  case,  these  corrections  ought 

to  ycoount  for  the  differences  betwi?en  the  observed  and  computed  positions 

,     rf  the  planet  Uranua.     Henco,  by  comparing  the  analytical  formulEp  for 

■Ae  corrections  to  the  co-ordinates  of  Uranus  with  the  numerical  errors 

^B(  the  tables,  a  number  of  equations  of  condition  are  formed,  and  the 

^Bnblem  is  finally  reduced  to  the  elimination  of  the  unknown  quantities 

^^na  these  equations.     It  may  readily  be  imagined  that  this  operation  is 

r     ittwdftd  with  difficulties  of  no  ordinary  kind.     In  fuct,  only  a  thorough 

•eqmfiitfLnee  with  the  nature  of  planetary  perturbation,  and  a  complete 

"MWffiff*"!  of  analysis « combined  with  consummate  skill  in  its  application, 

«iU  suggest  to  the  mathematician  such  artifices  as  may  lead  to  the  dis- 

mgagsment  of  the  unknown  quantities  from  the  complicated  expressions 

in  irhlch  they  are  involved, 

Kor  does  the  mere  elimination  of  the  unknown  quantities  constitute  the 

ly  difficulty  attending  the  solution  of  the  problem.     Unless  the  equa- 

ria  of  eonditiou  be  skilfully  combined  together,  it  may  happen  tliat  the 

aes  of  the  unknown  quantities,  although  deduced  by  a  strictly  legiti- 

proc«3s  of  reai^oning,  will  prove  totally  erroneous  when  considered 

II  ^ysicil  restdts.   This  will  be  readily  understood  by  the  reader  when  he 

L      ium  into  ftccount  the  mode  in  nhich  the  equations  of  condition  are  formed. 

^■io  each  case  the  error  of  the  planet  s  place  is  expressed  algebraicfllly  in 

^Benas  of  the  nine  unknown  quanttties  of  the  problem,  and  the  equation  of 
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condition  is  formed  by^  putting  this  expression  equal  to  the  actual  error  a* 
determioed  by  a  comparison  of  the  observed  and  computed  places  of  tliA 
planet.  Every  tabular  error  furnishes  a  corresponding  equation,  and  tbtui 
the  number  of  equal  ions  of  condition  is  limited  only  by  the  number  of  in- 
dependent observations.  Now,  if  the  latter  were  mathematically  accurate. 
the  equation^!  of  condition  would  all  be  consistent  with  each  other,  so  that 
any  nine  of  them  would  sufiBce  for  the  determinalion  of  the  niite  unknown 
quantities  of  the  problem,  and  the  values  hence  deduced  would  ri^rously 
|Balisfyall  the  other  equations.  But,  as  aU  observations  are  neoessariJj 
more  or  less  erroneous,  the  errors  resulting  from  a  comparison  of  the  ol^ 
served  and  calculated  places  of  the  planet  will  not  be  uhoUy  dependent 
on  the  unknown  quantities  of  llie  problem ;  and  the  equations  of  condition 
being  vitiated  in  consequence,  will  prove  to  a  certain  extent  incom- 
patible with  each  other,  so  that  every  nine  equations  selected  for  the  de- 
termination of  tbe  unknown  quantities  will  conduct  to  different  results. 
With  a  view  to  elude  this  source  of  error,  the  number  of  eqimtioua  af 
condition  is  generally  made  to  exceed  in  a  great  degree  the  uumb«r  of 
unknown  quantities,  and  the  grand  object,  then,  is  to  combine  them  to- 
gether,  so  that  the  errors  of  observation  may  destroy  each  other,  and  t 
system  of  equations  may  finally  be  arrived  at  which  will  assign  the  troe 
values  of  the  unknown  quantities. 

Mr.  Adams  first  proceeded  to  examine  the  perturbations  produced 
in  the  motion  of  Uranus  by  the  other  planets,  in  order  to  assure  himself 
beyond  doubt  that  the  errors  of  fiouvard  a  tables  did  not  proceed  ^m 
an  erroneous  applicadou  of  the  existing  theory*.  For  this  purpose  he 
recomputed  the  principal  perturbations  due  to  Jupiter  and  Saturn, 
and  introduced  some  new  inequaUties  which  had  been  first  pointed 
out  by  Hanaenf.  He  also  took  into  account  the  correction  to  Jupiter's 
mass,  to  which  recent  researches  had  conducted  Astronomers.  Not- 
withstanding these  improvements,  the  theory  still  failed  to  represent 
the  motion  of  the  planet.  Two  important  advantages  were,  however, 
gained  by  these  preliminary  labours.  In  the  hrst  place,  it  was  clearlj 
established  that  the  cause  of  the  irregularities  must  be  sought  elsewhore 
than  in  the  development  of  the  actual  theory.  In  the  second  place,  the 
application  of  the  improvements  had  the  effect  of  ejihi biting  the  errors  of 
the  tables  as  residual  facts  wholly  dependent  on  some  extraneous  inHuenoe, 
.uid  consequently  they  now  assumed  a  more  precise  and  definite  character 
than  they  had  previously  done.  The  first  point  to  be  decided  in  this 
inquiry  was,  the  most  suitable  mode  of  exhibiting  the  irregularities  in 
the  motion  of  the  planet.  We  have  mentioned  already,  that  both  the 
'leliocentrie  longitude  and  radius  vector  had  been  discovered  to  be 
Bibly  in  error.  Now  it  may  he  remarked,  that  the  problem  admits 
of  solution  by  employing  as  the  basis  of  investigation  on  adequate  number 
of  the  errors  of  either  of  tliese  co-ordinates,  independently  of  those  of  the 
Other.  In  point  of  fact,  however,  the  errors  of  the  radius  vector  were 
too  inconsiderable  to  be  employed  with  safety  in  such  an  inquiry,  although 
they  might  be  suhaequently  uaed  with  advantage  in  verifying  resulta 
otherwise  derived,  Mr»  Adams,  therefore,  had  recourse  to  the  errors,  of 
hehocentric  longitude,  which  in  some  instances  amounted  to  2'  or  B\  and 
extended  over  a  period  embracing  more  than  a  revolution  and  a  half  of 

*   Mem,  Ait.  Soc,  vol,  xvi,  ^  Naut  Aim.,  185], 

t  Thes*  iaequalitiea  are  of  the  order  of  the  a«uares  of  the  disturbing  forced  and  tl*  by 
&f  ibe  EDOiit  c<m0Ldenible  of  the  clots  to  which  imy  belong. 
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mmd  \hd  Bun.  But  here  &  difficnlty  occure,  iLe  natum  <»f 
it  is  necMMTj  l^rieilij  to  explain.  TLe  cartii  toeing  the  place  Irom 
ikiik  ttD  obmftmtiottB  art  made,  the  position  of  a  planet  in  the  zodiac  it 
iHBrauoed  by  iln  geooeatrio  longitad«,  or  its  angulnr  diBtauce  from  the 
tnaid  MfBiDox  rftlAlit«  to  the  centre  of  the  e&rLb.  But,  a&  the  Run  is  the 
MtoMl  oeaU«  of  th»  pkoet'e  motion,  the  theory  of  the  latter  aaaigm  onlj 
||i»  kittoMntric  longitude,  or  thei  distance  from  the  vernal  equinox,  relative 
to  dM  eeutre  of  t!i»  @iui«  In  order,  tlien,  to  compare  the  obeorrauoiis 
if  dto  pla&«t  with  the  results  of  theory,  it  is  oecessarj  to  pa««  from  the 
fMiatbrie  longitafi<.*,  derired  inimediately  frnm  obsen'atlon,  to  the  oqT' 
Wtffm^ag  value  of  tfao  helioceDtric  l&Dgitud€.  Thia  object  maj  be  ef' 
fceiad  bj  m  aimple  proceKK  of  trigonometry,  if  vc  know  the  length  of  the 
niiaB  Teetor  of  tho  pliiii^'t,  aud  the  position  of  the  earth  in  her  orbit, 
aBMfKMKUng  to  the  time  of  obsecration.  The  former  of  tlieae  data  may 
In  oltMlDfid  from  the  lablos  of  the  planet,  arad  the  latter  from  the  solar 
IiUm.  It  ia  manifest,  however,  that  if  the  taljukr  mdius  vector  of  the 
plBiC  be  efTOOeoiis,  the  oomputalion  ivill  he  vitiated,  and  a  Jkise  valtie 
vill  ba  iaatgn^  to  the  heliocentric  longitude.  The  qiiestion  tlien  ariBes, 
hav  tn  ira  to  pass  from  the  geocentiic  longitude  of  the  piaoet  to  the 
kiineintrip  longitude  without  complicating  the  result  vrith  the  elTect  of 
At  tmr  of  tl»^  radius  vector.  This  object  is  acromplished  per  ig  for  all 
Awnatiooa  made  when  the  planet  ia  in  opposition,  for  the  eiuii,  the  earth, 
ml  the  planet  being  thc<u  in  the  same  atrai^ht  line,  the  geocentric  and 
UioeeDtric  longitudes  wtU  necesearilr  coincide,  and  they  will  both  retain 
thetsme  common  value,  whatever  he  the  length  of  tho  planet  a  raditisveotor. 
Sun  if  the  obaarrationa  should  not  be  mode  when  tlie  planet  ia  actUAllj 
ia  opposition .  tlie  heliocotitnc  longitudea  may  be  obtained  free  from  the 
m(a%  of  radius  vector  by  fikilfutly  combining  together  the  observations 
■aJa  Iwfiita  aod  after  opposition*.  Ihlr.  Adams  in  tlois  manner  deduced 
Iml  ihd  obaerrations  of  Uranus  twenty  equidistant  values  of  heliocentric 
fa^^Cada,  for  th«  period  included  between  ITi^Q  and  1H40.  Comparing 
Mto  with  the  tabular  vahtes  he  obtained  a  corre&[)ondiDg  series  of 
■Ml  ill  boliof^entric  longitude,  which,  with  those  deriTcd  from  the 
ndaiiC  obserrations  of  ilie  planet^  formed  the  data  of  hia  final  investi- 
piwa  of  tho  problem. 

Mr.  Adam^  commenced  his  researches  by  supposing  the  orbit  of  the 
filtnet  to  be  circular,  and  its  mean  di^^iance  from  the  sun  duuhle  the  n^can 
utaiioe  of  Uranus.     It  was  probable  from  analogy  that  both  these  bup 

*  tt  wi  KippcMe  the  ndius  vector  of  the  tables  to  be  too  »ntaHt  Ihen^  before  the  farth 
•tnc*  ta  ^>p««ilioD,  tbe  pianist  'will  appear  behind  iti  cwnputed  plicc  j;  and,  oa  iht  olber 
ka^wbee  ibe  earth  bas  paired  oppositioa,  it  vrill  appear  in  advance  of  its  comfiutcdl  place. 
B(HK  Hil  aot  difiicuh  to  iienxh-c  ihat  tbefte  oppoiile  eCecU  may  be  ctestroycd  by  &  guit- 
lUt  eombhiaxion  f^  ob^rvatians  marie  tKifore  and  sfler  oppo^iiicm.  The  same  remark 
aAaaoilectly  applVf  it  ibe  tivbular  radms  vector  be  too  )ar{!C;  tbif  oaiy  difference  being, 
thtlBtkn  ^te  the  plani-t  befurf  opi^Ktrjiriun  nill  apjiear  jii  ailvancc  nf  its  eom])ute>l  place, 
mi  As  oppe«tiioi]  will  aptH-'iir  behind  U.  AlVcj  Kepler  made  the  meiooraltje  diKOvery 
itMibi  oroUof  hlir*  »as  nut  aelrele,  but  retired  witbin  ibat  ciine  towards  the  mean 
*Tr.  his  active  iinaglnatiuti  moii  devitifd  a  theory  iu  whir-h  the  jil^net  was  Bitpposed 
Itaovc  in  »n  otal,  Ihe  distance  of  ^bich  vnt'ivd  ai'cording  to  a  certain  law,  Thh  hj'po- 
iak  Qvlrit  WW,  however,  too  mueb  compre«s^J  in  tlie  aides  to  rcpt^senl  I  lie  true  elbp^;  of 
(kplaaet;  and,  accordingly,  Kepler  mcnlions  tbat  David  Fabrjctu»,  to  wlioin  he  eoni- 
■■aoiicd  bin  theory,  remarked  to  him  that  tbc  obscrt^ationt  of  the  plaiii?t  before  acid  liter 
a  in<ticated*that  the  distances  of  the  oval  were  all  too  ubort.  "  So  nearly,"  «aya 
Hmt  aftirnnomer  anticipate  me  in  the  discovery  uf  the  true  orbit  of  (be  planet," 
Stella  MartUi  cap,  |v,  |j,  360. 
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poMtions  did  not  differ  widely  from  the  truth*,  Withotit  some  ami 
value  of  the  meau  distance,  the  operatiou  of  cUmiimiing  the 
quantitiea  would  hove  been  totally  impracticable;  but,  ivhen  this  object 
ytaa  once  accomplished,  a  more  Bccurate  value  might  be  aftentards  Arrived 
Kt„  either  by  varying  the  hypothesis  and  comparing  the  results  with  those 
derived  in  the  first  instance,  or  by  introducing  into  the  second  solutiou 
ft  correction  to  the  assumed  mean  distance  in  the  shape  of  a  new  un* 
known  quantity.  The  results  which  Mr.  Adonia  obtained  by  means  of 
ilia  first  eB($ay  were  sufficiently  satisfactory  to  encourage  him  to  parsoe 
his  researches.  The  observations  which  he  employed  n-ere  most  delecltT6 
Uiroughout  the  period  included  between  the  years  1818  and  1826,  and  it 
WBiS  precisely  in  that  period  also  that  the  errors  of  bis  theory  were  greftlett. 
This  circumstance  induced  him  to  apply  to  the  Astronomer  Royal,  thrmi^ 
his  friend  Professor  Challis,  for  the  Greenwich  Observations  of  tlie  planet 
then  in  process  of  reduction.  Professor  Challia*  letter  to  the  Astronomer 
Royal  on  this*  occasion  is  dated  the  13th  Febmim',  1 84 if.  He  mentioiia 
in  it  that  Mr.  Adams,  a  young  friend  of  his,  was  engaged  in  reaearcbfle 
on  the  theory  of  Uranus.  He  then  epecifiea  the  nature  of  his  request, 
ex^pressing  also  a  desire  to  know  whether,  in  comparing  the  observations  of 
the  planet  with  the  theory,  any  alteration  had  been  made  in  the  tables  of 
Bouvand.  except  that  depending  on  the  correction  to  the  value  of  Jupiter  s 
mass.  The  Astronomer  Royal  a  day  or  two  afterwards  returned  a  stuiable 
reply  to  Professor  Challis'  letter,  and  kindly  tmusmittcd,  for  the  use  of 
Mr.  Adams,  all  the  Greenwich  Observations  of  the  planet  from  175(1  to 
lb30  completely  reduced;. 

Furnished  with  these  valuable  data,  Mr.  Adam^  was  now  iu  a  con- 
dition to  pai"sue  his  researches  with  the  prospect  of  ultimate  success. 
He  accordingly  undertook  a  more  comprehensive  investtgadoa  of  the  pro- 
blem by  considering  the  orbit  of  the  disturbing  planet  to  be  elliptic.  By 
repeating  the  approximation  several  times,  introducing  on  each  occasion 
more  and  more  terras  of  the  perturbation,  he  succeeded  in  gradually  reduc- 
ing the  errors  of  U  ran  us,  until  its  computed  places  finally  exhibited  a  very 
general  and  satisfactory  accordance  with  those  derived  from  ob3er%'fltion. 
Id  the  autumn  of  1840,  he  considered  his  researches  were  so  far  matured 
as  to  warrant  the  presumption  that  his  results  might  be  employed  with  a 
strong  probability  of  success  in  searching  for  the  new  planet.  Accordingly 
in  the  month  of  September,  before  leaving  Cambridge,  he  placed  in  the 
hands  of  Professor  Challis  a  paper  containing  numerical  values  of  the 

'  The  follcifvittg'  curioui  law  regulating  the  m^ati  dUtanccs  of  (tve  pkneta  fmm  the  nn 

WW  &ra,  qnnouneed  by  Bade,  the  Gt'rinan  nstronotncr.     tt  is  raid,  hon-erer,  that  be  wu 

indebted  for  the  original  fiotioii  of  it  to  Titian,  a  professor  of  Wurt^mbei^. 

Mercury         ...... 

Vcnua t 

Tbo  Earth 

Mars     ....... 

Ceres  («■  the  mean  of  tlie  smaller  pUnctc) 
Juptter  ,«.,., 

Saturn =  4  +  3.2*  =*  100 

Uraaus »  4  +  3.2*  -  196 

If  we  compare  these  numbvrf  with  the  actual  dittances  (BuppDainv  the  e«lli%  diitUKe 
to  be  in  both  CQseft  represcriii?d  by  !<>)►  we  ihali  find  a.  very  remarkable  aoreenKiiL  Jt  k 
eujr  to  perceive  that  as  the  planets  recede  from  the  sun,  their  tuccesMre  dJEtanoe*  beeorae 
more  nearty  double  each  other. 

f  Airy's  Historical  Statement  of  circumstanceg  connected  with  the  diicovery  of  (lie  planet 
beyond  L'ninu«.  No.  €. 

'a,Slate(»cnt,  No,  7. 
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28 

=-  4  +  3.2^  = 
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the  epoch,  the  ecceutricitv.  and  the  longitude  of  the  perihelion 
dist4irli]ng  planet^  together  with  its  geocentric  longitude  for  the 
30di  of  September,  1845*.  Afr.  Adams  was  also  anxious  to  communiento 
kb  twulttt  to  the  Astronomer  UojaJ,  mid  far  this  purpose  the  kind  offices  of 
Fptfeaaor  Ctnllis  were  again  tendered.  The  letter  of  Professor  Challis  to 
ihs  Astmnomer  RojaJ  on  this  occasion  is  dated  the  ^'.^nd  September,  16-15 f. 
He  mentions  in  it  that  Mr>  Adams  liad  completed  hia  investigation  re- 
Uttiro  to  the  supposed  eiisteuce  of  a  planet  exterior  to  Umnns ;  that  his 
ranndiea  were  founded  on  the  observations  which  Mr.  Airy  was  kind 
mng^  to  send  him  some  ttute  previously,  and  that  he  was  desirous  of 
eMumniicfttijig  his  results  personall}'  to  him.  Ho  added,  also,  that  from 
Mr.  Adams'  chaxacter  as  a  mathematician,  and  his  pnictice  in  cakulation, 
btennradeiFed  that  his  conclusions  had  been  accurately  deduced  from  his 
■  -es.  Mr.  Airy  happened  to  lie  from  home  when  Mr.  Adams  colled  at 
■  wtch,  bat  a  few  dnyg  afterwards  he  wrote  a  letter  to  Professor  Cljallis ;, 
U|tfrining  the  strung  interest  he  felt  in  the  suhject  of  Mr.  Adams'  re* 
HMcbui,  and  mentioning  that  he  would  be  happy  to  hear  hjf  letter  from 
Ub  respecting  them. 

Or  ime  of  the  last  days  of  October  lSi5,  Mr.  Adams  called  at  the 
fifl^  Observatory,  and  left  a  paper  containing  the  elementa  of  the 
anr  ptanet,  and  the  errors  resultiog  from  a  comparison  of  the  improved 
ihmff  of  UnJtos  with  a  great  number  of  observations  of  tlje  planet  from 
IMIO  to  IB40§.  These  errors,  which,  by  Bouvard's  tables,  amounted  fre* 
fMnlly  to.  3',  were  now  for  Uie  most  part  lillle  more  than  V\  The  fob 
kmag  are  tbe  elements  of  the  planet,  as  given  by  Mr.  Adams  in  this 
i^dttaitc  pftper: — 

»Meflii  distance  front  ihe  snn,  the  earth's 
distance  being  represented  by  ukvily 
Mean  sidereal  motion  in  505. '-i 5  days 
Mean  longitude,  1st  October,  1845  . 
XiOngitude  of  perihelion  . 
Eccentricity 
Mass  (that  of  the  sun  being  unity) 
These  elements  give  7"  30'  for  the  mean  anomaly  of  the  planet  on  the  1st 
October,  1845.  and  3°  3'  for  the  equation  of  die  centre.  Hence,  by  adding 
tie  Utter  to  tbe  mean  longitude,  we  get  3'i0"  37'  for  the  true  heliocentric 
Wagilude  of  the  planet.  Now,  if  we  compute  the  place  of  the  planet  for 
ii»  tame  iuetant  by  means  of  the  elements  derived  from  observation,  we 
iImU  obtain  $'i4*  48' for  the, true  longitude  1|.  The  difference,  therefore, 
iMtveen  the  (iclual  and  theoretical  places  was  only  1"  40'-,  and  it  is  clear 
Ihitif  ve  had  employed,  as  the  epoch  of  comparison,  the  S!.lrd  September, 
1046  (the  epoch  of  the  actual  dtscoreiy  of  the  planet),  the  result  would 
BO*  have  been  materially  difFerent. 

Tlitia  it  appears  that,  as  early  as  the  month  of  October,  184.5,  seven 
©oaths  before  any  other  person  had  arrived  at  a  similar  conclusion, 
Hf.  Adams  had  solved  the  inverse  problem  of  planetary  perturbation ; 
t^t,  by  means  of  his  solution,  he  had  discovered,  theoretically,  the 
etiitence  of  a  planet  exterior  to  Uranus;  and  that  he  had  assigned  to 

*  ClHillia''  Report  to  Ibe  Syndicate  of  the  University  of  Cambridge;  tee  idio  PhiU 
%.,  1»I7. 

t  Any 'I  Hlal.  Statement,  No,  9.  \   Airy'»  tlial.  Statement,  No.  10. 

S  Ibid.  No.  11. 

I  The  elemeiilj  here  employed  we  those  deduced  from  observation  by  Profeisor 
Vilkcrof  Wubiogton. 
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the  unknown  bodj  a  place  in  the  heavens  which  was  subsequent] j  fotmd 
to  differ  little  moi'e  than  one  degree  from  its  actual  place.  All  Uiat  waa 
now  tvnutiug',  therefore,  to  assure  both  to  Mr.  Adams  and  to  his  coixattj 
the  undivided  honour  of  oue  of  the  noblest  disooYories  recorded  in  the 
annals  of  science,  was  some  zealous  observer  to  give  effoct  to  hi* 
results,  by  carefully  eearching  the  heavens  in  the  vicinity  of  the  plaM 
indicated  by  hia  theory  m  that  occuiiied  by  the  plan<>t.  If  &neh  a 
tiny  had  been  undertaken,  and  prosecuted  for  gome  time,  it,  would  beyooJ 
all  doubt  hayo  resulted  in  the  actual  discovery  of  tiio  planet,  and  the  name 
of  Adani9  would  have  been  alone  aaaociated  with  that  remarkable  triumph 
of  science.  Such  a  congummatiou  was  not  destined  to  be  the  rewani  of 
Mr.  Adams ;  but  thia  circumstance  does  not  detract  in  the  slightest  d«> 
groe  from  tiio  merit  of  his  researches  ;  for  it  is  now  univeTS&lly  admitted 
that  he  was  the  firet  theoretical  discoyerer  of  the  planet,  and  that,  aaf 
as  the  task  of  the  mathematician  was  concemt-d,  hti  left  no  part  of 
problem  relative  to  the  determination  of  ita  actual  position  to  be 
pleted  by  others,  

A  few  days  after  the  Astronomer  Iloyal  received  Mr,  Adams'  piper  «m»- 
taining  the  elements  of  the  new  planet,  he  wrote  a  letter  to  thAtgentlemju], 
thanking  him  fitr  his  communication,  and  statuig  that  the  resulta  appeviA 
to  him  very  satisfactory*.  He  naentioned,  however,  that  he  was 
of  knowing  whether  the  theory  gave  an  eipially  satiafactory  Account  oti 
erroi'a  of  mdiuij  vector,  directing  Mr.  Adams'  atteution  to  the  fact  of 
errora  having  recently  become  very  cousiderable. 

Mr,  jUry  deemed  the  explanation  of  the  errors  of  radioa  vector  to  Imm 
ej'parijjientvm  cntck,  which  would  decide,  in  his  raind,  the  question  of  the 
legitimacy  of  Mr.  Adams*  researches,  and  he  naturally  enough  waited  for 
the  reply  of  that  gentleman  before  taking  any  active  steps  for  the  purpose 
of  discovering  the  planet.  Unfortunately.  Mr.  Adams  did  not  consider  it 
a  matter  of  importance  to  transmit  prompt  information  to  Mr,  Airy  on 
this  point;  and  it  was  not  until  inne  months  afterwards,  when  his  result 
were  confirmed  by  similar  researches,  prosecuted  in  another  quarter,  that 
any  attempt  was  made  to  obtain  their  verification.  It  must  not,  however, 
be  inferred,  from  the  fact  of  BIr.  Adams  not  having  returned  an  immediato 
answer  to  Mr.  Airy's  letter,  that  he  was  prevented  from  doing  so  by  a^y 
imperfection  in  his  solution  of  the  invense  problem  of  perturbation.  When 
once  iho  elements  of  the  unknown  plunet,  and  the  corrections  to  the  elements 
of  Uranus,  have  been  deduced  from  the  errors  of  longitadc,  the  errors  of 
radius  vector  may  then  be  calculated  by  n  direct  process  which  does  not 
inToIve  any  analytical  diflicultics  beyond  those  already  vanquished  in  thd 
MC'caniqua  OcU^.    We  shall  again  have  occasion  to  advert  to  thj^  paist. 

It  is  necessary  to  state,  before  proceeding  further,  that  Mr.  Adauu'  re- 
searches nn  the  theory  of  Uranus  were  not  hjthtsrto  made  known  to  the 
public.  The  two  astronomers  whom  we  have  hiid  fretiuently  occasion  to 
allude  to  in  connexion  with  him,  and  a  few  of  his  friends  at  Cambridge, 
appeared  Lo  have  been  the  only  indtvidiialtj  who  were  acquainted  with  Ui6i 
nature  of  his  labourij.  Wo  shall  now  give  an  account  of  the  researches  of 
the  French  astronomers  in  connexion  with  the  same  subject. 

In  the  month  of  September,  184,'5,  Eugene  Bouvard,  nephew  of  the  astro- 
nomer  Aleua  Bouvard,  presented  to  the  Institute  new  tables  of  Uranus  f. 
They  were  founded  on  the  observations  of  the  planet  caade  subseqaoatly 


•  Airy'ti  Hiit.  gt«teiBeat,  No.  12.    Thia  letter  a  dated  tbe  uth  Nove^ier,  18«& 
i'  Coinplija  Rendua  d«  TAciulejiiie,  tome  xzi,  p,  524, 
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Hp  Us  iiacovpij  in  1781,  and  on  the  anterior  obserrationa  of  Bradley, 
^jLamOBiuer,  and  Majrer  The  actual  motioD  of  the  planet  was  repreaented 
beU«r  hj  thetn  than  bj  the  tables  constructed  in  )S'2l^  but  the  residual 
omm  were  still,  in  many  instances,  too  great  to  be  accounted  for  by  any 
potable  errors  of  observatioq.  Tbia  whs  candidly  admitted  by  the  author 
of  tLe  iablea,  who  intimated  also  his  bolief  that  the  errors  were  of  such  a 
ntare  as  to  give  countenance  to  the  opinion  entertained  by  his  uncle  that 
tb^we-re  dae  to  the  perturbaliouB  produced  by  another  planet*. 

The  fart  tire  of  this  laborious  attempt  to  correct  tbe  tables  of  tJranna 
«y}|o  'mduction  of  any  new  bypothei^is,  beyond  dotibt  produced  a 

--<ioQ  on  tbe  minda  of  the  French  astronomers;  aud  it  was 
\j  this  cireuinatance  which  induced  M.  Arago  to  propose  to  his 
M.  Le  Verrier.  the  theory  of  Urauua  aa  a  subject  eminently 
rtfay  of  attention.    We  have  already  bad  frequent  occasions  to  allude 
labours  of  this  talented  mathemaltelau.     He  had  recently  been 
with  the  theory  of  comets ;  but,  at  the  suggestion  of  the  illustrioaa 
pber  just  mentioned,  he  temporarily  laid  aside  hia  reaearches  on 
tihat  aol^ect,  aud  resolved  to  institute  a  searching  iicrutiny  into  all  the 
rtfromatancses  affecting  the  motion  of  Uranus.     An  account  of  the  first 
{xrt  of  hi^  researches  appeared  in  the  CompUt  Rsttdus  of  the  Academy 
sC  Scienceii,  for  the  lOth  of  November.  1845.     It  contained  the  result  of  a 
ri^roa«  etnttination  of  the  motion  of  the  planet  according  to  the  princi- 
fuft  of  the  actual  theory.     The  only  interior  planets  ^bich  produce  sen* 
liMa  perturbations  in  the  motion  of  Uranus  are  Jupiter  and  Saturn,  and 
ti  ikese  the  latter  exercises  the  more  powerful  influence,  on  account  of 
hs  eompamtive  proximity  to  the  disturbed  planet.    Le  Yerrier  deter- 
ntned  tite  value  of  every  inequality  depending  on  the  action  of  Saturn, 
Uttt  exceeded  the  twentieth   part  of  a  second,  employing  two  distinct 
Bi«ihuda  of  calculation,  in  order  to  assure  greater  accuracy  to  bis  results |. 
Il«  tlao  computed  all  the  perturbations  occasioned  by  the  action  of  Jupiter 
Mor  did  he  confine  his  reaearches  to  the  inequalities  of  the  fir^jt  order  of 
Mgiaitude.     All  the  principal  inequalities  depending  on  the  squares  of 
Ik*  disturbing  forces  were  also  taken  into  account  by  him  J,     A  great 
nvraber  of  anudl  terms  were  thus  introduced,  for  the  first  time,  into  the 

*  Is  a  letter  from  Eugene  Bouvard  to  Mr.  Airy,  dated  the  6ih  Octoixr,  ^837.  we 
lai^to  tea  alliuioo  to  tbe  opinion  entertained  by  his  uncle,  Alexts  BouvarJ,  that  the  If 
nfMbhUet  of  Uranus  were  occuioned  by  a  di^turbini;^  planet.  A^er  odTertinii  to  the 
(MadOeiKy  of  the  table*  with  abfervatioci,  liu:  thon  procc^edi  thu& :  "  Cela  tJent-i]  A  une 
fStiDfiHttOa  inuionue  apportd^  dJans  ]c  rnouvement  de  cet  ustre  pur  un  corps  iiitu^  au- 
Mkf  39  tut  nict  mais  c'e«l  du  tnoiniTid^e  de  mon  onde." — Atiy'^  Hi^t.  Statement.  No.  3. 

f  One  of  t^kete  cnethodi  » that  to  which  allui^ion  Uiis  tj«en  made  in  page  1 15  of  tbis^ork, 

*  WbcB  Ibe  inulua)  aftion  of  tfvo  pUncts  is  cnnstidercd,  their  perturbatians  arc  fir>t 
WMpofed  bf  Hippostng  Ihem  to  move  in  ellipsc^g,  and  the  re»uUing  met^uslitics  arc  of  tbe 
fall  onkr  with  respect  to  tbe  diaturbing  forces.  In  a  second  approsicnaiion  (he  p^rturba- 
tHM  OuMLi^uent  upon  the  derangementA  of  the  motiunH  of  the  two  planets,  as  aaaigned  by 
^  tnt  tvpfoxlmatton,  are  takeD  into  acetiuni,  atid  the  inequalities  hence  dcnTed  are  of  tba 
vomA  «roer  with  respect  to  the  disturbing  forces.  It  is  iiiiportant  to  nemark  that  the 
aava^tMB  of  the  tecond  order  tnay  be  m-iteriallv  modified  t>y  the  dcimnifenients  of  Imth 

fe4l>tH&d[ing  upon  the  action  of  a  third  pUnet.     This  happen*  when  the  (heory  of 
I  »d  Saturn  is  con>idered,  the  action  dF  Ju[)itcr  GS^erciiinj^  a  very  sensible  indii- 

oio!  cm  tlic  RiiJtual  m'rturbation»  of  ihosc  bt>die».  On  aceoiint  of  hts  great  maaa  and  hia 
imi^araitTS  proximity  to  Sntum,  Jupiter  produces  Tcry  extensive  perturt»atloni  in  the 
Mion  of  that  filaoet.  Lc  Verrier,  who  resolved  lo  venfy  everjthing  by  actual  calcula- 
•iotl,  «u  iiuluL^d  hy  thia  circumstance  to  invesligate  a  great  part  of  the  theory  of  ^Saturn, 
•na  although,  in  the  prewnt  ca%,  it  was  oniy  with  the  ulterior  view  of  computing  the 
•Sinn  of  thjtt  planet  upon  UraniUi, 
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heliocentric  co-ordinatea  of  tbe  pl&net>  the  previoas  omission  of  which, 
he  shewed,  waa  aloue  sufficient  to  occasion  sensible  errors  In  the  tables. 

An  account  of  the  second  part  of  Le  Vcrrier's  researches  appeared  in 
the  Compt^a  Rgnditt,  for  the  1st  of  June,  1846.    After  having  corrected 
the  thegry  of  the  planet,  he  next  proceeded  to  compare  it  with  the  obser- 
vationsi  lu  order  to  ascertain  whether  the  latter  might  be  satisfied  bj 
applying  suitable  corrections  to  the  elements,  or  whether  it  was  impossible 
to  account  for  them   by  any  ellipse  whatever  and  the  perturbations  of 
llie  known  planeta.     He  selected,  for  this  purpose,  nineteen  ancient  ob- 
servationa  of  the  planet,  and  260  observations  made  at  the  Observatories  of 
Greenwich  atid  Paris,  during  the  period  comprised  between  the  discovery  of 
the  planet  in  1781  and  the  month  of  September,  1845.     In  order  ef- 
fectually to  guard  against  every  contingency  of  error,  he  undertook  the 
htborious  task  of  reducing  anew  all  these  observations.    Having  employed 
the  results  in  compating  the  geocentric  co-ordinatea  of  the  planet  for 
observation,  he  then  proceeded  to  deduce  from  theory  the  correspond 
values  of  the  co-ordinates.     It  was  necessary  for  this  purpose  to  dele: 
in  the  first  instance,  the  heliocentric  co-ordinates  of  the  planet  When  these 
are  known,  and  also  the  place  of  the  earth  in  her  orbit,  a  simple  caJculation, 
the  converse,  in  fact,  of  that  to  which  we  have  already  alluded*,  will  suflSce 
for  pfiHsing  from  the  heliocentric  to  the  geocentric  co-ordinatea.   Le  Verrier 
therefore  calculated  the  beliocentria  longitude,  latitude,  and  radius  vector 
of  the  planet ;  and  then,  by  means  of  these  data  and  the  places  of  the  earth 
in  her  orbit,  derived  from  the  solar  tables,  he  determined  ttie  values  of  the 
geooentrie  co-ordinatis.     Finally,  Bubtractiog  the  value  of  each  co-ordinate 
from  the  corres|H)nding  value  assigned  by  observation,  he  ubtained  tlic 
errars  of  his  theory.    The  question  which  now  offered  itself  was  this :  Can 
these  errors  he  destroyed  by  applying  Buitable  corrections  to  the  ellipiie 
elements  of  tVie  planet  ?    Now,  it  is  easy  to  obtain  the  analytical  expression 
for  the  error  in  geocentric  longitude,  in  terras  of  the  errors  of  the  elements 
of  the  planet,  these  errors  being  exhibited  in  indeterminate  forma.     In 
the  present  case,  the  only  elementa  which  it  is  necessary  to  take  ixtto 
account   are   the  mean   distance,   the   epoch,  the   eccentricity,  and  iJm 
longitude  of  the  perihelion ;  for  the  effects  due  to  errors  in  the  other  two 
elements  are  of  an  inferior  order  of  magnitude,  and,  in  cunsequeuoe.  may 
be  neglected.     By  putting  the  algebraic  expression  for  the  error  of  tlM» 
theory  equal  to  each  of  tbe  numerical  values  which  he  had  previogaly 
obtained  by  a  comparison  of  the  observed  and  calculated  geocentric  longi* 
tudes,  Le  Verrier  formed  a  series  of  equations  of  condition,  which  ought 
to    be   satisfied    if   the    discordances    between    theory   and   observatian 
were  really  due   to  enxtrs   in   the   elements.     Every  observatiou  gave 
him  a  corresponding  equation  of  condition ;  so  that  the  total  number 
of    equations   thus    formed    by  him    amounted    to    two    hundred    and 
fteventy-nine.     Setting  aside   the  equations  of  condition  depending  on 

;the  ancient  observations,  he  formed  four  final  equations,  by  a  suit- 
able combination  of  all  the  others,  and  from   them  deduced   tbe  cor> 

'tections  to  the  four  elements.  The  motion  of  the  planet,  when 
calculated  for  a  great  number  of  places  by  means  of  the  new  ellipse^ 
resulting  from  the  application  of  these  correctionB  to  the  tabular  eletneuta, 

at  ill  exhibited  discordances  with  the  actual  motion,  which  were  generally 

by  far  too  great  to  be  accounted  for  by  any  probable  errors  of  obgerratloa. 

*  S«  pag«  171. 
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It  Hnininnl.  t!i£refore,  impossible   to  ftvotd   the  conclusion  that   some 

ntffBBMms  cause  must  be  coustAQtly  actir^  upon  the  plauel,  the  intluerice 

ti  wbtcb  bad  not  hitberlo  been  taUeu  iiito  occouut  in  calculating  ita  motion. 

Im  oHer,  howeTer,  to  eatiiblisli,  beyoud  all  doubt,  tbat  the  dis<:ordaiioei 

were  not  due  to  the  pankuliir  valuta  of  the  elements  employed  by  him, 

ke  bad   recourse   to  a  geuend   method    by  which   be  formally  demon- 

lOsted  the  incompabbiii ty  of  the  exieting  theoiy  of  the  planet  with  the  re- 

■alts  of  Dbs^rrAtion'    Pur$iiiug  a  proce^  which  it  would  be  out  of  place  to 

txfiaan   bere,  he  obtained  a  tinat  equation,  one  part  of  which  wm   a 

iiMMinfioil   quantity  amonntiug  to  3D 6",  while    the   other   part  was  an 

luljniQil  expression   involving  eleven   mean   errors  of   obsen'ation   in 

fnieieiniliaata  forms,  these  mean  em>rs  being  in  each  case  ^nerally  tlie 

mriOail  of  a  great  number  of  iudividua)  errors  of  observation.     Now,  if 

tbt  ^ieottlances  between  the  computed  and  the  actiml  motion  of  the  planet 

wgm  retllv   duo   to   errors  of  observation,    this   equation   ought   to   bo 

lyffwialy  true.    The  question,  therefore,  which  now  preiscnted  itself  to 

M.  Le  V^crrier  was  this:  is  it  possible,  by  ascribing  to  the  errors  of 

otmriaLJuu  any  admissible  values,  to  reuder  the  indeterminate  part  uf  the 

•|iiaiio&  equid  to  the  numerical  part?     With  the  view  of  arriving  at  a 

itAiil«aolutiou  of  this  question,  he  gave  to  each  error  a  value  considerably 

gIMtcr  tbao  was  probably  due  to  it ;  he  further  supposed  that  the  errors 

dl  took  phce  in  the  same  direction,  aiid  aho  that  they  bad  in  all  cAses 

tnunod    iheir  maJdmnm  values,     'liiese    assumptions,  although  very 

isiprnbible,  were  all  favourable  towards  rendering  the  equation  identically 

tnie;  atill.  notwithstandtng  this  circumstance,  the  resulting'  value  of  the 

bdeterminattf  part  of  the  equation  amounted  only  to  02",  and  consequently 

dtbe  356",  which  formed  the  constant  part,  there  siill  renmtned  i264" 

VDiMminttrd  for.     he  Verrier,  therefore^  finally  concluded  that  the  tlieory 

iifUtanus  in  its  existing  state  was  absolutely  iucapable  of  representing  the 

iruial  motion   of  the   planet:    and    that  the    3fi4"  ivhich   formed   the 

nsidoAl  pMt  of  the   equation  must  be  attributed   to   some  extraneous 

mtm  acting  upon  the  planet,  and  hitherto  unknown  to  astronomers, 

Le  Verrier  next  examined  the  vaiious  hypotheses  which  had  been 
idvaneod  with  the  view  of  accounting  for  the  irregularities  in  the  motion 
df  UraiiQs,  Some  persons  imagined  that  the  solar  force  did  not  diminish 
ia  intensity  according  to  tlie  exact  ratio  of  the  inverse  square  of  the 
diftioee;  and  ihey  sui^pf^cted  that,  for  a  body  so  remote  as  Uranus,  the 
4eviitioa  from  the  Newtonian  law  might  become  sensible.  Le  Verrier 
jptijr  conAdered  all  such  hyjiolhefies  to  be  inadmissible,  until  it  was  found 
liM  the  anomalies  of  the  planet  could  not  be  accounted  for  in  accordance 
*ith  the  recognised  principles  of  the  theory  of  gravitation.  Again,  others 
mrre  disposed  to  ascribe  the  irregularities  to  the  influeneo  of  a  resisting 
OMdiom  porrading  the  regions  of  space,  Thia  ejtplanation  he  eonsiderea 
to  b«  «qwdly  unworthy  of  credit ;  since  the  ejects  of  a  resisting  medium 
bad  not  been  fonnd  to  be  sensible,  even  in  cases  much  more  £i?ourablo  for 
die  manifestation  of  its  presence. 

We«  the  errors,  then,  due  to  a  large  satellite  which  flccotnpaniedj' 
rnuius  in  its  orbit,  end  constantly  disturbed  its  motion  ?  This  explana- 
tioa  was  likeivise  untenable ;  ior  the  perturbations  produced  by  a  satt5llite 
•oold  pass  through  their  values  in  short  periods,  wljereps  the  actual 
iRiigiBlaritied  of  the  planet  appeared  to  develope  themselves  with  extreme  , 
dtnniMft.  Besides,  the  saleflite  would  require  to  bo  very  large,  and  in 
thitoua  could  not  fail  to  have  been  discovered  by  astronomers. 
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Id  tbe  next  place,  were  tlie  irregulantiea  due  to  a  cDmet  which  caroe 
into  collision  with  the  plauet,  tmd  suddenly  changed  the  direction  and 
quantity  of  its  motion?  The  effect  of  such  a  ooHiuion  would  be  to  throw 
the  planet  out  of  the  elHpse  in  which  it  was  moving,  into  another  elh{»e 
having  different  elements.  Its  motion,  therefore,  previous  to  the  epoch 
of  oollision,  and  dudng  an  indetinite  lapse  of  time  afterwarda.  would  he  sadsr 
fted  hy  two  distinct  systema  of  elliptic  elements,  and  consequently  in  neitJier 
case  ought  there  to  appear  any  outstanding  irregularities,  when  once  the 
elements  were  duly  corrected  by  naeana  of  obaervationa  relating  exclusivelj 
to  the  ellipse  under  consideration.  This  hypothecs  acquired  some  degree 
of  plausibility  from  the  fact,  that  Bouvard  succeeded  in  representing  with 
tolerable  accuracy,  by  meane  of  an  elliptic  orbit,  all  the  observations  of 
the  planet  comprised  between  the  years  1781  and  18'20.  In  order, 
however,  to  juaiify  its  adoption,  it  would  be  necessary  that  this  ellipse 
ehould  tally  either  mth  the  observations  anterior  to  1781,  or  with  thoM 
subsequent  to  1820,  cooditioua  both  of  which  had  been  found  by  ostnono- 
mem  to  be  incompatible  with  the  actual  motion  of  the  planet. 

It  was  manifeat,  then,  that  the  irregularities  must  be  occ^oned  by 
some  cause  acting  continuously  upon  the  planet,  and  varying  slowly  in  the 
intensity  of  its  influence.  This  can  be  no  other  than  a  planet,  and  th« 
question  then  ariaes:  is  it  possible  to  assign  the  place  in  the  heaveiu 
which  it  ought  to  occupy?  In  the  tirat  place,  it  could  not  be  situated  within 
Stttum,  for,  if  sOj  it  would  disturb  that  planet  to  a.  greater  extent  than  it 
disturbs  Umnua  ;  but  this  was  contrary  to  fact,  the  perturbations  which 
it  produces  in  the  motion  of  Saturn  being  insensible.  Secondly,  was  it 
situated  between  Saturn  and  Uranus?  In  that  case,  it  would  require  to 
be  nearer  Uranua  than  Saturn,  and  as  its  Toass,  in  consequence,  muist 
necessarily  be  very  inconsiderable,  the  perturbations  produced  by  it 
would  be  sensible  only  in  conjunction.  But  the  periodic  times  of  the  two 
planet*  would  be  very  nearly  equal.  It  followed,  therefore,  that  the 
perturbations  would  be  sensible  only  once  during  the  period  including  all 
the  existing  observations  of  Uranus.  This  conclusion,  however,  was  ai 
variance  with  the  actual  character  of  the  irreguhirities  of  the  planet. 
The  disturbing  body  must,  therefore,  be  situated  beyond  Uranus.  It 
must  not  he  very  near  that  planet,  for  its  masB  would  then  be  iucon^ 
iiderable,  and  its  perturbations,  as  in  the  preceding  case,  would  exhibit 
a  ch&racter  inconsistent  with  obsenaiion.  Nor  must  it  he  situated  y&rj 
for  beyond  Uranus ;  for,  if  it  were  so,  its  respective  distances  from  Saturn 
and  Uranus  would  be  comparable  with  each  other,  and  it  would  he  im- 
possible to  account  for  the  irregularities  of  Uranus  without  developiug 
Birailar  irregubirities  of  the  same  order  of  magnitude  in  Saturn  ;  hot  of 
these  there  did  not  exist  any  sensible  traces.  It  manifestly  followed, 
therefore,  tlmt  the  planet  must  be  situated  at  some  moderate  distance 
beyond  Uranus.  Now,  according  to  Bodes  law,  the  successive  distances  of 
the  more  remote  planets  are  nearly  double  each  other,  Le  Verrier,  there' 
fore,  assnmed  as  tbe  basis  of  a  hrst  approximation,  that  the  diatnrbic^ 
planet  was  twice  a^  distant  from  the  sun  aa  Uranus,  and,  arguing  similarly 
from  analogy,  he  concluded  that  it  revolved  veiy  nearly  in  the  plane  of 
the  ecliptic.  He  was  thus  led  to  propound  the  subject  of  his  researchea 
m  tlie  following  formi' — ''lit  it  pomible  that  the  irrerfutaritie^  of 
UraniiM  mny  arise  from  the  action  of  a  pfanet  situated  in  ike  ecliptic  at  a 
mvitft  diitftnee  dnufde  that  of  (Jranm  /  If  inch  i<r  the  rase,  iihat  is  ikt 
fictiuil  fiOiitimi  of  this  piatiet  '     What  »  it*  nutJts.^  and  urhtit  ara  tiu  tU* 
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mfnis  of  tkt  orlk  ichkh  it  describes?"     The  problem  being  thus  enun- 

d«te44 1«  Verrier  neit  proceeded  to  exjilaiu  his  iijethotl  of  solutiou.     It 

ms  impoEsibie  to  cousider  the  disturbiug  planet  without  also  taking  into 

aeeouDt  the  eirors  in  the  elements  of  Trauus;  for  the  irregularities  of  the 

bUer  pUiiet,  which  formed  the  datu  of  the  problem,  depended  on  both. 

tlioe  cuisea ;  nor  was  it  possible  to  eliminate  the  effects  duo  to  either  cause 

^thoot  B  knowledge  of  those  due  to  the  other.     The  problem,  therefo7«, 

afetittcd  of    goldtion  only   by  a  method  which  would  embrace  in  one 

ttnnllaraeoas  mvestigation  the  elements  of  the   disturbiiig  planet,   and 

tiie  eaiTectioDB  due  to  tbe  elements  of  Uranus.     It  was  necessary'  for  this 

forpMe  to  compute  tbe  helioeentric  co-ordinates  of  the  latter  planet  by 

meuM  of  the  actual  ellipse,  and  the  perturbations  of  the  known  planets, 

ind  then  to  apply  to  the  results  1",  the  expression  for  the  perturbations  of 

tb«  unknown  planet,  in  terms  of  itia  mn^n  and  tbe  elements  of  it^  orbit, 

T.  the  expression  for  the  correction  due  to  the  false  ellipse  of  Uranus, 

IB  terms  oT  the  errors  of  the  elements.     Each  of  the  two  laat-mentioned 

opreKions  contained   four  unknown  quantities,  and  therefore  the  com- 

dete  value  of  any  of  the  heUoeentric  co-ordinates  would  contain  eight  un- 

iBOvn  qnantitie^.     Eijuating  this  result  to  the  (corresponding  value  of 

the  coordinate  derived  from  observation,  an  equation  of  condition  was 

fanned  between  the  eight  unknown  quantities,  and  the  solution  oftheprol>- 

lem  was  redueed  to  the  elimination  of  these  quantities  from  a  syetem  of 

enefa  equations 

la  Yerrier  employed  as  the  baaiB  of  bis  researches  eighteen  errors  of 
Iidiocentrie  longitude*.  Three  of  these  errors  depended  on  observations 
<*  Ha  planet  made  by  Flamstead,  in  1690.  171S.  and  1715.  The  other 
^en  extended  over  the  penod  embraeed  between  1747  and  1845,  and 
•ere  separated  by  equal  intervals  of  seven  years.  By  means  of  these 
^hteen  errors  he  formed  an  equal  number  of  equations  of  condition. 
He  nenmrked  that  the  corrections  to  the  elements  of  Uramis  might  be 
fndilj  ettminated  from  tbe  equations  of  condition ;  and  hence  the  re' 
follJDg  equations  would  contain  only  four  unknown  quantities,  namely,  tbe 
■Mn  Ihe  epoch,  the  eccentricity,  and  the  longitude  of  the  perihelion  of  the 
dutKrlning  planet.  Now.  it  wa:^  eaiiy  to  obtain  expr^Es^ions  for  the  mnsa, 
(he  eccentricity,  and  the  longitude  of  tbe  perihelion,  in  terms  of  the 
epoch.  The  re*der  who  posseijses  a  knowledge  of  the  elements  of  mathe- 
aaties  will  benee  perceive  that  by  means  of  these  e^tpressions  an  equation 
iBtght  finally  be  formed  involving  the  epoch  alone ;  and  upon  its  elimi- 
Mtion  the  solution  of  the  problem  would  mauifesily  depend.  This  element, 
Wcrrr,  pr^ented  itself  in  such  a  conipHcated  form,  that  he  Verrier 
did  not  consider  it  advisable  to  attempt  the  solution  of  the  problem  by 
neanB  of  such  an  equation.      He  proposed  to  attain  tbe  same  end  by 


^  He  lb*d  |irpnou!tly  timploTed  Xh^tc  errors  in  demon Btraltng  the  incotnptitibiljly  of  the 
tttiml  fhemr  of  t'ianu«  with  the  requite  of  abservatioii ;  but,  m  order  to  avoid  Ui^necf^ 
nrj  taap&C^Soo,  we  did  nr<t  make  anjr  alluftlon  to  Ihcm  on  that  Mx^ation.  As  ihe  error* 
■He  all  JMb|cet  to  ihc  coudil'ion  of  tiein^  ff^uidiBtant,  it  was  impos.«ibie  to  dptermiim  Cbi-tn 
ftKnllr  except  bv  a  pruccs*  of  jutf^rpnlatinTi ;  and,  as  the  ancient  nb^en'ationi  Were  Kpa- 
Wed  from  tw-h  odier  by  contiderabie  intcnak.  it  i*  manifeat  that  in  wme  in»tancM  tba 
BBiuriwal  *»luei  of  the  errort  could  not  be  relied  ujjon  for  extreme  flCfurncy.  B«id«, 
tkpfotMble  fSed  nf  the  error  of  radius  vei-tor  was  not  taken  into  aceoimt,  Le  Vcrrier 
tiany  mm  thai  the  errori  arislnn  from  both  these  cauret  were  too  m»i^ifirant  to  de* 
lint  VHsce  wbpn  the  obj«:t  murely  wa»  (o  ftbtain  an  approximate  value  of  the  inean  longl- 
Neof^  dbturbmu  planet.  In  his  final  solution  he  cumpbtely  eluded  both  sources  of 
•  hf  OBplo^ing  u  tJjc  basis  of  h'u  iTifcatigation  ihe  geocentric  longitudes  of  ITnmu*. 
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ftssigiiing  in  the  epoch  a  succession  of  numerical  values,  and.  Laving  de 
teruiiued  by  means  of  it  the  corresponding  values  of  the  other  elements, 
then  ascertainiog  which  system  of  values  agreed  hest  with  the  obeer- 
vatioDS. 

Le  Verrier  eliminated  the  corrections  to  the  elements  of  Uranus  from  the 
equattom  of  1715,  177&,  1810,  and  1845  ;  and,  setting  aside  tliose  of  1690 
and  1715.  he  grouped  the  remaining  twelve  into  three  meaii  equations  cor- 
responding to  the  years  1758,  ITHd,  and  1HS8.  Each  of  these  equations 
contained  the  mm%  the  ei!centrieity,  the  longitude  of  the  perihelion,  and  the 
epoch  of  the  disturbing  planet,  Now,  by  assigning  any  particular  valae 
to  the  epoch,  it  waa  easy  to  determine  the  values  of  the  other  three  un- 
known quantities.  These  values  might  then  be  employed  in  computing 
the  place  of  Uranus  corresponding  to  any  given  obaervation :  and,  by  a 
comparison  of  the  observed  and  computed  places,  the  error  of  the  theoiy 
depending  on  the  assumed  value  of  the  epoch  might  be  ascertained.  Le 
Verrier  proposed,  by  this  means,  to  compare  hiss  theory  with  the  observa- 
tions of  1690  ajfid  1747  for  a  great  number  of  values  of  the  epoch,  with 
the  view  of  discovering  whether  the  errors  in  any  case  were  so  small  that 
it  might  he  fairly  presumed  they  were  due  to  eri'org  of  observatioti.  This 
was  the  criterion  by  which  he  reaolved  to  test  the  legitimacy  of  his 
theory ;  and  its  suitableness  for  this  purpose  may  be  readily  understood, 
for  it  \3  manifest  that  any  errors  committed  in  the  calculation  of  the  ele- 
ments of  the  disturbing  planet  by  means  of  the  equations  of  condition, 
founded  mainly  on  the  modem  observations,  could  not  fail  to  produce 
aensible  effects  when  the  theory  was  compared  with  the  more  remolo  nb- 
eervations  of  1690  and  1747*.  In  order  to  confine  his  labours  within  as 
narrow  a  sphere  as  possible,  he  proceeded  to  inquire  what  Tallies  of  the 
epoch  wore  really  admissible,  for  it  was  useless  to  employ  any  values  that 
did  not  tally  with  the  conditions  of  the  problem.  Now,  it  was  clear  that 
those  values  of  the  epoch  which  assigned  negative  values  to  the  maas  ought 
to  he  rejected,  for  all  such  values  implied  that  the  disturbing  planet  exerted 
on  Uranus  a  piufhing  force,  and  not  an  attractive  force,  conformably  to  the 
theory  of  graTiitiition.  Le  Verrier  found  by  an  elaborate  and  skilful  scrutiny 
of  the  form  of  the  algebraic  expression  for  the  mass  that  it  had  a  positive  signi* 
flcation  for  all  those  values  of  the  epoch  comprised  between  06°  40'  and 
189°  55^  and  also  for  those  between  yfiS''  8'  and  358"  41' ;  and  that  it  was 
negative  for  all  the  remaining  values  comprised  within  the  circuit  of  the 
ecliptic.  Again,  it  was  evident  that  those  values  of  the  epoch  which  made  the 
mase  immooerately  large  were  inadmissiible ;  for,  in  all  such  cases,  the  planet 
would  produce  sensible  perturbations  in  the  motion  of  Saturn ;  but  this  con* 
elusion  vfOH  at  variance  with  observation.  Hejecting  all  such  values,  Le 
Verrier  succeeded  in  bringing  still  nearer  to  each  other  the  limits  he  had 
previously  found.  The  arc  which  had  M"  40'  and  iSfl"  a5'  for  iLs  limits 
now  extended  only  between    108°  and   162*;   while  the  arc  which  was 

*  Some  of  Dor  rcadcra  majr  be  (ljsj>osoc]  to  conclude,  by  iimilar  reasoomg,  (lul  it 
would  be  more  advantaseous.  to  teat  the  tbeorj'  by  the  n^uation!!  of  17J2  and  1690  iban 
by  those  of  17i7  and  ](i90.  This  U,  no  dDubt,'tru(i  in  an  abaoluie  seaae-,  but  H  matt 
be  borne  in  mind  tliat  the  ct^nation  of  1715  waa  employed  far  the  purpate  tif  eUiDiDatliig 
the  corrections  to  the  elifnient<t  of  Uranus,  and  was  on  this  account  invariably  e<)Ujd  to 
KFO.  hif  euy.  then,  to  perceive,  when  we  take  into  aecount  tiie  close  jiroitiutty  of  the 
Dbaervmtioiu  at  \71'2  and  171^,  that  the  equation  of  1712  iruuld,  in  at]  caMts^  be  eiceed- 
iRgly  amall,  and  cnn^-cjuttntiy  it  could  be  of  little  vaiuiii  in  teiting  tlm  Atsiutmcj  of  Ibe 
theory  in  any  particular  case. 


Ij  26S=  8'  aDd  afifi*"  41'  was  now  wholJy  included  between  297'* 

It  only  now  remained  for  him  to  compute  the  values  of  the  mn&s,  the 
itrk-ity .  and  the  longitude  of  the  perihelion  of  the  disturbing  planet, 
u,  nuiii)»er  of  particular  values  of  the  epoch  contained  between  those 
lita  which  he  had  found  to  include  all  the  admis^ble  valuest  and  then 
to  delenuine  ttie  corresponding  errors  of  tJie  theory  in  lOflO  and  11  il. 
This  calculation  ho  executed  for  a  great,  number  of  equidistant  values  of 
llie  epoch,  but  he  was  morticed  to  find  that  the  errors  Here  in  all  cases 
•0  nnaideiable  that  tliey  could  not  be  accounted  for  by  any  probable 
tatn  of  obserfation,  and  the  wudiwion  seemed  to  be  inevitable,  that  ib 
me  ab^otuiely  impossible  to  r^pra^ent  the  Irregularities  of  Urauus  by  the 
bypotheais  of  a  disturbing  planet  Thus  it  appeared  to  him  that  lie  was 
di  the  while  engaged  in  pursuing  a  phantom,  or,  to  use  the  words  of  the 
lilu&trioua  Kepler  on  a  aimilar  occasion,  "all  his  labours  vanished  in 
WBoke."* 

Notwith^ttttidiog  this  unexpected  conclusion,  Le  Verrier  was  still  reluc 
tmt  to  abandfirn  the  hypothesis  of  an  exterior  planet;  for,  in  such  abstruse 
ad  eomplicaied  inquiries,  there  may  exist  just  reasons  for  supposing  thai 
tb«  bnal  results  have  been  influenced  in  an  inordinate  degree  by  some 
tudieu  Clause,  depending  either  on  the  tnethod  of  solution  or  on  the  na< 
taa  of  the  problem  itself.  He  did  not  tlierefore  despair  of  rendering  his 
llwovy  consistent  T*ith  observation  by  the  detection  of  some  peculiarity  of 
litis  kind ;  nor  did  his  genius  fail  to  come  eventually  to  his  aid  in  thia 
Mnleung  emergency.  He  discovered,  in  fact^  that  the  form  of  the  ana- 
Jftml  expression  for  the  mass  was  such,  that  a  vet^*^  small  error  committed 
ib  the  obeerratioDS  of  Umnos  would  affect,  to  an  enormous  e:ctent,  its  nu- 
atdnl  value  eorresponding  to  any  given  value  of  the  ejiocb ;  whence  it 
ffrUoired  that  the  errors  of  the  theor}*  in  lOflt)  and  1747,  ^hich  had  been 
ooatputed  by  means  of  the  valuer  of  the  mass,  and  the  other  elements  of 
tlrt  diaturbing  planet  obtwued  by  supposing  the  observations  to  be  abao* 
btelj  correct,  had  not  been  fairly  represented  by  the  results  relative  to 
tiwse  qaastiCies  at  which  he  had  tinally  arrived.  It  appejired  to  him, 
tberefore,  that  no  legitimate  conclusion  could  be  deduced  from  the  equa- 
boot  of  condition  until  the  supposition  of  possible  errors  in  the  observa- 
tioos  m»  introduced  into  them.  He  now  resumed  the  consideration 
fif  the  tttree  mean  equations  of  1758,  J793.  and  ISiiSt  aasuming  that  all 
t4e  obMrviliotis  which  entered  into  their  composition  were  aHected  with 
imlminiiiaate  errors.  By  a  simple  inspectiou  of  their  forms  he  discx>vered 
that  these  equations  could  only  be  affected  to  a  sensible  extent  by  the  errors 
«if  the  ebeervationa  of  17 15  and  1775 f.  In  addition,  therefore,  to  the  four 
tt^bw«n  quantities,  relative  to  the  disturbing  planet,  each  equation  con- 
diMd  tbese  two  em*r6  represented  by  appro[>riate  ^symbols.  He  now  re- 
sohed  to  Ba9tgn  a  suocesaion  of  values  to  the  epoch  in  the  two  ei)^uations  of 

*  IliqiM!  catus  pKptcK,  cap.  xh.  in  fumos  abeunt,  Dn  Motibu*  SteUa  MurtU,  cap.  1v. 
Sicrii  m  the  lemiB  io  vrhich  Kepler  anafmnccs  the  fdilurt*  uf  hi^  ovaI:  t!ii>ory  to  acootiut 
iiFlW  nolinn  vf  Mars,  a  theory  to  which  he  lung'  conlinu^d  tn  cltng  with  the  n\ost  ahsO' 
|m« fOBfioCKin  of  it»  truths  and  upon  which  tm  exf^etiiied  in  almost  incredible  amount  of 
'^Bsiem  feMimuig  mttd  tcAteome  calculation.  While  pondering  in  f^^at  perplexity  <tn 
Ox>  mg«  of  the  failure,  a  happy  inspitatjon  of  h'n  geniuis  revealed  to  hin]  llie  grand  truth 
fbit  ilie  orbjt  of  the  planet  is  an  ellipiie. 

t  Tt*  CTTOra  of  observation  for  I  BIO  and  IR45  were  also  sitnilwly  calculated  to 
*8«irhe  equations;  buf,  (»th*'V  wen;  in  nil  prohahility  verv  small,  Le  Vcmcr  cmisiflcred 
^t  k*  oiignt  ^aSeiy  diiipenie  with  taking  thein  into  account. 
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1T03  and  1828,  and  then  to  eliminate  from  them  the  eccoutiiciiy  aiul  Uj« 
longiiQile  of  the  perihelion  of  the  disturbing  planet.  From  whitt  we  have 
already  said,  relative  to  the  composition  of  theae  equations,  it  is  mauifest 
that  each  of  the  eliminated  elemeats  would  be  expressed  io  terms  of  three 
unknown  qiiantitiea,  namely*  the  mass,  and  the  two  iddeterminate  errors 
of  observation.  He  now  proposed,  by  means  of  them,  to  determine  ihe 
errors  of  the  theory  in  161*0,  1747,  and  1758.  in  order  to  ascertain  whether 
they  might  be  made  sufficiently  small  for  any  value  of  the  epoch.  These 
errors  no  longer  appeared  in  the  form  of  simple  numeric^  insults,  as  they 
did  by  his  first  method.  They  now  contained  riie  mass,  and  tlie  two 
errors  of  observation  in  indeteimiuate  forms ;  and  it  wels  only  by  a  discus- 
sion founded  on  the  limits,  within  which  each  of  these  three  quantitiee^ 
might  possibly  vary,  that  the  numerical  value  of  the  error  of  the  theory 
could  be  in  any  case  arrived  at. 

Le  Verrier  proceeded  to  apply  thia  method  of  investigation,  purposing 
to  extend  jt  to  the  whole  of  the  ecliptic.  For  this  purpose  he  made 
the  epoch  of  the  distm'bing  planet  vary  for  every  9"  from  zero  to  360°, 
and  computed  the  corresponding  errors  of  the  theory  in  1690,  1747,  &nd 
1758.  Examining  the  expressions  for  lliese  errors,  he  found  that,  for  all 
valuea  of  the  epoch  from  Kero  to  189",  no  admissible  values  of  the  mass 
and  the  other  two  indeterminate  qnantities  could  render  the  results  in  all 
the  three  cases  so  small  that  they  might  reasonably  be  attributed  to  errors 
of  obsej-vation.  As  the  epoch  increased  from  189'^,  the  errars  in  each  of 
the  three  cases  began  to  diminish,  and  they  all  became  very  small,  when 
it  attained  a  value  equal  to  M'^"  or  'i^H^t  or  any  of  the  intermediate 
Talues.  B'rom  25'2'  the  errors  began  to  increase  and  boor  became 
inadmissible ;  nor  did  they  present  any  diminution  throughout  the  remain' 
ing  part  of  the  circumference  of  the  ecliptic.  Le  Verrier  therefore  cams 
to  the  conclusion  tiiat  there  is  only  orte  reffwn  of  the  ecliptic  in  ithieh  it  U 
poHsible  to  place  tiw  distuThtnfj  planet  so  ms  to  account  for  the  movtrtfteati  of 
Urttjius^  and  that  the  mean  lortffitudg  of  this  platutf  on  th^  lit  of  Janitatyt 
1800,  mmt  be  indiidcd  bt^ttrem  ]iiiV  and  'ibH". 

The  next  point  to  tiscertain  was,  whether  a  planet  actually  situated  in 
the  region  indicated  by  his  researches  ivould  account  geneiully  for  the 
irreguhirities  of  Uranus ;  for,  although  he  had  found  that  a  planet  whose 
mean  longitude  was  somewhere  about  aSii",  and  whose  eccentricity  and 
longitude  of  perihelion  were  deterniiined  by  the  equations  of  1793  and 
1828,  would  also  satisfy  the  equations  of  IflOO,  1747,  and  1758,  it  did  not 
follow  as  a  necessary  consequence  that  all  the  equations  of  condition  depend- 
ing severally  upon  the  individusl  observations  of  the  planet  would  also  b* 
satisfied  by  the  same  supiwsition.  In  order  to  establish  this  point,  he 
resolved  to  compute  the  errors  of  the  theoni"^  corresponding  to  the  eighteen 
individual  observations  which  formed  the  basis  of  his  researches.  There 
\»isa  tjiis  advantage,  however,  gained  by  his  previous  labours,  that  it  was  no 
longer  necessary  to  extend  his  iuvestigation  to  the  whole  circuit  of  the 
ecliptic,  it  iKJing  merely  sufficient  to  examine  the  region  in  which  he  had 
already  found  that  the  planet,  if  really  existing,  must  be  situated,  at  tlic 
coraroenceraent  of  the  year  1800.  With  this  view  he  formed  eighteen 
expressions  for  the  errors  of  the  theory  for  five  equidistant  values  of  the 
epoch  comprised  between  234"  and  2H)°,  the  corresponding  values  of 
the  ecceutricity  and  the  longitude  of  the  perihelion  being  derived,  as 
before,  from  tlio  two  mean  equations  of  1793  and  l8Q.f^.  The  result  of 
this   investigation   niTorded  a   complete  confirmation  of  his  previous  re- 


^ 


He  now  found  tLat,  when  the  eptxh  was  made  equal  to  '^52", 
dghteen  eirors  of  the  tlieorr  could  he  no  dimmisbed  by  assrgtiiti^  to 
iKe  maas,  tud  the  two  iudetenniuftto  error*  of  observation,  values  within 
tluiiT  prescribed  limim,  that  the  residual  quantities  might  reasoimblj  be 
lopiKised  to  ans€  from  errors  of  obsen-ation.  As  the  epoch  diverged  on 
efteo  Kide  of  25S*,  the  errors  coatiuued  Bmal]  for  the  hnt  9"^;  but  after- 
mrdi  tkej  began  to  iocrease,  and  became  iuodtnissible  before  it  reached 
2S4*  Of  STO".  He  therefore  concluded  that  the  observatious  of  Uranus 
might  generally  be  eatisfied  by  the  hypothesis  of  a  disturbing  planet,  whose 
meui  longitude  a-t  the  commenceiuient  of  the  year  1800  vas  nearly  equal  to 

It  still  remajoed  for  him  to  determine  the  approximate  value  of  the  true 
longitude,  a  knowledge  of  which  was  indispensable  to  the  discovery  of  the 
plaset  For  this  purpose,  it  vraa  necessary  for  him  to  investigate  the 
iabit»  of  the  eccentricity  and  the  jierihelion  corresponding  to  the  value  of 
adopted  by  him  as  the  most  probable  approximation  to  the  truth. 
expressions  for  these  elements  viere  obtained  by  elimLDHtiug  them 
the  mean  equations  of  1 703  and  li^^8,  after  substituting  fur  the  epoch 
namericaJ  vsdue  UbW^  and  consequently  each  of  them  contained  three 
mknofiti  quantities ;  namely,  the  mass  and  the  two  indeterminate  errors 
of  obserraiion.  By  a  skilful  discussion  of  the  errors  of  the  theory  corre- 
■poiiding  to  tlte  eighteen  fundamental  equations  of  conditions,  Le  Verrier 
niut  already  arrived  at  approximate  values  of  these  three  quantities*. 
He  therefore  readily  determined  the  numerical  values  of  the  eccentricity 
tad  the  longitude  of  the  perihelion  |;  by  tocaos  of  which,  and  the  other  two 
dements  already  known,  he  computed  the  approximate  value  of  the  true 
loiigitude.  He  finally  concluded  that  the  true  longitude  of  the  diatufbiug 
pLmet  for  the  1st  of  January,  1647,  was  325",  and  that  the  probable  error 
did  not  exceed  1  (f. 

Le  Verrier'a  paper  contained  the  earliest  account  of  researches  reapect- 
iog  the  hypothetical  planet  that  was  given  to  the  world,  and,  oa  may  well 
beoonceired,  it  wai^  read  wiih  delight  by  all  Uie  astronomers  of  Europe, 
Mr,  Airy  received  the  Com;i»fnr  Rtfudus  for  the  lat  Juue,  on  the  "iSrd  of 
tlie  asm*  month.  Finding  that  the  place  assigned  by  Le  Verrier  tx}  the 
diaturbiiig  planet  did  not  differ  more  than  a  degree  from  that  which  Mr. 
Ai^ma  had  aasigned  to  it  eight  months  previously,  he  felt  a  £itrung  per- 
Kiiaeion  of  the  accuracy  of  the  labours  of  both  mathematieiaus.  lie  was 
iliU,  however,  anxious  to  ujsoertain  whether  the  action  of  the  hypothetic 
plM>et  would  account  for  the  errors  in  the  radius  vector  of  Uranus  m  eatis- 

torily  SH  it  accounted  for  the  errors  in  longitude,  and  he  now  applied  to 
Le  Verrier  for  information  on  this  point,  as  on  a  similar  occasion  he 


•  Lt  Verrier,  mdeed,  iJoea  not  ^vc  any  account  of  the  method  by  which  he 
miffttd  to  the  errors  of  obeen-alioti  iheir  most  probable  vaTuei;  but  it  it  probable  chat 
Iv  Acted  tbiB  object  hj  a  careful  cofTiparisDn  of  the  rcudual  <;rrors  oflhe  ibeory,  which 
i*  til  aae*  «wii!  exprei^Kd  in  \ermt,  of  the  tna.«8,  and  the  tvtn  mdetcrRiJn&Te  qiuntitiet  do- 
MtM^  A^  efron  of  oliservatjoD,  Ii  i-<;  not  iinpo;9aiblQ  also,  that,  in  ordur  to  asmro 
WHttt  aecancy  to  his  re»ulu  in  the  present  juMaiice,  he  took  into  account  the  effect 
rf  the  trvvn  nf  olMurvalion  for  1810  atid  184^;  fur,  although  the  prcsu coed  insifnii^- 
CMK*  of  tbe«e  erron  allowed  their  rejecUon  when  the  object  was  men-ly  to  a>iCcrUun  the 
[ion  orth«4«cJiplJciTi  which  ibc  pl^nel  wai  to  be  found,  «til],  when  the  question  referred, 
'  detemijnaiTon  of  iti  actuol  position,  it  is  not  difficult  to  percuivc  the  de4Jrahlene*» 
iiag  tbeis  iflCo  accounU  In  tutX  Lc  Wrrifir  fhcws,  al  page  'Hi-I  uf  hi»  Mcmaif,  that 
'eserailc  a  mj  aetMihle  influi-neL-  on  tlie  uiiimatc  values  of  ^hv  trrors  of  the  theory. 
The  piper  in  the  Comptes  Remdus  for  the  1st  Jiiije  doet  not  contain  aoy  ngmurical 
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had  applied  to  Mr.  Adatns.  In  hla  letter  to  the  Freticb  mathematiraan, 
he  remarks,  that  the  tabular  radii  vectores  of  Uranus  were  too  snialt  in 
rec^eTlt  j6a].*B ;  iind  ha  asks  whether  this  would  result  from  the  disturbance 
of  im  exterior  planet  cjcctipyiii  g  the  position  indicated  by  the  theiorT.  *'  I 
imagiQe,"  says  Mr.  AitT,  "  that  it  would  not  be  so,  because  the  prindpttl 
term  of  the  inequality  would  probably  be  analogous  to  the  moon's  varia- 
tion, or  would  depend  on  sine  "i  [v — v') ;  and  in  that  case  the  perlurbo- 
bation  in  radius  vector  would  have  the  sign  —  for  the  present  relative 
position  of  the  planet  and  Uranus.  But  this  analogy  is  worth  Little  until 
It  is  supjwrted  by  proper  aymboltcal  computations." 

The  reply  of  Le  Verrier  to  the  Astronomer  lloyal  was  at  once  prompt 
and  satiafactory.  He  stated  thai  hie  theory  aceounted  for  the  errors  of 
radius  vector  as  well  aa  tbo^e  nf  longitude  ;  and  he  explained  the  circum' 
stances  which  caused  them  to  dieap[>ear.  We  have  already  menCaondd 
that  the  irregularities*  of  Uranus,  if  due  to  a  disturbing  planet,  must  have 
proceeded  partly  from  the  errors  iti  the  elements  of  the  planets  own  orbit, 
and  partly  from  the  perturbations  occasioned  by  the  undiscovered  planet. 
Now,  Le  Verrier  found  that  the  errors  of  radtiis  vector  almost  -wholly 
vanished  when  he  applied  to  the  elements  the  corrections  derived  from 
the  ertxtrs  of  longitude.  It  was  clear,  then,  that  the  erroTB  directly  de- 
pendent on  jierturbfttiou  were  quite  insignificant,  compared  with  theea 
>;«iising  from  the  distortion  of  the  orbit,  and  this  circumstance  aSbrdfd  a 
Batisfactory  explanation  of  the  apparent  Inconsistency  between  theory  and 
olwervation,  alluded  to  by  the  Astronomer  Koyal  in  his  letter  to  La 
Verrier.  The  latter,  in  fact,  found  that  both  the  e^jcentricity  and  the 
lougitudc  of  the  perihelion  ought  to  be  increased ;  and  it  happened,  in  ocm- 
eequence  of  the  actual  position  of  the  planet,  that  the  application  of  the«a 
corrections  bad  the  effect  of  increasing  the  tabular  value  of  the  radius  vector 
ftlrooat  to  the  whole  estent  required  by  the  observations  *. 

The  results  of  Mr.  Adams,  which  received  so  remarkable  a  confirmation 
from  those  of  M.  Le  Verrier.  appeared  now  to  the  Astronomer  Koyal  to 
be  established  beyond  all  doubt  by  the  satisfactory  communication  he  re- 
ceived from  the  lutter  of  these  mathematicians.  At  a  meeting  qf  the 
Board  of  Visitors  of  the  Observatory  of  Greenwich,  held  on  the  ^flth 
June,  1846,  Mr.  Airy  mentioned  the  near  agreement  of  the  results  ob- 
tained by  Le  Verrier  and  Adams  relative  to  the  supposed  existence  of  a 
planet  exterior  lo  Uranus ;  and  he  suggested  in  strong  terms  the  desir- 
ableness of  some  Observrttoi'y  devoting  its  resources  to  a  systematie 
search  for  the  undiscovered  body.  In  pursmmce  of  this  view  he  wrote  i 
letter  to  Jlr-  Challis,  dated  the  (tUi  July*  recommending  ati  examination 
of  the  heavens  with  the  Northumberland  refractor,  and  offering  to  supply 
him  with  an  assistant  if  he  should  not  have  leisure  to  superintend  tlie 
operation  personally  f.  On  the  i3th  of  the  same  month  he  wrote  a  second 
letter  to  Mr.  ChalHs  on  the  same  slibject,  inclosing  in  it  a  paper  b«ad6d. 
'*  Suggesdons  for  the  Examination  of  a  portion  of  the  Heavens  in  eamli 

•   Airy's  Htsl.  Si  ale  me  nt,  No.  1 4. 

f  Airy's  Hiat.  SiateineTit.  No.  15.  It  it  perhaps  rig^hl  tn  Ttipntion,  for  the  u««of  ioiiM 
of  our  readpni,  that  sit  Greenwlrli  the  object  of  the  ohsenatiann  is  (o  rfetertnini?  with  tliA 
utniMt  fKKsibip  precipitin  ihv  sijiparent  ptwtions  of  (he  ecWtiBLl  bo^ie^,  nthor  ilmn  to 
acquire  a  knowlnlj^e  of  iJit'  phj>i<.'a1  stTiictnn?  of  the  heitven*,  Tele*iPopc«  of  great  pswCT 
are  tmt,  therefon%  reijuireJ  at  ilie  Riiyal  Ob^icrvinory,  In  tbe  presetvt  initance  it  ww 
necesMry  to  eiliwrve  all  the  -itan;,  in  the  [mri  nf  (be  heavens  nppointpd  for  ex^tniiiatJon, 
down  to  ibe  tt'iif h  mnfirnitudi!,  but  at  Green »vii-l>  tlji-ri?  vTcre  no  Iclescnpi-a  siifficientlj  powei*- 
fal  fiirthU  purpoBp.  The  initnimetit  alluded  to  by  Mr,  Airy  ii  a  magnitit^ent  refractor  pre- 
ientnl  to  the  Univereity  of  Cambririge  by  the  lalu  Dulc«  of  Nortbumbpriand. 
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of  the  New  Flftoet"     He  proposed  taking  a  sweep  of  the  hearetis  in  the 

dineiion  of  the  eclipticr  30''  long,  and  l6^  brood,  the  centre  being  thd 

^•M  indicated  bj  the  theoiy  as  the  locus  o(  the  planet.     Tbe  paper  oon- 

tuned  the  details  of  a  plaa  &>r  condacdng  the  exammeitiaD.     In  his  letter 

be  m^  **  I  only  add  at  present  that  in  nij  opinion  the  importance  of 

this  inquiry  cxceedis  that  of  any  cnrrent  work  which  is  of  such  a  natara 

as  tint  to  be  totally  lost  by  delay."  *   Professor  Challis  declined  Mr.  Airy  s 

oAer  cf  m  assbtant,  having  himself  formed  the  resolution  (as  he  had  pre> 

THQily  intlanated  to  Mr.  Adams  f )  of  searching  for  tbe  planet  on  the  oc- 

CtiioD  of  the  approaching  opposition.     Having  received  a  paper  from  J^Ir. 

AdoDS,  ooDtaining  in^lructions  relative  to  the  theoretical  place  of  the 

pknet,  he  commenced  his  obsorratioiis  for  this  puqwse  on  tbe  29th  July  % 

The  plan  contemplated  was  to  sweep  over  the  region  of  tbe  zodiac  selectee! 

tat  examination  at  least  three  times,  completing  eaich  sweep  before  the 

(mmenoetnent  of  tbe  following  one.     It  wa;^  concluded  that  to  accomplish 

iMt  dbject  three  hundred  hours  of  observing  would  be  required.     The 

ry  of  the  planet  would  be  effected  by  finding  that  one  of  the  stars 

the  examined  region  had  not  the  same  position  in  eajch  sweep.     Mr^ 

h&llis  continued!  to  prosecute  hia  search  till   the  end  of  September. 

We  shall  find  that  his  observations  cont^ned  more  than  one  place  of  the 

pUnet,  and  that  their  subsequent  oomjMrison,  uhich  wax  included  in  tJu 

plan  of  QptratioiUt  would  have  infallibly  led  to  its  discovety. 

We  now  rettim  to  Mr.  Adams.  On  the  2nd  September,  1646,  he  trans- 
esilted  a  second  paper  to  the  Astronomer  Kojal,  containing  an  account  of 
id*  further  researches  on  the  TranG-Uranian  planet.  A  comparison  of  his 
Mgtnal  results  with  the  observations  of  Uranus  had  induced  him  to 
Mwctt  that  die  mean  distance  was  somewhat  too  great.  H  e  therefore  dimi- 
flined  it  U>  the  extent  of  -^th,  assuming  it  to  he  equal  to  3T.5.  and  then 
njpeite<l  hia  previous  solution.  He  Imped  that  by  this  means  the  theory 
nwilil  bd  brottght  to  agree  better  with  the  observations  of  recent  years, 
ad  that  a  smaller  vnlue  would  be  obtained  for  the  eccentricity,  whioh  ap- 
pned  to  him  too  lat^e,  as  it  rci^ulted  from  his  &^t  hypothesis.  In  bis 
anniuucaiion  to  the  Astronomer  Koyal,  he  gave  the  elements  of  tba 
(Intet  by  the  two  hypotheses  of  the  mean  distance,  and  appended  a  list  of 
nadnal  errors  of  longitude  formed  by  a  comparison  of  his  ttteoty  'nith  a 
number  of  observations  of  the  planet  iti eluded  between  the  years 
713  and  1840.  These  errors  were  smaller  by  the  second  hypothesis 
ihan  by  the  first,  and  the  eocenlricity  was  also  considerebly  diminished. 
Mr.  Adams  was  of  opinion  that  by  continuing  to  diminish  the  m^n  dis- 
tmc^  tbe  theory  might  be  rendered  still  more  accordant  with  observation, 
and  he  wu  induced  to  conclude,  from  an  examination  of  the  residual  errors 
ofreeeut  je«r^»  that,  by  assigning  to  the  mean  distance  a  value  equal  to 
88.4,  a  vei^-  near  approximation  to  the  truth  would  be  obtained.     This 


■  Alryli  Hilt  Simteamt,  No,  16, 

t  ClwUii'  Report  to  the  Syndicate  of  the  rnivenity  of  Cambridge. 

^  Ibi^  ll  muA  be  borne  in  Riind  that  nt  thU  t'tmu  Le  V^errier  had  ubtaincd  an  ap- 
fnauatu  nine  of  the  poihion  of  the  planet^  but  hid  not  aligned  dctGrminate  values  to 
lictBiaa  Of  ihe  clement^  of  ibe  orbit.  A  knowledge  of  the  mafi  wna  necessary  for  the 
pffpne  of  ajtcertaining  the  dan  nf  stan  among  which  U  mffht  be  expected  thitt  the 

&inNitd  be  found.     Mr.  Adamt,  ^ided  by  hit  thenreticil  results,  bad  neptioncd  In 
tor  CbatUa  tb^t  ihe  pliint-t  wnuld  be  equal  to  a  star  nf  the  ni»tli  magnitude.     Tlili 
tSOtoalKtoe  induced  Mr^  ClwUis  to  note  the  position!  of  all  dars  down  to  the  tenth  ma^- 
'  u     The  adual  disooTcry  of  Ihe  pUncl  hm  ehewn  that  tbe  nin^<!  of  search  adopted 
Looee  mc&mrv  and  mimctenl. 
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surmise  has  been  fiillj  borne  out  hj  the  reiiuJts  derived  from  actual  obser- 
vations of  the  planet;  and,  ^hile  it  is  highlj*  creditable  to  Mr.  Adams' 
sagacity,  it  also  shews  the  thorough  iunight  he  had  obtained  into  the 
mutual  bearings  of  the  varjous  parts  of  the  intricate  problen)  with  "which 
he  was  engaged.  The  following  are  the  elements  he  deduced  from  bis 
second  hjpodiesiB  of  the  mean  distance : — 


Mean  longitude,  October  I,  1B46 
Longitude  of  the  perihelion 
Eccentricitj     .... 
Mass        .         ,         .         ,         . 


823"  2' 
S9r  II' 

,0niji5O03 


Mr>  Adams  gave  e^tarnples  of  the  coReotioii  to  the  tabular  value  of  the 

radius  vector.  The  correction  for  1834  almost  coincided  with  that  which 
Mr.  Airy  had  deduced  from  observauon.  The  corrections  for  later  years 
were  not  quite  so  satisfactory ;  but  in  ihis  respect  also  the  second  hypo- 
thesis presented  a  better  agreement  vdih  observation  than  the  firat  did- 
Mr.  Adams  mentioned  that  be  was  then  engaged  in  determining  the  in- 
clination and  place  of  the  node,  and  that  he  hoped  to  complete  his  investi- 
gation in  a  few  days. 

The  corrections  to  the  tabular  radius  vector  transmitted,  on  this  occft* 
sion  by  Mr.  Adams  to  the  Astronomer  Royal,  uaturally  suggest  a  few 
remarks.  We  have  already  mentioned  tiiat  the  latter  attached  much 
value  to  this  part  of  the  theory,  as  affording  a  criterion  for  le&ting  the 
accuracy  of  the  results  derived  from  the  researches  un  the  mocion  in 
longitude.  We  can  easily  imagine  that  some  of  our  readers  will  he  slow 
to  concur  with  the  views  of  the  Astronomer  Royal  on  this  point.  If  indeed 
the  cause  of  the  irregularities  of  Uranus  was  doubtful,  it  is  not  difficult  lo 
perceive  llrnt  the  explanation  of  the  errors  of  radius  vector  by  the  t>ertui'- 
hations  of  an  assumed  planet  would  possess  much  weight  in  establishing 
the  legitimacy  of  such  an  hyixithesis  ;  for,  granting  that  the  irregularitieii 
were  due  to  some  other  cause,  although  it  Ls  conceivable  that  the  theorj"  of 
gravitation  might  be  made  to  represent  the  errors  in  longitude  by  a  suit- 
able  evaluation  of  the  constants  of  the  problem,  it  is  utterly  im- 
probable that  the  same  constants  and  the  same  value^t  of  them  v^ould  aJiso 
account  for  the  errors  of  radius  vector,  with  which  they  had  no  phj'stical 
connexion.  But  the  necessity  of  computing  the  eiTors  of  radius  vector  in 
addition  to  those  of  longitude  does  not  appear  iM^  obvious,  if  it  be  admitted 
that  the  irregularities  of  Uranus  are  really  due  to  a  dist-urbing  planet,  and 
that  the  sole  point  to  be  decided  was  the  accuracy  of  the  results.  In  this 
case  it  was  known  n  priori  that  the  constants  which  entered  into  the  ex- 
pressions of  the  errors,  both  of  longitude  and  radius  vector,  were  the  tfond 
fide  representatives  of  the  physical  eJemeuts  of  the  problem.  It  was 
also  known  that  these  expressions  were  legitimately  deduced  from  esta- 
blished principles,  and  consequently  were  not  mere  empjrical  formulte. 
Hence  it  might  be  presumed  that  results  which  accounted  so  satisfactorily 
for  the  errors  in  longitude)  throughout  a  period  embracing  more  than  a 
revolution  and  a  half  of  the  planet  could  hardly  fail  to  account  with  equal 
fidelity  for  the  en*ors  of  radius  vector.  This  reasoning  involves  the  tacit 
assumption  that,  if  certain  values  of  the  unkuovt'n  quantities  of  the  problem 
satisfy  the  errors  of  one  of  the  co-ordinates  of  the  planet,  they  must 
either  be  absolutely  correct,  or  must  constitute  very  near  approxitna- 
lions  to  tlie  truth.  This  principle,  however,  is  at  variance  with  the 
result  of  researches  in   physical  astronomy,  for  it  has  heyu   found, Jj* 
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which  we  are  actuallj  i:»)ti3idering,  ihaX  the  equations  of  coti- 

ivolfing  th«  errors  of  longitude  mav  Eissign  t^  the  elemetits  of  tite 

fiitaritmg' planeU  and  to  the  corrections  of  the  eletneutj^  of  Uratius,  roluea 

sbjili  Bccottnt  for  these  errore  \ath  sufficient  acairacj,  but  still  may 
wid«l7  from  the  true  values.     Now,  if  any  swch  system  of  crrooeous 

mis  employed  in  computing  the  errors  of  r&djus  vector,  it  manifestly 
Imi  not  follow  as  &  necessary  coosequence  that»  because  tbe  motion  in 
iM^Mtde  h»d  been  satisfied  by  a  mutual  compensation  of  errorti,  the  results 
■  this  caso  also  would  accord  equally  well  with  observation.  We  are 
ttfl«fore  led  to  conclude  that,  even  if  the  esListence  of  an  exterior  planet 
lad  been  already  placed  beyond  all  doubt,  the  explanation  of  the  errors  of 
ndhia  vector  would  prove  extremely  valuable  in  testing  the  aocttracy  of 
reaalts  derivesd  from  the  erroni  of  longitude.  It  may  be  remarked,  how 
erer,  that  the  Astronomer  Royal,  in  his  letter  to  M,  Le  Verrier.  expressed 
m  TBiy  explicit  terms  his  doubts  respecting  the  accuracy  of  the  final  resutta 
d  that  geometer,  without  indeed  going  so  far  as  to  reject  in  toto  the  by- 
pt<beai3  of  a  disturbing  planet.  In  his  letter  to  Mr.  Adams,  on  the 
•Mdmy,  be  does  not  Buggest  any  such  doubts,  but  simply  inquires  wbeiher 
tie  attofs  of  radius  veelor  were  accounted  for  by  his  theory  as  faidifully 
m  ibfMe  «f  longitude.  We  may  suppose,  then,  that  Mr.  Adams,  who  had 
lor  maBy  f&ura  been  strongly  impressed  ^vith  the  existence  of  a  Trans* 
I'raniaii  p}»iiet,  and  who  bad  already  been  conducted  to  such  satisfan'tory 
nmltii  b^  hia  researches  on  the  motion  in  longitude,  may  not  bare  duly 
i|ipBei»ted  the  importance  attached  by  the  Astronomer  Royal  to  the 
ftpknatioti  of  the  errors  of  radius  vector.  It  is  to  he  regretted,  however, 
Uiu  he  waft  so  tardy  in  replying  to  Mr.  Airy,  especially  as  he  could  not 
bif«  cxperieooed  any  analytical  diJSculty  in  complying  at  once  with  his 

An  iccoimt  of  the  third  part  of  Le  Verrier's  labours  on  the  theory  of 
Cfmus  appeared  in  the  Compttt  Eendm  for  the  Sist  August^  1846.  The 
Min  object  of  the  second  part  of  bis  researches,  as  announced  in  the 
Qm/tf  Rendua.  for  the  let  June,  vi&a  to  obttiiu  an  approximate  value  of 
ll»  epoch  <»r  mean  longitude  of  the  hypotbetic  plnnet  at  a  given  instant. 
Wlm  this  was  once  accomplished,  the  true  value  might  be  investigated  by 
■n^fng  to  the  approximate  value  an  indeterminate  correction,  and  then 
■J*»n»*g  it  from  the  conditions  of  the  pfobleui  Ktmultaneou-Hly  with  the 
Mber  unknown  qutuj titles.  There  was  this  advantage  gamed  by  a  finst 
^roxinAtion  to  the  epoch,  thai,  fm  the  correction  to  the  true  value  might 
h  pretitniied  to  he  small,  it  v;&r  possible  so  to  conduct  the  investigation 
Ikt  it  would  not  l*e  necessary  to  take  into  account  any  terms  beyond  those 
involving  the  first  and  second  powers  of  the  correction.  For  a  similar 
Waon  a  more  accurate  value  of  tlie  mean  distance  might  be  obtained  by 
if^^octng  the  approximate  mean  distance  to  be  aOected  with  an  iudeter* 

*  We  h«f«  maintained  that  it  does  not  necessarily  fallow,  bccau!«  the  errors  t>t  longi- 
liifc  ire  saliified,  llut  the  prrors  of  mdiiu  vector  are  satisfied  hiAa.  tn  the  prctcnl  in- 
tmet^  botreitf,  it  hip|ienf  that  wch  it  really  the  caw.  Mr.  Adain»)  in  hU  iVIemoir  on 
tc  JVenturtAliMtt  of  Unnus,  has  gUt^n  an  fxpresftion  for  the  eorrccClon  lo  ti>e  r«diui  vec- 
IK  jnnrifiag  the  correctinn  to  the  mean  Ifingiludi^  and  iti  dilferentia),  together  with  the 
MtndtDown  quAntitietorthe  (srobletni  and  behuRhov^n  that  by  fir  th<;  most  conaider- 
■■•imt  of  the  cxprMsion  is  due  (o  (he  term  involving  ihi?  dilTcrential  of  the  rorrcction  (o 
ikianui  lonpiude.  tlence  it  manifestly  fulbw<^  ihut,  if  the  lAbtjUrtirrora  uf  longitude  he 
■Mkd.  tht  errun  of  radius  vecUir  will  be  sati^ticd  also.  TliiB  result,  however,  dc^tcndi 
taal^  particular  valufii  uhtained  fbr  (he  unknown  quantities,  atid  could  not  be  pre- 
^<Im|  bj  ipy  d  priori  reasoning. 
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inisate  error,  and  then  treating  the  latter  an  one  of  the  imknown  qiiastitiM 
of  the  problem.  Tliere  were,  therefore,  five  qnantities  to  be  del<irroioed 
relative  to  the  disturhing  planet ;  namely,  the  (.'orrections  to  the  mean  dis- 
tance and  the  epoch,  and  the  absolute  valuer  of  the  mass,  the  eccentricity, 
and  the  longitude  of  the  perihelion.  These  fire  quantities,  together  with 
the  corrections  to  the  mean  distance,  tlie  epoch,  the  eccentricity,  uid  tho 
longitude  of  the  perihelion  of  Urauus,  formed  nine  unknown  quantities, 
upon  the  determination  of  which  the  aotutton  of  the  problem  depended. 

In  tlie  investigation  of  an  approximate  value  of  the  epoch,  Le  Verrisr 
employed  as  the  basis  of  his  reasoning  a  select  number  of  errors  of  helio* 
centric  longitude.  These  were  obtjiiiied  by  a  comparison  of  the  iheojrt 
with  obiicrv'ations  made  when  the  planet  was  in  opposition.  It  would  bare 
been  impossible  to  deduce  accurately  the  errors  of  heliocentric  longitudo 
from  al!  the  observationSj  because  many  of  (he  latter  were  made  whetn  ; 
planet  was  near  the  quadratures,  and  in  that  case  the  process  of 
from  the  geocentric  to  the  heliocentric  longitude  could  not  be  rigorousiT 
effected  without  a  knowledge  of  the  error  of  radiua  vector ;  but  this  was 
altogether  iiuceTtaiu.  lie  now  hud  recourse  to  the  errors  in  geocentric  lon- 
gitude, wiiich  could  be  readily  computed  without  a  knowledge  of  the  emon 
of  either  of  the  heliocentric  co'ordinates,  and  were,  therefore,  deducible  with 
equal  accuracy  from  all  the  obserf  ationa.  In  the  first  part  of  his  researchet 
he  had  carefully  computed  the  errors  in  geocentric  longitude  correspoud- 
ing  to  two  hundred  and  seventy-nine  observations  of  the  planet  Now  th« 
analytical  expression  for  these  errors  contained  the  nine  unknonns  quan- 
tities of  the  problem.  Putting  it,  therefore,  equal  to  each  numerical  error 
ui  succesBiou,  Le  Vcrrier  formed  two  hundred  and  seventy-nine  eqi^tioni 
of  condition,  and  by  means  of  these  be  proposed  to  obtain  the  solution  of 
the  problem.  With  this  view  he  grouped  them  into  thirty-three  meat 
equations,  twenty-si:s  of  which  depended  on  the  modern  obkervations  of 
Uranua,  and  the  remaining  seven  on  those  made  previous  to  its  recogni' 
tiQn  &&  a  planet  in  1781.  He  eliminated  without  difficulty  six  of  the  ua- 
known  quontitiea  in  terms  of  the  three  others,  these  last  being  the  mg^ 
of  the  disturbing  planet,  and  the  corrections  to  the  ept>cb  and  the  mean 
distance.  Pursuing  a  process  which  it  would  be  out  of  place  to  attempt 
eiEpbining  here,  he  formed  three  final  equations,  involving  these  thrM 
quimtitics.  and  then  determined  their  values  by  successive  approsimatio& 
This  object  being  once  accomplished,  it  was  easy  for  him  to  obtain  the 
values  of  the  other  six  quantities  which  he  had  first  eliminated.  The 
following  are  the  results  relative  to  the  disturbing  planet  at  vhich  be 
finally  arrived  ; — ■ 

Semi-axis  of  the  orbit        .         .         .        .         3d.l&4 

Sidereal  revolution     .         .         .         .        ,  517.387  years. 

Eccentricity      ,...,,  0.10701 

Longitude  of  the  perihelion        .         .        ,  *2B4"  45' 

Mean  longitude,  UtJonuaiy,  1847     .         .  318"  47' 

Masa         - jT^^jf 

True  heliocentric  longitude,  1st  Jan.,   1847      3^6"  3a' 
Distance  from  the  sun        ....         03. OB 

Having  determined  the  precise  position  of  the  disturbing  planet,  by 
aasuming  that  the  obsen-ations  of  Uranus  were  rigorously  accurate,  Le 
Venier  next  proceeded  to  invehtigute  Ute  limite  within  which  it  must  hv 


laded,  allowing  each  of  the  obaervations  to  he  atiTected  wtth  an  eTror  as 
'^^«at  m  could  po«8iblj  be  due  to  it.  He  fouud  that  the  meau  distance 
eonld  not  be  graa^t«r  than  37,90,  nor  l^is  than  35.04,  and  hettce  be  con- 
chded  that  the  limits  of  the  periodic  time  were  '207  years  aod  233  jmrs, 
Adopnztg  a  giireo  value  of  the  mean  diatauoje,  and  suppoaing  all  the  other 
di^neats  to  j&srj,  be  found  that  the  reco'rded  positions  of  Uranus  might 
ttill  be  represented  within  the  limits  assigned  by  the  errors  of  observation. 
Atkngth  the  error  in  one  of  the  positions  baWng  become  equal  to  the 
peatest  potisible  value  assigned  to  ^e  error  of  pbservntion,  the  ^'alnes  of 
tbe  elements  were  henceforth  restricted  by  the  condition  that  the  error  in 
this  position  should  retain  its  maximuia  value,  and  the  locus  of  tbe 
lUltwrbing  planet  for  the  Ist  .T»nuary,  IS47,  corresponding  to  the  differ- 
mt  t^wtams  of  elements  derived  from  this  hypothesis,  was  a  continuous 
Offw.  By  continuing  ibe  varifttloo  of  the  elements,  the  error  in 
toother  of  the  positions  became  as  great  as  fiosstble,  Mid,  the  valnes 
of  the  elements  being  henceforth  restricted  by  it,  tbe  locus  of  the 
pliaei  was  tnuisifornied  into  a  different  curve.  Proceeding  in  this  mannert 
be  Verrier  found  that  the  apace  within  which  the  planet  must  be  included, 
enreeponding  to  the  assumed  value  of  the  mean  distunee,  was  a  curvilinear 
polijFglcni  whose  sides  were  diseontinuuus,  and  for  difTerent  values  of  tbe 
■mn  di»tAttCe  he  obtained  diJ9erent  polygons.  The  amplitude  of  the 
pallgtma  diminished  as  the  value  of  the  mean  distance  approached  its  ex- 
insMtiMits,  and  when  it  actimlly  .attained  either  of  them  the  polygon  be- 
came  a  point.  This  circumstance  indicated  that  there  vas  only  one  posi- 
lioa  af  the  planet  that  could  satisfy  the  observations.  When  a  sufficient 
oimber  of  such  polygons  was  constructed,  they  might  then  be  all  cir- 
CMMcnbed  by  one  continuous  curve,  and  tangents  drawn  to  it  would 
aeeemrily  include  the  disturbing  planet.  Le  Verrier  found  that  tbe 
loti|^de  of  the  tangent,  drawn  from  tbe  stm  to  tbe  east  side  of  the 
iKiunding  curve,  was  32 P.  whence,  as  be  had  already  obtained  326'*  33' 
&r the  most  precise  value  of  the  planets  longitude,  it  followed  ihat  the 
tpBe  to  be  explored  in  this  direction  extended  only  to  about  5^°.  The 
Wftem  limit  was  much  more  remote  from  the  precise  longitude,  but  he 
ntnsrkcd  that  its  »mp1itude  might  be  reduced  considerably  by  assigning 
*  probmble  limit  to  the  eccentricity.  Assuming  that  the  value  of  the 
wteniricity  did  not  eiceed  .125,  he  obtained  335**  for  the  limiting  longi- 
tid«  in  this  direction.  He  also  found  that  the  value  ef  the  mass  oould 
6ot  be  greater  than  T^Viff*  wor  less  thiin  ^^j;^^. 

We  httve  mentioned  that  Le  Verrier  assigned  336°  32'  as  the  true  helio- 
ttnstric  longitude  of  the  disturbing  planet  on  tbe  1st  .Tnnuary,  1817.  This 
determinaiion.  to  use  his  own  words,  placed  the  planet  about  5"  to  the 
wt  of  tfee  star  i  of  Capricorn,  Only  twelve  days  had  elapsed  since  it 
isin  opposition,  and  on  this  account  strong  hopes  were  entertained  by 
WB  that  astroDOtners  might  succeed  in  discovering  it,  before  it  plunged 
Ipb  into  the  rajps  of  the  sun.  With  tbe  view  of  directing  attention  more 
Mnagly  to  this  point,  he  made  some  interesting  remarks  relative  to  the 
■(ftrent  magnitude  and  visibility  of  the  planet.  Tbe  apparent  magnitude 
^Wnds  on  the  volume  of  tbe  body  and  its  distance  from  tlie  sun.  The 
tuaroe,  again,  is  dedncible  from  the  mass  and  density.  Now,  he  had 
•Inady  feuod  that  the  mass  of  the  planet  was  two  and  a  half  times  greater 
tb*n  that  of  Uranus.  There  remained,  therefore,  only  the  density  to  be 
•■oertained.  He  bad  no  established  principles  to  guide  him  in  coming  to 
ttDD«]u$ion  on  tbis  point,  and  tlierefore  be  was  compelled  to  have  re- 
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course  ia  analogy.  Now  it  appears,  from  a  ooTiiparison  of  the  relatiTe  den- 
sities of  the  various  planets,  that,  in  general,  the  density  is  less  HLX-ording 
as  the  planet  is  more  dist^rtt  from  the  sun.  Le  Veirier  assumed  that  the 
density  of  the  new  planet  was  equal  to  the  density  of  Uranus,  This  hj- 
|Mithdgis  was  manil'e^tly  less  favourable  to  its  Tisibility  than  if  he  h&d 
ftSBumed,  according  to  the  strict  suggestions  of  analogy,  that  the  density 
waa  somewhat  less  than  that  of  Uranus.  Knowing  tlie  density  and  the 
mass,  he  obtained  the  volume,  and  finally,  by  means  of  the  latter  and  the 
distance  from  the  sun,  which  he  had  found  to  be  equal  to  thirty-three 
times  the  earth's  distance,  he  determined  the  apparent  magnitude  of  the 
["planet.  In  this  manner  he  found,  that  at  the  instant  of  opposition  it 
would  subtend  an  an*:!;lG  of  3".3 ;  and,  considering  in  connexion  with  thi$ 
fact  the  light  which  it  would  be  capable  of  reflecting,  he  concluded  that  it 
would  not  only  be  visible  in  good  telescopes,  but  that  it  would  be  disda^ 
guishnble  from  the  iixed  stai^  by  its  disc.  "  This."  he  remarked,  "  is  • 
Tery  important  point.  If  the  object  of  discovery  is  liable  to  be  confounded 
with  the  fixed  stars,  it  will  be  necessary,  in  order  to  distinguish  it  trom 
thetn,  to  observe  all  the  small  stars  sittiated  in  the  region  of  the  hea.venB 
assigned  for  examination,  and  to  establish  in  one  of  them  a  proper  raotion. 
This  would  be  a  long  and  troublesome  operation.  But,  on  the  other  baud, 
if  the  planet  has  a  disc  of  sufieient  amplitude  to  prevent  it  from  l>etng 
confounded  with  the  stars  ;  if  we  ma?  substitute,  instead  of  a  rigorous  de- 
termination of  all  tho  luminous  points,  the  simple  study  of  their  phyBiCfll 
appearance,  the  search  will  proceed  with  greater  rapidity,"* 

The  elaborate  character  of  Le  Verrier's  researches,  and  the  confidence 
with  which  he  predicted  the  disi:overy  of  the  planet,  was  calculated  to  pro- 
duce a  strong  impression  on  the  minds  of  astronomers.  This  remark  aji- 
plies  njore  ©specially  to  those  who  were  cogniaant  of  the  simultaneous  re- 
f  earches  of  Mr.  Adams,  and  who  could  appreciate  the  probability  in  fot'our 
of  n  result  in  Physical  Astronomy  that  had  been  deduced  from  two  inde- 
pendent investigations.  The  existence  of  a  Trans-Uranian  planet  ap- 
peared now  to  such  astronomers  to  be  placed  beyond  all  doubt,  and  its  actual 
discovery  was  expected  to  be  not  very  distant.  It  was  under  the  impr 
of  the  near  approach  of  this  great  event  that  Sir  ,Tohn  Herschel  uaed 
following  memorable  words  in  an  address  to  the  British  Association,  ll~ 
Southampton,  on  the  IQth  September,  1840  : — "  The  past  year  has  given 
to  tJ8  the  new  planet  Astrea ;  it  has  done  more,  it  has  given  ua  the 
prohable  prospect  of  another.  We  see  it  as  Columbus  saw  America  from 
the  shores  of  Spatn.  Its  movements  have  been  felt  trembling  along  th« 
fiar-reia'hing  line  of  our  analysis  with  a  certainty  hardly  inferior  to  ocoltf 
demonstration."! 

Before  proceeding  further  with  our  account,  it  may  not  be  out  of  placa 
to  consider  shortly  what  were  the  means  which  astronomers  possessed  for 
the  discovery  of  a  body  such  as  theory  indicated  in  the  present  case  to 
exist-  Now  there  are  two  peculiarities  which  generally  distinguish  planets 
from  the  fixed  stars,  and  which  serve  the  purpose  of  their  detection. 
These  are  : — lat,  their  apj>arent  magnitudes,  in  virtue  of  which,  when  ob' 
served  through  telescopes,  they  exhibit  well-defined  diiics ;  and,  their 
motion  in  the  zodiac.  Le  Verrier,  by  means  of  reasoning  of  a  very  pro- 
bable character,  hod  come  to  the  conclusion  that  the  planet  would  l^ave  a 

•   Rpchefclies  Mir  Id  Mouvement  de  la  Planete  Hertchel,  p.  387. 
t  Athcnnjuin.  3ril  October,  I84fi. 
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Madlle  disc,     The  apparent  dmmeter,  however,  which  he  assigned  to  it 
«M  «o  extremely  sfmall  that  it  was  manifest  only  the  roost  powerful  tele- 
KBpCB  «oiil4  Btiiffice  to  dititingumh  it  from  the  fictitious  discs  exhibited  bj 
dM  fixed  fffeaiB,     The  probability,  therefore,  of  discovering  the  planet  by 
ifepb^slcal  ftppearance  was  confined  to  a  limited  number  of  European 
Obiirtaloiies,     With  respect  to  the  method  of  discovering  the  planet  by 
lift  pmper  motion,  the  use  of  the  telescope  in  this  coi^e  is  mainly  to  render 
tiw  itir  Ttsible  aa  a  luminona  pointy  and,  in  consequence,  it  is  more  gene- 
nllj  practicable  than  the  method  just  referred  to.     On  the  other  hand, 
tbe  operation  of  carrying  it  into  effect  is  extremely  laborious,  unlests  the 
tttronomer  already  possesses  a  roap  of  the  region  of  the  heavens  M-hich 
be  purposes  to  examine,  including  all  the  stars  down  to  the  magnitude  of 
tht»  body  he  is  in  search  of     With  such  a  guide,  however,  nothing  can  be 
taore  simple  than  to  as-certain  whether  the  region  which  he  is.  engaged  in 
esplorLDg  ram  poesiblj  afford  any  indication  of  the  planet.     For  thb  pur- 
poie  iba  astronomer  haa  only  to  compare  the  actual  appeamnce  of  the 
unenfl  on  any  night  with  the  map.    If  the  stars  in  both  cases  correspond, 
it  (blbois  that  no  change  has  occurred  since  the  construc;tion  of  the  map, 
mil,  Bi  all  the  objects  whose  positions  were  recorded  must  in  consequence 
him  been  of  a  stellar  nature,  the  comparison  of  the  heavens  with  the 
onp  cannot  alford  any  clue  to  the  existence  of  a  planet.     If,  however,  the 
imp  ooataioi  a  star  which  is  not  in  the  heavens,  it  is  clear  that  the  miss- 
tug  star  mu^t  have  been  a  planet  which  wandered  out  of  the  region  under 
aiiminaiion  during  the  period  that  elapsed  since  the  construction  of  the 
(Up,  and  its  discovery  may  be  expected  to  result  from  a  careful  scrutiny  of 
the  hanrMia  in  the  ricinity  of  the  stars  designated  on  the  map.     On  the 
lUfaer  hand,  if  a  stsx  appear  in  the  heavens  which  is  not  contained  in  the 
iDtf,  it  clearly  indicates  the  entrance  of  a  planet  into  the  deai^iated  re- 
^  fubseqnently  to  the  construction  of  the  map.     In  order  to  conduct  a 
aeotli  for  the  Trans-Uranian  planet  after  this  manner,  it  was  necessary  to 

Cnt  a  map  on  which  were  designated  all  the  stars  in  the  part  of  the 
«iDf  Argued  for  examination,  down  to  the  tenth  order  of  magnitude 
BKlarive.  No  such  n^ap  had  hitherto  been  executed  for  the  region  compre- 
hlDJfiig  the  theoretical  locus  of  the  planet,  Mid  the  only  method  of  search 
vhteh  reiDained  to  be  adopted  was  tliat  already  in  course  of  being  carried 
wo  effect  by  Profesisor  Chalhs,  and  which  was  indeed  tantamount  to  the 
•ctual  construction  of  a  map. 

On  ihe  1  Bth  September  Le  Verrier  addressed  a  letter  to  tJie  astrono- 
aere  of  the  Berlin  ^Observatory,  announcing  to  thera  the  result  of  his  re- 
tearehes,  and  requesting  their  co-operation  in  searching  for  the  planet.  By 
>  singalftr  instance  of  good  fortune  the  Berlin  as trouom era  possessed  an 
id'nuitBge  in  effecting  this  search  which  was  not  yet  available  to  the  other 
Mtimomer«i  of  £urt>pe.  For  some  years  past  a  series  of  star  maps  had 
teen  in  course  of  ptillication,  under  the  auspices  of  the  Berlin  Academy  of 
Sciences,  comprehending  different  portions  of  the  region  of  tbe  heavens 
*ilidi  extends  1 5^  on  each  side  of  tKe  equator,  and  designating  the  posi- 
tiOBB  of  all  etare  down  to  the  tenth  magnitude*.  Just  »s  the  accounts  re- 
ip«eting  Le  Verrier's  researches  reached  Berlin,  the  map  of  Hora  XXI., 
tbe  part  of  the  heavens  contaiiiing  the  theoretical  place  of  the  planet — 
'ludi  had  been  executed  with  great  care  by  Dr.  Bremiker — was  engraved 

*  lftB|  wironomeri  in  olher  eountries  of  Europe,  u  well  a»  Germany,  haTC  lent  their 
^  in  Ibe  coMniction  of  ibeie  map*.     One  of  (hem  »rt«  executed  by  Dr.  Huwcy,  the 
'  to  whom  alliuion  haa  Mcd  nude  al  tbe  beginning  nf  Ihi*  cnaptAf, 
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and  publisfced.  The  Berlin  astronomers  received  Le  Verrier'a  1« 
the  ii3rd  Bepteinber.  On  the  same  evening  Dr.  Galle  compared  ( 
ftppeiimnce  of  the  beavena  wiiL  tbe  map,  and  found  that  the  latter  did  i 
cotitttin  a  star  of  the  eighth  magnitude  which  was  situate  verj'  nenr  the  pL 
indicated  by  Le  Verrier  as  the  locus  of  the  disturbing  body.  The  obaer 
tious  of  the  following  evening  decided  that  thi»  was  the  Trans-Unuu 
planet.  It  was  then  retrugmdiug  with  a.  daily  motion  in  right  ajsc^ui 
amonnting  to  63".  The  following  is  a  compariaon  of  the  results  o£ 
nation  and  theory. 

Observed  Right  .\6ceusion  93rd  September,  12*  0*^  15* 

M/T.  Berlin     .        .        ... 
Observed  Declination  South      ,        ,        .        .        . 

Whence — 


3538*  19'] 
13"  34' 


Geocentric  Longitude 
Pamllax  of  the  Orbit 


326-  59' 
1-4' 


True  Heliocentric  Longitude     ,        ,        ,        ,        .     S'iQ^^T 
Longitude  for  the  same  instant,  assigned  by  Le  Ver- 
rier "a  theory 320*  0* 


Difference  between  Observation  and  Theory 


S7' 


I 


Thus  it  appears  that  the  place  assigned  by  Le  Verrier  to  tbe  diitorlM 
body  did  not  differ  by  so  much  as  one  degree  fron)  its  actual  pWe  ts 
dieated  by  obseri'ation.  Nor  was  tbe  agreement  less  striking  with  resp 
to  the  apparent  diameter  of  the  planet.  Le  Verrier  had  predicted  tha 
would  be  equal  to  3".'3  ;  tbe  micrometrical  observationB  of  the  Bei 
astronomers  gave  3"  as  the  real  value. 

The  accounts  of  the  discovery  of  the  Trans-Uraman  planet  were 
ceived  with  adoiimtion  and  delight  by  all  who  felt  any  interest  in 
cause  of  science,  and  the  name  of  Le  Verrier  was  henceforth  asaocia 
with  those  illustrious  philosophers  who  have  stamped  the  age  in  wt 
they  lived  with  the  impress  of  their  genius.  We  sbftll  now  give  a  b 
account  of  the  labours  of  Professor  Challis,  who  had  undertaken  a  t 
laborious  examination  of  the  heavens  in  search  of  the  planet.  W^  li 
mentioned  tb at  he  commenced  his  observfttlons  on  tlie  29th  July.  Hisj 
waa  to  divide  the  region  to  be  explored  into  zones  of  9'  in  declinatioD, 
being  the  breadth  of  the  field  of  view  of  tbe  telescope  when  ft  magoifj 
power  of  l(t6  waa  employed,  and  to  note  tbe  positions  of  all  the  st*n 
each  zone  down  to  the  eleventh  niaguitude.  On  the  4th  August  bts  ob 
rations  were  made  wholly  in  declinaUon,  for  the  purpose  of  obtainio 
number  of  Btars  as  reference  points.  On  tbe  J 2th  of  the  same  montl 
noted  the  positions  of  all  the  stars  in  a  zone  which  he  had  already 
amined  on  the  30th  July.  He  compared  to  a  certain  extent  tbe  obet 
tions  of  the  two  evenings,  and,  liaving  discovered  their  ft>mplote  aeo 
Alice,  be  felt  a^aurcd  that  his  method  of  search  tnigbt  be  relied  upon, 
continued  his  observittiona  ihrougboiit  tbe  months  of  August  and  Septenct 
On  the  1st  October  he  was  made  ao<juainted  with  the  discovery  of  the  pli 
by  Galle.  tie  had  then  recorded  tbe  poaitiona  of  31 50  stars,  and  was  mak 
prepanitiona  to  map  them.  The  necessity  for  this  operation  having  ceaj 
he  proceeded  to  tliscuss  die  oba^irvatious,  with  the  view  of  uscertaic 
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■hiihet  Ihij  had  «iecured  (he  ili^oovery  of  tbo  planet.  Having  resumed 
teoMBpuiaoii  of  tliB  ubgervadons  of  the  Mnh  July  uud  the  I'^tb  August. 
lUeh  botli  related  to  tlie  same  zone,  lie  found  that  a  stjir,  maj-ked  No.  40 
m^  terie*  of  the  12th  August,  was  wauliug  in  the  series  of  the  30th 
Wj-  It  followed,  as  a  neces5aij  consequence,  ilmt  this  tvas  the  planet: 
it  Ind  vaodered  info  the  zone  duHng  the  period  tlmt  elapsed  beiween  tlie 
tM  observaLious.  He  also  easily  ascertaiuad,  hy  means  of  the  observftiion 
[the  I'ith  August,  that  the  plauet  was  included  in  the  stars  observed  as 
pointa  on  the  4th  of  the  some  tooDth*.  Thus,  although  the  12th 
i  only  the  fourth  day  of  observing,  two  jwsitiona  of  the  phtuet 
! already  secured.  "  This  is  entirely  to  be  attributed/*  aays  Professor 
'CUts,  ••  to  my  having  ou  those  daja  directed  the  telescope  towards  the 
fibflei's  theoretical  pLac€,  according  to  instructions  given  in  a  paper  Mr. 
Adima  hod  the  kindness  to  draw  up  for  me."  f 

It  is  ft  remarkable  fact  that  before  receiving  intelligence  of  the  discovery 

«( the  planet  by  Galle,  Professor  Challid  had  aUo  obtained  a  position  of 

tie  pl^et  by  pursuing  the  plan  of  observation  recommended  by  Le  Verrier. 

Qb  the  ayth  September  he  received  the  Compti's  Jlgtultis  for  the  Slat 

.coutiuniitg  the  account  of  that  geometer's  researthes   on   the 

>thtftic  pUnet.     Struck  mth  the  atithors  conclusions  relative  to  the 

&f  the  phmet's  position  and  the  magnitude  of  its  disk,  he  resolved 

iittmpt  the  dL^cove^y  of  the  body  by  means  of  its  pliysical  apiiearauco. 

'^pwaesaed  an  advantage  in  prosecuting  a  search  of  this  kind  which  few 

lairwomefs  enjoyed  in  an  equal  degree,  from  having  at  bis  command  Ute 

J — :.-  -   ,  equatorial  belonging  to  the  Obsen'atory.     On  tlie  evening  of 

[jteml>er  be  eiinnined  a  jtone  comprised  between  the  limits  of 

B§M;!iy:tiiMOD,  within  which  Lc  Verrier  bad  fixed  the  position  of  tbo 

■  pmcu    Among  300  sLira  wliich  passed  through  the  held  of  view  of  bis 

iriooopCt  one  especinlly  attracted  his  attention  by  its  disk.      This  proved 

ttbe  the  planet ;  it  shone  with  the  lustre  of  aatar  of  the  eighth  magnitude. 

The  search  commenced  by  Professjor  Challis  on  the  '-iOth  July,  and 

{nmc'Dted  Willi  so  much  energy  and  perseverance  during  the  two  follow 

OIK  months,  is  deserving  of  attention,  both  on  (lecouul  of  its  forming  the 

<aif  aysttmatlc  attempt  to  detect  the  planet  that  had  bet^u  made  previous 

liJie  evening  of  it.H  actual  discoveiT«  as  well  as  on  account  of  the  results 

y'ti'Ai  wvrp  obtaiufd  by  the  subsequent  discuasion  of  the  obaerrationa.     It 

'  not  only  wiis  the  theoretical  discovery  of  the  planet  first  effecled 

.,_'-=.  lint  two  positions  of  it  were  also  sccufcd  at  the  same  place 

!  ^  i    ;  ru  a  telescope  was  directed  to  the  heavens  hi  seartdi  of  it  nt 

■!.  ;    i^>tjivatory  in  Etnopc.     In  estimating  how  nearly  Professor 

i  .  i  arrived  at  the  actual  discovery  of  the  planet,  it  must  be  home 

I    lij  tliat  the  contemplated  aeircb  for  it  extended  only  to  a  definite 

)i  of  the  heavens,  ami  that  it  would  have  been  completed  within  a 

ofTiiaie  lapse  of  time.     When  the  observations  came  to  bo  discussed,  tho 

^KoTiery  of  tlie  pbrnet  would  infjllibly  have  resulted  from  a  comparison 

«ltib«  otservatios]  of  the  yOth  July  with  thiiL  of  the  IWth  August. 

"Hjt  earliest  anu<Juncement  of  Mr  Adams'  researches  through   tho 

*  lite  following  are  the  posiiioiu  of  tlie  planet  in  rigiit  isccnuon  and  decUuation,  lu 
•■^prf  Ujr  itiese  ob*ervati'*ini  :. — 

M.T.  Greciii\icK.      Right  A»ccn«ion. 
Aaguri  4     .     .     la*"  26"  2^'    -  .    SI"  58"  14'.70 
„      12     .     .     J3      3    20     ..    til    67    2(3 .19 
t  Se{HM  to  llic  iSjndicnle  of  llie  Uiiiver>ity  of  CamliridgOi 


Norlii  Potiif  dUloncc, 
.     102^  57'  32'.a 
.     103     2     0  .2 
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medium  of  the  press  was  contained  in  a  k^tter  from  Sir  John  Hcrschel  to 
tbe  editor  of  the  Athmmim,  whirh  appeared  in  the  uumher  of  that 
Journal  Ibr  the  3rd  October.  IH40,  The  iUustrioiis  philosopher,  after 
referring  to  the  words  he  used  at  llie  meeting  of  the  British  Asaoci&tion 
held  at  Southampton  in  the  previous  mouth,  relative  to  the  probable 
exietenoQ  of  a  plaiiet  exterior  to  Uranus  and  the  prospect  of  its  speedy 
diacoveiy  by  the  aid  of  analysis,  remarked  that  he  would  not  have  exprei^ett 
himself  in  such  confident  torma  ou  thfit  occasion  if  he  had  not  beeu  ulready 
awat^Q  that  Mr.  Adiims,  a  yu'uug  mathematiciim  of  CainLridge,  hod  been 
proBccLitiiig  researches  similar  to  those  in  which  M,  Le  V'errier  wat 
engaged,  but  at  the  same  time  totally  indejiciudeiit  of  ihem,  ond  h»A. 
arrived  at  results  respecting  tha  actual  position  of  the  disturbing  body 
which  almost  coincided  with  those  deduced  by  iho  French  geometer •< 
This  anuoimcpmeut  wag  followed  by  a  letter  frum  Professor  Challis,  which 
appeared  in  the  Aihen<Fum  of  the  17 th  of  the  same  montli.  The  writer 
gave  a  brief  account  of  Mr.  Adams'  labours  and  of  the  systematic  search 
which  had  been  undertalsen  at  Cambridgti  with  the  object  of  discovering 
the  planet  by  its  zodiacal  motion.  He  also  stated  that  the  observations  had 
been  discussed,  subsequently  to  the  actual  discovery  of  the  planch  at  Berhn, 
whence  it  was  found  that  the  discoveiy  of  the  disturbing  body  Imd  been 
secured  by  nieans  of  the  obaervatious  of  the  3C)th  July  and  12th  of  Aagn«t. 
He  concluded  by  intimathig  that  tbo  details  of  Mr.  Adams'  reiearchra 
would  shortly  bo  published.  The  stfiteraeuts  of  Sir  John  Herschel  and 
Professor  Chollis  were  corroborated  at  iho  some  time  by  Mr.  Airy  in  * 
letter  addressed  to  M,  Le  Verrior. 

In  France  tbo  announcement  of  Mr.  Adams'  researchei  on  the  Pertll^ 
bationa  of  Urnnus  gave  t'isg  to  a  strong  tnAnifestation  of  national  feeling. 
Nor  can  it  be  denied  that  the  occasion  chosen  for  preferring  tho  claim*  of 
the  Euglish  mjithematidan  was  unfavourable  to  their  ready  rccoption  in 
that  country.  Amid  the  universal  applause  bo  justly  excited  by  the 
brilliant  reaem'ches  of  M.  Le  Verrier,  it  could  hardly  be  expected  that  tho 
announcement  of  similar  re^iearches  prosecuted  independently  of  ttiiem  in 
another  country*  terminating  in  similar  reaults,  and  therefore  claimiag  Ity 
iraplieation  an  equal  degree  of  credit,  would  bo  received  withoiil  somo 
degree  of  reluctance,  or  discussed  with  a  total  absence  of  pnssion,  by  a 
people  especially  aensitive  on  points  of  national  glon'.  Bui  although  tlii« 
circumstance  may  account  for  tho  absurd  violence  with  which  ii  pin"tion  of 
tbe  French  press  assailed  the  eminent  astronomers  who  fii'^t  &nno«nc«d 
the  laboura  of  11  r.  Adams,  it  due§  not  by  any  means  exptnin,  fur  lesa 
does  it  justify,  tho  ungenerous  aspersions  that  were  cost  upon  the  researchic* 
of  the  Eugliiih  geometer — while  tho  means  of  ascertniniog  their  real 
churtidtof  had  not  jut  been  laid  before  the  public — by  persons  who»c 
position  in  tho  scientilic  world  ought  to  hiiie  served  as  a  gonrantre  for 
greater  discretion.  It  was  at  once  a»sumcd  ihnt  Mr,  Adams'  solution  of 
the  inverse  problem  of  perturbation  was  a  crude  essay  which  could  not 
emlure  the  lest  of  rigorous  examination,  and  it  was  urged  \rith  equal 
prccipilttncy,  that  as  bis  researches  had  not  been  duly  published,  it  woidd 
bo  impossible  lo  establish  tlieir  claim  to  origimdity.  On  th*?  other  hand, 
as  their  merits  were  attested  by  the  ikbt  astronomers  of  England,  it  was^ 


•  Sir  John  Hencltc)  wa«  preioiit  nt  the  tneelJnj?  of  iho  Board  df  Vullon.  livJd  at  tliC 
OlisiJTTalfiT/  of  Grocnwifh  fjti  the  2))fh  Jum-,  18443  (sl-l*  ii.  184),  Hh«n  Mr.  Airy  gave  ifl 
aijcount  of  the  researches!  of  Messrs,  Adoni«  and  Ltj  Vemer. 
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they  could  not  bo  treated  with  indiftorence.  Undej*  such 
}  the  course  ohviously  suggested  by  ft  due  regard  to  the  sacred 
daims  of  right  and  the  diguitj  of  scienco,  would  havo  LeeiL  to  suspend 
indgment  on  the  question  altogether,  peDding  the  puhlication  of  Mr. 
UfflQS*  researches  which  were  announced  as  speedily  fortheoming.  M, 
,  actuated,  bujoiid  doubt,  by  a  laudable  desire  to  defend  the  rights  of 
itryntan  from  what  be  conceived  to  be  an  unjustifiable  aggression, 
"a  different  view  of  the  matter,  and  at  once  undertook  a  critical 
linfttion  of  the  mmts  of  Mr.  Adams  in  regard  to  the  tbeuretical 
fiaoBveTy  of  the  Tmus-Umuiau  planet.  The  paper  which  ho  drew  up  on 
tlii»  occasion  is  inserted  in  the  Comptes  liendu^  for  the  Ulth  Octuber, 
IMfi*.  We  ^hftll  i5ot  here  make  any  aJluijion  to  the  aasumptioDS  which  M. 
Ango  so  uuwarnmtably  employs  iu  the  absence  of  acknowledged  facts, 
•itfa  the  iriew  of  preserving  the  consistency  of  his  reasoning.  Their 
faiUcy  irga  etfcctujilty  ^ iposeii  a  lew  weeks  afterwards,  mtbout  any  contro- 
•ersr^ky  the  publication  of  the  admirable  researches  of  Mr.  Adama,  and  uf 
thfl  important  maas  of  documentary  correspondeECe  in  the  possetssion  of 
Mr.  Airy,  relative  to  the  discovery  of  the  planet.  We  shall  merely 
make  a  (evr  remurks  on  the  main  principle  laid  down  by  him,  aiid  the 
c>>[ida$ion  which  ho  seeka  to  draw  from  it.     He  assumes,  as  the  basie 


hi 
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*  Tka  paper  eoalains  ■  view  of  certain  comnatiuicatiotit  of  Professor  Challit  wliioh 
diit  first  appearance  to  iead  ta  a  conclusion  tQt.ilJjr  iucpD^istettt  wiih  the  reiil  itat«- 
of  Ihe  Engtuh  astronomer.  M.  An^a  aaierls  thai  Proft^ASor  Chailin,  writing  to  iiim 
-  die  lubjccl  of  the  planet,  uscattic  fotlowmg  word^ : — **  t  became  acauuiiited  on  tbc29tjj 
B^eubCT  with  (he  hobI  re»e9relie<  of  M.  Le  Vemcr^  \  coofortned  itriclJy  to  the  <Rjg- 
leiioai  of  that  astrooomef,  and  cotirined  my  learcli  within  the  limit*  asE^igned  by  him.'* 
b  tfaetl  nniiark»  that  ProfiM»nr  Challk  in  hi»  Jetter  lo  the  Alheno'um^  announce* 
>y  J»  Has  guitkd  in  hi^  stiarch  for  the  plunet  by  a  paper  wbiL'h  Air.  Adams  drcn 
vp  fitr  hiDL  Ha>in|^  placed  lhe.3e  two  apji.'irenllv  cnntmdtolucj  stntctncnts  in  Juxta- 
fitiSoti,  VL  Araga  simply  contents  htmself  witJi  the  followjiig  comment  upon  theon: 
* t  nill  aot  Keic  to  reuoncile  these  two  verBioni.  I  wiJt  lenve  tu  Mr.  ChaSli^  the  task  of 
tbe  iwne  of  Adams,  which  did  not  figure  in  hi»  (irst  conttquEtication,  i> 
I  iOprooiiQeat  iu  bia  second."  Now,  whiLl aro  the  re^l  facta  of  the  caw ?  bi  tlie 
Qt^ltM  Ittttdtu,  tome  xxtii,  p.  7G4,  there  appcsurs  a  letter  from  Professor  CI  ml  I  is  to  M. 
Arjigo,  tkted  Use  5th  October,  1846,  in  which  the  writer  givea  an  account  of  his  Bcarcb 
(t  the  nionct  criih  the  Notlhnmberlond  teletscope,  and  mentions  bis  bavinf;  detected  it 
)^ibdHlon  the  ercning  of  the  20lii  September.  In  this  letter  he  alludes  to  M.  Le 
^•mtr  ID  the  terou  quoted  by  M,  Araco  ai  above  ftated.  Again,  in  a  letter  lo  the  editor 
^^AlKKMSInm,  dited  the  l5th  Octo^r,  1346,  (tet<  AthmanaA,  October  17,}  Profiaanr 
CUllit  gives  an  aecotint  of  the  laborious  search  undertaJtcn  by  bim,  having  for  it£  object 
todetHt  the  platiet  by  its  todiacal  motion.  In  this  letter  he  Etatcs  that  he  was  ^idoiJ  in 
^•fardi  by  a  paper  which  Mr.  Adflms  drew  up  for  bim;  that  he  comment'ed  bis  ob»er- 
VlMton  lh«  ^29th  Julv  i  and  thai  a  companwa  of  the  obser«aiioni«  of  the  dOth  July 
Hd  ISlfa  of  Augu»t,  instituted  subsequently  to  the  receipt  of  Ihe  accounts  of  Golle's  di«- 
(■VRV)  dirwed  liim  that  he  had  secured  the  planet.  The  reader  will  at  once  perceive 
ioa  (he  fcpcgoing  slatemeals  that  tlie  two  cum muuifations  of  IVofci£cr  Challis  referred 
to tao  cliitinet  rarxte^  of  search  prutecMited  on  twa  distinct  uctastiotis.  In  hi^  tetter  to  M, 
Jbi|»  be  mjeiitions  the  result  of  obs^vatiotts  pursued  vrith  th£i  ^iew  of  detecting  the 
rilMt  by  itii  j>hgi)Cai  aspeci,  profeiiitng  to  h«ive  been  guided  by  the  instnictious  of  M.  Lo 
icfiwr.  Ill  hU  letter  Ut  the  AfhtJtfeam  he  e»ramuuicates  the  result  of  obaenations 
■Dterirn-  tf>  Ihe  precedlttg  that  had  been  made  with  the  view  of  diicoveriof;  the  pUnet  by 
ib  utrfjoco/  motion,  Bfiserling  to  have  been  ;^ujded  on  ihiB  ocea&iof)  by  Mr.  Adams.  11; 
^  UBPOtaibto  that  the  inftrucliont  contained  in  M.  Le  Verrier'ii  paper  ct  the  Slsst 
At^gvlctiul  lint  made  known  to  Professor  Challift  or?  the  ^th  September,  could  have 
^MDOf  any  •cilice  to  that  ajitrqnomer  in  a  search  for  tlie  planet  prot^ecutcd  hy  him  in  the 
Icfititiiiig  «f  llie  former  of  these  months.  A  mind  much  less  aeutuihan  M.  Arajjo'a  will, 
Iwfefore,  wse  no  inconsiiteney  in  ibe  Imo  jiasjiii^es  which  ihsit  ilhistrioiis  pliilosopher 
*^pt!in  lo  dnpair  of  reconciling  together.  How  justly  amy  ne  remark  iu  his  own  words, 
"L'  vgM6  eit  Muvcnt  avei'gle,  et  se  laissc  faseittcr." 
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of  his  reasoning,  that  the  only  rational  mode  of  writing  the  history  of  the 
sciences  is  to  rely  exclusively  on  publications,  the  dates  of  which  are  well 
ascertained,  and  he  hence  infers  that  Mr.  Atkms  has  no  right  to  be 
meutioned  in  connexion  with  the  discoveiy  of  the  Traus-Uraniau  plumet, 
either  by  a  detailed  citation,  or  by  any  allusion  whatever.  It  Tvill  at  once 
occur  to  the  reader  that  the  foroe  of  this  proposition  depends  entirely  on 
the  precise  meaning  applied  to  the  tenn  publication.  If  it  be  restricted 
to  printt^d  docaments,  we  conceive  that  tlio  principle  advanced  by  M. 
Arago  is  totally  untenable,  and  that  it  esseulially  vitiates  any  cou elusion 
that  may  be  derived  from  it.  To  limit  the  teat  of  decision  in  disputed 
questions  of  scientific  discovery  to  Euch  a  species  of  evidence  would  be  at 
onca  repugnant  to  reason  aud  at  variance  with  the  common  practice  of 
mflnkind  in  all  ages.  Are  communications  transmitted  to  learned  societies, 
or  documents  of  an  authentic  character,  addressed  to  persons  of  acknov- 
ledged  probity  and  occupying  official  positions,  to  be  set  at  nought  as  so 
much  waste  paper,  merely  because  they  have  not  passed  through  the 
ordeal  of  the  printing  press?  To  admit  such  a  moustrous  proposition 
would  be  strilting  at  the  i*Dot  of  those  uoaltei*able  principles  of  commoti 
aentje  upon  which  our  primary  uotiona  of  evidence  are  founded,  aud  Ui 
introduce  in  their  stead  an  arbitrarj'  standard  of  decision  which,  so  far  from 
definitig  clearly  the  rights  of  rival  claims,  would  itself  perpetually  form  the 
subject  of  acrimonious  controveray.  Wa  have  no  reason  however  to  sup- 
pose that  the  illustrious  philosopher,  who  drew  up  the  paper  in  question, 
was  really  of  opinion  that  the  evidence  which  could  be  of  any  utility  in 
establishing  claims  to  scientific  research  rested  on  so  narrow  a  basis.  On 
the  contrary,  wo  are  disposed  to  infer  from  tho  acknowledged  acute ness  of 
his  discriminating  powers,  and  his  enlightened  zeal  in  the  caose  of  truth, 
that  his  sentiments  as  above  expressed,  demand  a  more  liberal  ioterpre- 
tatiou,  and  that  in  the  present  instance,  had  he  been  in  possession  of  all 
the  facts  relating  to  the  disputed  q^uestion,  he  would  have  arrived  at  a 
conclusion  more  cousistent  with  reason  aud  justice  than  that  ta  which  he 
was  conducted  by  the  imperfect  statements  then  accessible  to  hiui  *, 

The  question  of  Sir.  Adams'  merits  in  connexion  with  the  theoretical 
discovery  of  the  planet  exterior  to  Uranus,  was  soon  placed  in  a  clear  light. 
On  the  13th  of  November,  ISlC,  a  paper  was  read  by  Mr.  Airy  before  the 
Astronomical  Society,  entitled  ■*  An  Historical  Statement  of  Circumstnuees 
connected  with  the  Discovery  of  the  Planet  beyond  Umnus,"  This 
valuable  communication,  besides  contiuntng  a  lai^e  mass  of  interesting 
materials  bearing  more  or  less  on  the  discovery  of  the  planet,  exliibits,  in 
one  unbroken  chain  of  correspondence,  the  progress  of  Mr.  Adams' 
researches,  from  the  date  of  Professor  Challia'  first  letter  Lo  the  Astronomer 
Rojal  on  the  subject  in  February.  184-4,  down  to  the  acknowledgment  at 
Greenwich  of  Mr.  Adam^j'  paper,  dated  the  Snd  September,  1S4B.  Tho 
independent  character  of  Mr.  Adams'  researchee  was  now  placed  beyond 
all  doubt  or  equivocation,  and  his  claims  to  tiie  theoretical  discovery  of 
the  planet  established  on  the  incontrovertible  evidence  of  authentic  doeu* 
ments,  Mr.  Adams'  Memoir  on  tlic  Perturbations  of  Ui"aniis  was  ttad 
before  the  Astronomical  Society  on  the  same  day  on  which  Mr.  Aity 
communicated  his  statement,  and  was  subsequently  published  in  th» 
sixteenth  volume  of  the  Memoirs  of  the  Society,  aud  also  in  the  Nmitical 


*  See  ia  CQaacxios  tvitfa  thtoc  remarks  (be  DOtc  ut  the  foot  ef  page  2U,  in  the  nest 
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for  1950-  If  aoytljing  was  wanted  to  complete  the  ifiDcIicfltion 
«f  Mr  AcIbtus'  claims,  it  was  amply  supplied  by  this  Memoir.  Apart  from 
ill  eoRsidemtiou  of  the  briltianty  of  the  final  result  in  rektioii  to  the 
pUnetarj'  sjsrcm,  it  exhibits  an  admirable  specimen  of  the  application  of 
aiislysis  to  one  of  tJi«  most  difficult  sulijecte  of  physical  astronomy,  being 
jjlanoed  with  a,  sagacious  appreci«lioii  of  the  difficulties  peculiar  to  sucli 
at«<trQsa  nesearcbes,  and  pursued  lUroughout  its  details  with  cxguisita 
nuthfiroatical  skill. 

The  impression  produced  by  the  cotnmuuication  of  Mr.  .Airy  to  tho 
AltlODOmical  Society  was  such  as  always  natiumlly  ensues  when  truth  is 
pfeSMted  Id  the  form  of  a  plain  statement  of  facts,  stripped  of  all  iu^enuitj 
of  raasoulng  or  flourish  of  rhetoric,  and  rolyhig  for  acceptAnco  solely  on 
Q»  wniietiticity  and  iutmte  strength  of  the  evidence  by  which  it  is  siip^ 
nitid.  The  most  illuatriona  phiiosophei-s,  of  Europe,  while  justly  acknon^- 
MpDg  the  originality  and  briUiancy  of  M.  Le  Verrier's  reeearches  on  tlie 
ftnarbattons  of  Unmus,  have  conliaily  concurred  in  awarding  a  similar 
tnlrate  to  Mr,  Atlams,  and  the  names  of  both  these  geometers  are  now 
imperishablj  aiisoctated  with  the  theoretical  discovery  of  tlie  planet  by 
icbjch  thesie  perturbations  were  produced. 

It  has  been  asserted  that  as  M.  Le  Verrier's  researches  alona  were 
instmcaeQlal  in  leading  to  the  a(.'tual  di^oveiy  of  the  planet  by  Gallct 
Mr.  Adams,  ivhose  labours  exercised  no  influence  on  the  observations  of 
the  German  astronomer,  cannot  justly  be  placed  in  so  high  a  position  as 
lu»  illostrious  contemporary.  This  opinion  we  imagine  to  have  originated 
io  u.  imperf^t  discrimination  of  the  respective  functions  of  the  geometer 
Utd  the  observer.  The  geometer,  reiving  upon  the  firmly-established 
pnnoples  of  the  theory  of  gravitation,  recognises  in  the  irregularities  of 
«M  of  the  planets  uuequivocal  evidence  of  the  existence  of  an  unseen 
■waller  of  the  solar  systcnit  and,  by  a  successful  application  of  analysis, 
ke  arrives  at  a  knowledge  of  its  position.  The  observer,  guided  by  the 
instnictions  of  the  geometer,  searches  the  heavens,  and  succeeds  in  dis- 
memtg  o/rficdif/i/  what  the  geometer  had  previously  discovered  theoTetieaihj, 
£>eb  has  his  pecaliar  duties,  totally  distinct  from  those  of  the  other ;  aad 
*e  should  be  acting  in  opposition  to  the  plainest  maxims  of  justice  by 
uchbing  to  the  one  any  credit  on  account  of  duties  perfoiined  by  the 
other.  The  eclat  which  so  justly  surrounds  the  oiiiical  discovery  of  the 
Trauaf-UraniRn  planet  must  be  shared  severally  by  the  Berlin  Acndemy  of 
iCMiioes  under  whose  auspices  the  charts  of  the  zodiac  have  been  con- 
Ittasled,  by  ^t.  Bremiker  who  so  skilfully  designated  the  region  of  the 
bftfens  in  irhich  the  planet  was  moving,  and  by  Dr.  Galle,  who  so 
pmopllj  ayailed  himself  of  the  publication  of  Dr.  Bremiker  s  chart.  If 
»«*  would  look  for  the  real  groutids  of  M.  Le  Verrier's  renown,  we  must 
^fidoD  the  glorioits  spectacle  of  the  heavens  and  enter  the  solitary 
dum}>er  of  the  geometer.  It  is  tliere  that  he  justly  becomes  the  object  of 
vuradniiraJtlon,  as  he  ajdrances  step  by  step  along  the  intricate  ma^e  of 
Itv  TtMftrches,  vanquishittg  each  successive  difhculty  by  the  ready  re- 
■ooreM  of  his  genius,  and  cheerfully  executing  calculations  which  are 
•Inmst  appalling  to  contemplate ;  until  a  bright  flood  of  light  is  finally 
ilifiiued  over  his  labours,  and  the  distant  member  of  our  system,  which 
bamMi  «*Te  has  not  yet  seen,  discloses  itself  to  his  purely  intellecinal  scrn- 
tndeg.  with  all  the  certainly  of  demoustrative  reiKomng.  If  this  be  the 
juil  itiew  of  M,  Le  Verrier's  labours  iu  relation  to  the  discovery  of  the 
Tr&Ds-Uraiiiitn  planet,  we  are  then  constraiuod  by  parity  of  reasoning  to 
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iako  a  similar  view  of  tbo  equally  admirable  labours  of  Mr.  Adama.  Nor 
cat!  the  award  of  eqiiial  merit  he  witiihcld,  on  the  ground  that  Mr.  Ad&iiiA 
reserved  the  secret  of  hU  researcliea  to  himself,  while  M,  he  Vercier 
openly  promulgated  his  reeuUs  to  the  world,  and  thereby  put  astronomefi 
ill  possesaioii  of  the  meaua  of  actually  discovering  the  planet.  This 
objection  ia  untenable,  for  the  aimple  reaaon  that  it  ia  directly  at  variancQ 
with  acknowledged  fiacts.  Mr.  Adamai  communicated  his  results  to  two  of 
the  inost  inllueutial  astronomerii  of  England,  whose  co-opemtiou,  as  wo 
huTo  already  hud  occasion  to  remark,  suiLeed  to  secure  the  optical  dis- 
oovery  of  the  planet.  That  the  khorioua  search  undertaken  at  Cambridga 
was  anticipated  as  regarda  the  final  result  by  the  more  Riraple  procedure 
adopted  at  Berlin,  cannot,  without  a  ilagrant  violation  of  the  rules  of  jua- 
ticCt  lie  oonsidered  derogatory  to  the  meritu  of  Mr.  Adams.  It  wf&a  ai^ 
flcient  that  he  bad  cnmmunicatod  his  results  to  com  pete  nt  aatroiio; 
It  woubl  be  totally  inconaiateut  with  reason  to  hold  his  fame  resjwm 
for  any  ulterior  proceedings.  We  have  already  mentioned  the  pecmliar 
advantage  enjoyed  by  the  Berlin  astronomers  in  searching  for  tho  plaiiot. 
If  a  similar  facility  of  search  bad  been  accessible  at  the  Ob«6r\'atory  of 
Cambridge,  it  is  admitted  by  all  persons  that  the  planet  could  not  ful  to 
have  been  first  discovered  tbere*.  This  ia  a  question,  however,  which 
concenis}  Professor  CliBllia,  but  does  not,  ia  the  remoteat  degree,  affect  the 
purely  theoretical  labours  of  Mr.  Adams. 

We  have  been  induced  to  submit  to  ihe  reader  the  foregoing  remarks, 
because  we  conceive  that  the  brilliant  result  achieved  by  the  Berlin  astro- 
nomers has  bad  a  tendency  to  foster  erroneona  ideas  relative  to  the  merits 
of  the  vnriouB  persons,  whether  matbenmticiana  or  astronomers,  vhose 
Iftbours  have  been  more  or  less  associated  with  the  discovery  of  the  Trans- 
Uranian  planet.  It  is  only,  howeTcr,  by  persisting  to  cjonfound  tilings 
totally  dissimilar  in  their  nature,  that  any  such  notions  can  retain  a  per- 
maneut  hold  on  tbe  mind, 

Hoon  after  the  dii5covery  of  the  planet,  an  attempt  v^m  made  in  tius 
country  to  exhibit  in  an  unfavoumblo  light  tbe  conduct  of  tbe  astronomen 
to  whom  Mr.  Adnms  had  coramunicated  his  resulu  towards  tlie  close  of 
the  year  1845.  Tbey  were  clinrged  in  vehoraent  terms  with  lukewarm- 
ness  in  the  causo  of  science,  m  ^^eU  as  indifference  to  the  honour  of  the 
country  and  the  reputation  of  Mr.  Adams,  on  the  ground  that  tJiey  did  not 
institute  an  Unmt'diotfl  search  for  the  planet  which  theory  had  indicated 
BO  clearly  to  exist.  It  was  alleged  that  the  execution  of  this  tiwk  de- 
volved more  especially  QjHin  them,  infismueh  as  they  wore  tho  ofhcial 
astronomerH  of  the  country,  and  that,  by  neglecting  to  carry  into  effect  tlio 
proposed  search,  time  was  allowed  for  a  rival  to  stlep  into  the  (ield  and  ta 
divide  with  Mr.  Adams  tlio  honour  attached  to  the  theoretical  disoove; 
the  planet. 

It  is  hardly  necessary  to  atato  that  this  accusation  is  theofTspring  of  in- 
discriminating  r,tia\  or  personal  prejudice,  rather  than  tho  result  of  a  dift- 
pflssionate  examination  of  facts.  W©  are  confident  that  the  simple  poiusal 
of  tho  foregoing  aecoimt  nill  be  amply  sufficient  to  convince  any  unbiaaBed 
mind  of  tlie  justness  of  this  assertion.  As,  however,  the  charge  is  aot  deeti- 
lute  of  plausibility,  and  as  some  of  our  readers,  who  hare  not  bestow«d 

"  "Si  M.  Clinlfis  s'cn  fiit  scrvi  (une  carte  des  etoiles)  au lipii  de  »uiTre  line Toiirebe plw 
pcnlble,  il  n'ciit  pw  nid,nquL'  unc  ilikouvfrte  qui  ^olianpa  en  uareiilc  circongtance  &  Lc* 
mannier  «t  i  htdfLdde" — Extract  of  a  Letter  fram  M.  Valz  to  M.  Arofo,  QtnipUt  Smdta, 
tome  %n\t.  p,  880. 


rafBdent  atU^ntion  on  llse  8«»bject.  loar  hare  been  niftlad  ti>  Moie  e.Tt«Dt 
bf  tbis  gn>iiT)dles8  ciamour,  we  deem  it  not  dtc^tliipr  out  of  place  to  sub- 
mit a  few  remarks  here  in  relstioti  to  it.  We  have  not  indeed  tbe  <»1ightps( 
doubt  thnt  if  &  diligeut  search  of  tbe  heaTena  bad  be«n  institaled  in  tlie 
noBtb  of  NoTomber,  1^45,  it  would  b*ve  nssltoii  in  iIm  dlMOreir  of  t)ie 
pbaet.  But,  while  fully  txineeding  this  point,  we  are  tij  no  meanfl  pre- 
pued  to  Ekdmit  that  existing  drcumatauces  vioald  h&v^e  ^-ifnuited  the  ini' 
oadiite  ftppropriatiou  of  tbe  resources  of  any  official  Ob^erTatmy  to  tuck 
lEolject.  It  muBt  be  bome  in  mind  that  Mr.  Adfttot'  reealts  wwe  tbe 
fhut^  o(  the  first  solution  of  the  problem  of  plaiietaiy  pertorbtttion  utileli 
tbe  g«>otneter,  aided  by  anslysis,  had  jet  arrived  at.  It  was  reasonable 
to  suppctse  that  tbe  position  of  the  planet  tmis  not  assigned  with  ■ 
degree  of  accuracy,  and  that,  in  order  to  secure  it*  discoFciy,  a  con- 
rable  region  of  the  heavens  would  require  to  be  submitted  to  a  careftit 
ination.  In  carrying  this  operation,  howerer,  into  efleet.  no  aid  could 
detired  from  any  prevjoug  laboaifi  in  Umnotfraphj,  §ince  a  star  map 
not  jet  been  constructed  for  the  part  of  the  zodiac  in  which  the  planet 
wis  then  moviDg.  The  search,  therefore,  oouM  only  be  accotnplighed  by 
*fe«  prosecution  of  an  extensive  course  of  obaervations,  Mmilar  to  tlttt 
'Moi  Mr.  Challis  undertook  in  the  following  jejir-  Under  euch  cipcmiK 
Mbmb  it  waa  iraperatiT©  on  the  part  of  the  astronomer,  charged  witli 
tficM  dnliee,  Co  exercise  due  diacretion  in  selecting  the  mott  ^ruurabls 
p«!t0d  UtT  devoting  the  resources  at  \m  di»po«wl  td  a  aystemfttic  seardt  tot 
the  planet.  This  line  of  conduct  waa  more  eapee^ftUy  praaetibed  in  the 
pnMBt  ease,  as  two  ri)ontb»  had  already  ekpaed  since  the  ptnnet  was  in 
«roidtian.  and  ihe  chance  of  effecling  its  discovery  before  it  vra^  lost  in 
US  rajs  of  tJie  f^un  bad  in  coiiBoquence  considerably  diminished.  The  snb' 
loiuenl  history  of  iho  circumslancea  connected  mth  the  discovery  of  ihe 
fVM  eoofirni  tills  view  of  the  subject.  Although  M.  Le  Verrier  an^ 
Mnnced  the  existence  of  the  undiscovered  bmly  as  early  as  the  l^t  June, 
IHi,  iad  eonfldently  asserted,  as  the  result  of  a  ct&reful  analysis,  that  tho 
(n«f  IB  tbe  position  h$  assigned  to  it  did  not  exceed  10",  it  does  not  ap- 
tlutt  a  single  telesoope  was  directed  to  tbe  heavena  lo  search  of  the 
ng  body  at  any  Obaermtory  on  the  Contiaent  of  Europe  previouf 
jirfit  of  ita  actual  discovery  towards  tbe  close  of  the  month  of  Sep- 
of  die  same  year.  Even  at  the  Royal  Dbscr^-alorv  of  Piuia,  wliich 
th«  direction  of  tbe  illiutrious  philnsopher  who  originally  sug- 
to  M.  Le  Verrier  the  subject  of  the  perturbations  of  Uranus,  and 
^■iMrs  it  might  bcive  been  expected  thnt  the  remarkable  results  obtained  by 
tW  geometer  would  have  excited  peculinr  interest,  no  steps  appear  to  havo 
t^eu  taken  towardis  the  rectital  discovery  of  tho  planet,  although  a.  month 
hi  dspftcl  between  M,  Le  Verrier  a  announcement  of  bis  final  resuUs  on 
^f  31  St  August,  I^IB,  and  the  receipt  of  the  intelligence  from  Berlin, 
fwiteiuiTig  the  accounts  of  Oalle's  discovery.  That  n  senrch  for  the  dis- 
luTliing  bo<ly  would  eventual iy  have  been  undertaken  at  more  tlrnn  one 
"I'^i-rvntory  is  ipiite  cei-Uun;  but  it  was  not  the  opinion  of  any  astronomer, 
tlmt  without  the  aid  of  a  st*r  Trmp,  this  object  could  be  auceeasrully  accom- 
fli^hftd,  except  hy  au  extensive  and  Bystematic  course  of  observation, 
"Had  jtnot  V>een  fortheinruiitely  fnvoumblo  circumstance," says  M,  Encke, 
of  TOssessing  ti  map  wherpen  one  niiglit  be  euri*  to  find  the  positions  of  ftll 
tiw  filed  stars  down  to  the  tenth  magnitude.  T  do  not  think  ihnt  we  should 
^Te  found  the  planet."*     These  remarks  will  appear  aupertluods  to  thoeo 

*  Ctwa|>tte  Rendiu,  tome  amiii  p.  GMl. 
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who  have  any  practienl  knowledge  of  astronomj.  Thej  are  addressed 
efiiieoiiilly  to  the  general  reader,  who  might  be  led  by  Kjisrepresentatiou 
to  form  inaccurate  views  on  the  subject.  Men  of  science  have  all  beon 
delighted  and  astonished  that  the  phmet  wjm  discovered  *o  soon.  Only 
thoM  who  make  the  cause  of  &cieuee  suhserricnt  to  the  miserable  grati- 
fication of  pereonal  feeling  have  sought  to  indulge  in,  opprobrious  language, 
becauBe  the  discovery  did  not  take  place  sooner.  Such  persons,  true  to 
their  instincts,  would  have  beon  the  first  to  hold  up  to  public  ridicule  the 
credulity  of  tho  planet  hunters,  aud  to  raise  the  ehai"ge  of  a  wasteful 
expenditure  of  the  country 'a  resources,  if  the  speedy  discovery  of  tbe 
disturbing  body  had  not  indicated  a  ditlerent,  though  equally  unjustifiable, 
ground  of  obloquy. 

It  would  bo  an  invidious  task  to  institute  a  compariBon  between  tbo 
respective  merits  of  Le  Verrier  and  Adaras  in  connexion  with  the  innnorlal 
discovery,  of  which  we  have  endeavoured  to  give  some  account  in  the  pre- 
ceding piiges-  We  are  of  opiniou  that  the  laboura  of  both  these  geometers 
are  equally  calculated  to  excite  admiration.  The  annala  of  science  do 
not  contain  a  brighter  page  than  that  which  records  the  progress  of  M. 
Le  Yerrier's  labours  as  he  advances  from  the  ill-defined  irregularities  of 
Uranus  to  the  precise  position  of  the  undiscovered  planet  The  core 
with  which  be  scmtiaizee  every  fact;  the  vigilance  he  extiibits  iu  de* 
lecting  every  imaginablle  source  of  error,  and  the  thorough  manner  in  wUieli 
he  sifts  all  its  parts;  tlie  ingenuity  and  conclusivenesg  of  his  methods, 
and  his  indomitiible  peraevemnce  in  calculation — indicate,  in  a  high  degree, 
the  poBsesaiou  of  those  qualities  which  constitute  the  main  elements  of 
Buceesa  in  all  researches  relating  to  the  pbysico-mathematical  seienoas. 
Nor  does  a  review  of  Mr.  Adams'  kbours  offer  a  less  pleasing  pictnre,  "We 
see  the  obscure  undergraduate,  while  his  attention  is  yet  distracted  by  the 
routiue  of  academic  discipline,  seizing  with  the  happy  intuition  of  genius  tliP 
true  theory  of  Urtmus.  and  forming  the  bold  resolution  of  tracing  it  to  its 
final  results.  Tbo  constancy  witii  which  ho  afterwards  atmggleg  to  effect 
this  object,  notwithstauding  the  TOauifest  disadvantages  of  his  position,  i^ 
equalled  only  by  ibe  masterly  character  of  hi^  analytical  researches  and 
the  brilliant  termination  to  which  he  conducts  them,  It  is  gratifyicg  to 
reflect  that  the  labours  of  both  Le  Verrier  and  Adams,  in  connexion  with 
the  perturbations  of  Uranus,  are  so  completely  dissociated,  that  no  danger 
of  a  mia-statement  of  facta  can  exist  in  the  discussion  of  tbeir  relative 
merits.  Difforencea  of  opinion  on  this  last  point  will,  no  doubt,  always 
prevail;  but  we  are  confident  that  future  ages  will  conrur  with  the  present 
la  awarding  to  each  geometer  thcs  tribute  of  unqualified  admiration. 

The  discovery  of  the  planet  Neptune  (for  such  is  the  name  by  which 
Astronomera  have  agreed  to  distinguish  the  Trans-Uranian  member  of 
the  Solar  System)  marks  an  important  epoch  in  the  history  of  physical 
astronomy.  Hitherto  the  object  of  the  geometer  had  been  to  unfold  by  a 
deductive  process  the  principles  of  perturljalive  influeTice,  and  lo  eiplaiii 
by  thom  the  various  phenomena  of  tlie  planetary  motions.  It  was  only  in 
the  determination  of  the  masses  of  the  planets,  and  in  aasigning  the  ratios 
of  their  polar  and  equatorial  axes,  that  the  order  of  inquiry  was  reversed. 
and  an  accurate  knowledge  of  the  disturbing  influence  was  sought  to  be 
established  by  reasoning  upward^ii  from  its  obser^•ed  effects.  In  each  of 
these  coses,  however,  the  equations  of  condition  are  of  extreme  simpUcily, 
ond  the  value  of  the  fuial  results  is  dependent  much  less  uptm  the  skill  of 
the  geometer  (ban  upon  the  accuracy  of  the  fundamental  observations.  The 
idea  of  submitting  to  a  t*imilar  treatment  the  problem  of  three  bodies  does 
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not  sppear  to  tiave  occurred  to  &dj  of  tlie  great  geometers  whoM  u&mes  arc 
BBOcuted  vitb  the  development  of  the  theorj  of  graTitatioD.  Nor  is  this 
qiwnnBtanee  calculated  to  excite  surprise,  for  the  actual  &taLe  of  Physical 
isl^munsj  had  not  jet  dcnumdeti  snch  an  advanced  step.  It  \fm  odIj- 
iriien  dl  the  conseqoences  resulting  from  the  mutual  action  of  die  planeta 
aireadj  kooirp  had  been  fully  deduced,  and  the  outstanding  irregularities 
lid  ■ssamed  the  form  of  residual  phenomena  depending  on  som«  foreign 
inSofiMe,  that  fnrtlicr  gpectilation  suggested  the  expediencj  of  inverting 
the  Qsoal  order  of  investigHtio'tt.  It  is  manifest  from  this  circums Lance, 
that  the  complete  establbbtnent  of  the  fornialse  of  planeta.rj-  perturbation 
most  have  preceded  any  nttemjit  to  ascend  from  tbe  effects  produced  hy 
an  ODMen  planet  to  the  determination  of  itj  actual  |x>sitiou.  The  aecom- 
^fihrnent  of  this  latter  object  is  therefore  an  iDdjcation  of  the  higbly- 
dtanced  state  of  physical  astronomy,,  since  it  implies  not  only  that  the 
difficalties  peculiar  to  the  inverse  problem  of  pertorbation  have  been 
NCMasfully  overcome,  but  also  that  the  irregulariiiee  occasioned  by  tlio 
BDtaal  action  of  the  ploueta  liave  been  deduct  from  the  principles  of  the 
Nevtonian  theory,  and  have,  in  all  instances,  been  found  to  accord  with 
ih»  results  derived  from  observation.  This  remark  does  not,  of  course, 
■pply  to  the  planet  vchich  theory  has  recently  revealed  to  us,  since  a  con- 
ttliisaJale  time  must  elapse  before  an  accurate  knowledge  of  the  inequalitie-s 
ii  tta  motion  can  be  obtained.  It  will  Uien  be  an  interesting  point  to 
KOTtain  whether  the^e  u]e<|ualiUe&  do  not  in  their  turn  aflbrd  indications 
vi\h/t  eu&tence  of  ii  still  more  remote  member  of  the  solar  system.  The 
idiQoomer  b  thus  led  to  speculate  on  the  theoretical  discovery  of  planets, 
icfl«rtiiig  too  feeble  a  Hgbl  on  accoutU  of  their  immense  distance  from  the 
MQu  lo  be  ever  \'isible,  even  by  the  aid  of  the  most  powerful  telescopes. 
hit  (o  be  hoped,  that  notwithstanding  the  abundant  harvcet.  tvhicU  has 
l>Ki)  already  reaped  in  Ce1estij\l  Mechanics,  that  inagniQeent  region  13 
ddtjned  still  to  aHbrd  more  profUablc'fieldii  for  the  application  of  the  re> 
iwrew  of  aiialy«J3  than  that  wliich  the  imagioalion  here  suggests. 


CHAPTER   XIII. 

^EleiDcafi  of  the  Plant't  Ncplutxe  d«?duceJ  from  Obsen-ation. — Tlicy  M*  found  to  be 
Diaairduit  with  ihc  Results  of  Theory,— The  cause  of  Diiccirdance  aligned. — The 
Pbneto^crted  by  Lalapde,— Tbeory  of  its  PertutbaJiotva. — Researches  i»n  tbo  Value 
of  ill  MxH. — Uaccrtainty  respectinf^  this  EtemcnL — Researches  of  M.  Hansen  on  the 
Uiar  Theory.—  Condusion  of  the  History  of  I'hj'siea!  Astronomy. 

Asioon  ^  astronomers  received  intelligence  of  the  discovery  of  the  Planet 
Aeplmie,  the  new  member  of  the  solar  system  was  regarded  with  iuteniso 
ioierest,  and  lu-curate  observations  of  it  were  made  both  in  Europe  and 
America,  When  the  elements  of  the  orbit  were  e^ilculated  fn>ra  thetie  ob- 
terrations.  a  comparison  of  the  results  with  those  assigned  by  the  iheurics 
fifLe  Venier  and  Adattia  led  to  rather  unexpected  nincluaious.  Although 
Ibe  orbits  assigned  by  ibesc  geometers  to  the  dislurbiug  plimet  did  not 
differ  materially  from  each  other,  they  hgth,  on  llio  other  hand,  exhibited 
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a  veiy  nuyrked  liisoordfLDce  witii  the  real  orbit,  as  indicated  by  observation. 
It  WAS  found  that  the  orbit  in  which  tUo  planet  actually  revolved  was  much 
smaller  than  either  of  those  deduced  from  theory,  and  that,  instead  of  being 
very  eccentric,  it  approached  very  nearly  to  a  circular  form.  The  following: 
are  the  elements  calculated  from  observation  by  Mr.  Walker  of  Wasfaing' 
ton,  U,9, : 

Mean  distance      ...... 

M,  Long.  January  I,  1847 1  M.  T.  Grecnmcli 

Eccentricity 


Long,  of  Perihelion 
Long",  of  Ascending  Node 
Inclination 


ao.ostjs 
sas"  ar  44*.ao 

.  .00871940 

47"  12'    0".60 

130  4  2(1  .81 

1  40  &8  .9? 


Jfean  Daily  SfotJon 
Periodic  Timo     . 


91".55448 

101.0181  ti-op.  yeanijj 


ElemenLs  of  the  planot's  orhit  wer6  alao  calculated  by  other  a&troiK 
and  the  results  were  found  to  agree  very  nearly  vritli  thoao  abov^  given. 
It  appears  that  the  mean  distance,  instead  of  being  nearly  double  the 
mean  distance  of  Uranus,  amounts  only  to  about  two-tliirds  of  it.  The  law 
of  Bode,  therefore,  which  is  so  remarkably  applicable  to  the  otlier  mem* 
bera  of  the  planetary  syateni,  totally  fails  in  this  ease.  The  general 
(liBCordance  of  the  elements  with  those  severally  aasigned  by  the  two 
geometers  who  were  led  to  the  theoretical  disco  very  of  the  planet,  at  first 
oecoaiouGd  considerable  surprise,  and  it  wm  euiB[>ected  that  some  diRSculty 
would  be  CKperienced  in  rendering  a  Rfltisfaetory  ot'count  of  its  origin,  A 
little  reflection,  however,  served  to  arrive  at  clearer  views  on  the  subject. 
In  order  that  the  reader  may  understand  how  elements  so  ramots  from  the 
tnith  as  those  of  Le  Verrier  and  Adams,  could  have  sufficed  to  effect  the 
theoretical  discovery  of  the  ]>lanet,  it  is  necessary  to  form  a  distinct  con- 
ception of  the  nature  of  the  problem,  by  the  solution  of  which  theee  geo- 
meters were  conducted  to  their  respective  results.  The  data  of  tliig 
problem  were  the  observed  perturbations  of  Uranus,  and  the  main  object 
to  be  ojccomplished  was  to  determino  the  positiou  in  tlie  zodiac  occupied 
at  any  assigned  instant  by  tlie  disturbiTig  body  bo  as  to  arrive  at  its  actual 
discovery.  Now,  the  derangement  occaainnod  in  the  rantion  of  any  planet 
by  the  action  of  another  planet  upon  it  depends  on  the  intensity  and 
direction  of  the  diaturbhig  force  at  euch  instaut;  and  tliese  again  depend 
on  the  mass  of  the  disturbing  body,  and  on  it5  distJince  and  longitude  with 
respect  to  the  sun.  It  is  manifest,  therefore,  that  only  those  elementa 
which  will  ttccurnlcJy  assign  the  distance  and  longitude  of  the  disturbing 
liody  will  render  a  complete  account  of  the  perturbations  of  Uranus.  But 
if  tne  values  of  the  heliocentric  co-ordinates  should  not  be  absolutely  eog- 
reet,  still,  if  tliey  approach  with  tolerable  approsimalion  to  the  true  vail 
it  is  not  difficult  to  perceive  that  by  n  due  adjustment  of  tJio  maaa, 
intensity  and  direction  of  the  disturbing  force  will  he  represented  with  « 
corresponding  degree  of  precision.  Under  such  circumstances  the  anoma- 
lies of  the  disturbed  planet  will  he  accounted  for  with  nearly  as  great 
fidelity  aq  if  the  disturbing  planet  were  in  its  triio  place,  for  the  error  of 
perlurhation  is  obviously  of  an  order  inferior  to  the  error  in  the  place  o( 
the  disturbing  Iwdy.  Now,  although  it  is  impossible  permftitently  to  re- 
present, even  with  tolerable  accuracy,  the  heliocentrio  co-ordinates  of  a  Ijody 
revolving  in  an  elliptic  orbit  by  moans  of  any  elements  which  differ  trara 
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tht  ttm  «l0BUnts,  still,  wbeu  the  question  rofer^  oiilj  to  a  tectmn  of  the 
«eitt»  tim  oigect  maj  be  ftccomplished  hj  employing  indofiiitte  combiim- 
boQiiil  dem€nts,  difieiiiig  tei^  considerably  from  em^h  oUier,  'Ihig  will 
bnidil/  uoderstood  when  it  is  home  in  mind  that  the  theoiy  of  olliptia 
Wt6ui  aaiigDs  foar  arbititiTT  constants,  which  may  be  modiQed  iu  a  variety- 
fiwij$,  so  as  to  answer  the  puqmse  of  mutual  correction  ;  and  that  on 
■enmlof  the  Bmalliiess  of  the  arc  described  by  the  body,  the  outstanding 
aim,  which  inevit&blj  exist  in  all  such  cases,  are  not  allowed  time  to 
dmiojie  themselras  to  aay  Mriom  extent.  In  the  case  of  Neptuuo  dis- 
ttHiag  Unmus.  tha  perturbations  nre  sensible  only  a  little  before  aud 
dkreoc^QfiCtion.  Throaghout  the  whole  period  embraced  between  iGllO, 
the  yettr  of  the  earliest  observatioa  of  Uranus',  and  the  oommencament  of 
tht  preaent  century,  the  actioii  of  the  distarbing  planet  hwi  been  quite 
ia^preeiable ;  and  consequently  the  tabular  errors  of  Uranus  for  that 
fton  tOMj  bd  considered  a.s  nholly  explicable  by  the  errorfi  of  the  elUptio 
iioBeotfl,  The  last  copjunction  of  the  two  planets  took  plaeo  in  the  year 
i^  and  th«  action  of  the  disturbing  planet  was  scnsiblo  only  during 
i^eat  twetitf  yoars  anterior  to  that  event,  aod  the  same  number  of  ycArs 
-TS^rquent  to  it.  ll  ia  moiiifeet,  therefore,  tha,t  any  elementg  which  will 
ii  '<<i  3  pretty  accumte  represeotatiou  qf  the  heliocentric  oo-ordinafefi  of 
"  the  present  ceutuiy,  will  account  with  sufliciont  fidelity 
lions  of  ITranus  during  the  same  period.  Couversely,  if 
IBS  j>erlurbatiuns  are  faithfully  mcoouiited  for,  we  may  conclude  that  the 
iWf  IB  ei^ble  of  representing  the  co-ordinates  of  the  dieturbing  planet 
^  oomsidemble  precision,  and  that  Ihey  may  be  employed  with  confidence 
farthsporpoae  of  its  aetiml  discoTery.  That  the  theories  of  Le  Verrier 
«|  Adams  were  capable  of  so  representing  the  co-ordinalej^  of  Ntptuno 
Imng  iha  whole  period  when  its  action  was  senaible,  may  l>e  seen  from 
HMfmoirillg  table,  which  exhibits  tiie  actual  and  theoretical  values  of  the 
in^bide  and  r&diiiia  vector  Tir  the  beginning  of  each  oilhe  jeftra  6|)ecificd 
bttwen  the  Team  1800  and  1600  \^ 


ThiKwr  of  Adwn*  *. 

ftamlfrpittBe. 

Tli*orj  ©r 
L*  Vtrrier. 

Vm. 

lit  A|)praxlmntian. 

£n<t  Apiiro^lniKiloa. 

Lai|jllirfe 

lUd-Vee, 

Loocitiiide. 

RsU.  Vk. 

LongJtuile. 

nacL  Vh. 

loagUvA*^ 

ItWtVWL 

IttD 

226*  i' 

mm} 

23P34' 

33.57 

230"  «- 

88.31 

238^  ff 

34.0<) 

IMl) 

247  W 

mm 

'i.H   10 

aiso 

264  13 

M.7A 

S50  30 

33.(K2 

>Vt( 

JS8ja 

30.23 

'27!  2d 

32.35 

273  II 

33.46 

276    5 

33.25 

—  '>) 

flOii 

20*2    8 

3-129 

293  27 

»l5f> 

2SI5  64 

92.00 

30  Wl 

;tl2  36 

m.m 

?JI4  an 

fi2.'22 

aiH  10 

aaii 

- 

-.X    .2 

'^.m 

332  2-5 

33.32 

335  m 

ii'lAS 

33^  50 

33.07 

1 

im  14 

29.87 

351   17 

34.28 

35Q     I 

sj.ao 

5Hm 

3i.67 

^^K*  Ur.  Atiutki*  theory  ii  ftiunded  upon  m  mcthrxl  of  f umi>Mivc  approximation.  A  «<r< 
I  Hi  mloe  of  ibe  inean  ditUiice  in  first  imuined,  and  bv  a  comparison  of  the  r(!«ijll» 
I  **— htrl  bf  it*  aid  with  thoce  deriveil  from  ob»ervatian,  nn  indication  h  obtained  of  iho 
(  dimdaa  in  which  the  cmr  m  the  mean  d«»tanc«  lie*,  and  itlv)  of  ito  proliable  nmenitudo. 
TVe  lohtlbia  l*  then  repeAlerl  witli  n  dcw  valtie  of  the  mean  dinFanre,  Mif^geslca  by  tliA 
ori^a^  folutumt  and  a  furtlii'r  approxiioalion  a  obtained.     This  ii  Uii^   mctliwl  of 
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It  is  manifest  that  any  two  correspondmf?  co-ordinaleg  of  either  of  i 
theories  coutained  in  the  above  table  tnight  have  been  employed  with; 
cess  in  searching  for  the  planet  Even  twenty  years  before  conjunction  the 
error  of  its  position  v^  assigned  by  Adams'  first  appro iimation  aniQuuts  to 
little  more  than  10",  a  quantity  which  falls  considerably  within  the  range  of 
seftrch  proposed  by  tbe  Astronomer  Royal  to  Professor  Challis,  in  the  month 
of  July,  1840.  The  reader  will  not  fail  to  remark,  that  the  longittides  an 
generally  repreeetited  with  greater  accuracy  than  the  distances.  This  cir- 
cumstance admits  of  easy  exphuiation.  The  intensity  of  the  disturbing  force 
in  any  given  contigiiration  of  tha  two  planets  depends  on  the  mass  and  dis- 
tance of  the  disturbing  planet.  Xow,  if  the  distance  bo  made  too  gtvit, 
the  disturbing  force  will  he  enfeebled  in  a  corresponding  degree  ;  but  thi4 
effect  niay  be  obviated  by  a  euitalde  increase  of  the  mass.  This  ia  pre- 
cisely what  happens  in  the  theories  of  Le  Verrier  and  Adams.  The  di«- 
tances  ore  all  too  great  in  both  theories  ;  but,  on  the  other  hand,  the  mtas 
in  each  cdso  is  considerably  enlarged  beyond  its  true  valtie.  The  pertur- 
bations of  Umnus  may  therefore  be  accounted  for,  in  ao  far  as  the  itttemit^ 
of  the  distu.rbing  force  h  concerned,  even  although  the  nidius  vector  of  the 
theoretical  planet  should  be  considerably  eiToneous.  The  mass,  however, 
pxercisea  no  inrtuenee  in  determining  the  direction  of  the  disturbing  force: 
and  if  the  latter  element  he  erroneoug  to  any  great  extent^  the  perturba' 
tion  will  bo  necessaiily  erroneous  also,  since  it  cannot  derive  compensation 
from  any  other  source.  Hence  arises  the  necessity  of  a  compar»liTe!y 
higher  degree  of  accuracy  in  the  ropreacntation  of  the  longitudes  of  the 
tlieoretical  planet. 

When  the  elements  of  Neptune  were  determined  with  a  degree  of  p»- 
eision  sufficient  to  enable  astronomera  to  trace  its  motion  through  tbo 
anterior  part  of  its  orbit,  attempts  were  made  to  ascertain  whetlier  it  had 
been  observed  on  any  occasion  previous  to  its  discovery  ai^  a  planet  by  Dr. 
Gjdle.  It  was  soon  found  by  Dr.  Petersen,  of  Altona,  and  Mr.  8.  Walker* 
of  Washington,  thatj'a  sliir  in  the  Hiatoir€  Celeste  of  Lalande,  observefl 
May  10,  1 705,  and  since  missing,  could  ho  no  other  than  the  phinet  Nep- 
tune. The  pluce  of  the  star  being  marked  doubtful,  tlie  French  astrono- 
mers were  induced  to  examine  the  original  manuscripts  of  the  Histoire 
Cekster  whicii  are  deposited  in  the  Royal  Observatory  of  Paris,  An  in- 
spection of  the  obsen'ation  established  the  identity  of  the  planet  ivith  the 
recorded  star,  and  disclosed  an  additional  fact  of  extreme  interest.  It 
appeared  that  the  planet  was  also  observed  on  the  StU  May,  1795,  and 
that  its  right  ascension  and  declination  were  regularly  recorded,  although 
they  were  not  sulisequently  inserted  in  the  printed  catalogue.  The  dis- 
cordatice  of  the  two  positions  May  8-10,  in  a  case  where  identity  -was 
looked  for,  beyond  doubt  suggested  to  Lc  Franijois  Lalande  a  suspicion  of 
the  accuracy  of  his  observations,  and  induced  him  to  suppress  altogether 
the  obsen-ation  of  Slay  B.     A  comparison  of  the  two  obser>'»tious  clearly 

mrpstigBtion  generally  employed  in  physical  nMrnnomy.  In  big  first  folulion.  Mr.  Advot 
assumed  that  the  mean  distance  of  tlic  hjjiotbciic  planet  wai  equal  to  3H.4 ;  in  Im  teomd 
siilutiuti  lie  made  it  37.5 ;  and  in  his  rannnunication  to  the  AslrDncimisr  Royal,  lUtMl 
gejitPMiber  2,  iS-tG,  he  stated,  as  the  result  of  further  disciii^Rion,  Ihat  33.6  irQuld 
probalily  bo  a  vdiy  tifcar  approximation.  The  actual  mean  dislancc  in  fact  ii  aCt.(R 
Thus  wc  see  that  Mr.  Adami  was  fairly  oil  the  track  of  the  true  orbit-  Tbe  nieiboil 
(Mnjiluycc!  by  M.  be  Venier  ia  of  a  niort?  nmbiriuus  diameter,  but^  unfryhunatclr,  it  it  ofA 
adviquate  to  nmctuH  tbt-  di^jculiiea  of  Kueh  abstruse  cnc]ixiriL>s,  and  in  the  pre&cnt  instance 
it  bad  the  eflVct  of  tKtmying  M.  Le  Verrier  into  error  with  respect  to  the  limils  uf  Uw 
mean  di<ta(iee  and  the  olticr  elements  of  tbe  orbit. 


ehibite  tbe  Tte-trograde  motion  of  a  pknet,  and  assigns  diiTei^nces  of 
r^t  asc4eij.^ioti  and  declination,  agreeing  almost  cjmctly  with  those  indi- 
fiied  bj  the  motion  of  the  planet  Neptune. 

in  eiamififttion  of  tbe  mutual  a^tiau  of  Umnus  and  Neptune  illustrates 
naa  Feiy  interesting  points  in  tlie  theory  of  pkneiary  perturbation, 
b  oonsequence  of  the  meau  motion  of  the  former  of  these  planets  being 
mif  &  SfiMll  fraction  less  than  twice  tbe  mean  motioQ  of  the  latter,  the 
pslarfa«bO(DS  which  recur  in  every  iynoddc  revolution  nf  the  two  planets, 
ttnaae  a  resemhlauce  to  those  which  tuke  place  in  the  theories  of  the 
tet  ftsd  second,  and  of  the  Gecond  and  third  sattillitc^  of  Jupiter.  This 
mr  eommensurabiUty  of  the  mean  motions,  in  Ikct.  introduces  into  the 
ofliit  of  each,  planet  a  considerable  eccentricity,  dependent  wholly  on  per- 
tutniioo,  and  distinguitiliiible  fmm  the  permanent  eccentricity  of  the  orbit 
Wthe  constant  coincidence  of  the  line  of  apsides  with  the  line  of  cuujunc- 
km  of  the  two  planets.  In  tbe  case  of  Neptune  disturbing  Urauus.  the 
iphetiMi  of  tbe  movable  ellipse  is  constantly  turned  towards  the  point  of 
«oqiaiictiop^  On  the  other  liand,  when  the  action  of  Umtius  upon  Xeptuue 
iiaasMlered,  it  is  the  perilieliou  that  is  turned  towards  the  same  point. 
biaotiier  respect  the  perturbations  of  the  two  bodies  resemble  those  of 
Tirious  other  primary  niembera  of  the  planetary  system.  The  near  com* 
ttcaiwrability  of  ibe  mean  motions,  combined  with  the  permanent  ec-ceii- 
Indliw  of  the  orbits,  gives  rise  to  ea  jnequiJity  of  long  duration,  similar 
latitat  in  the  theories  of  Jupiter  and  Saturn,  or  any  of  the  other  lung 
^e^ftlities  to  which  we  have  liad  occasion  lo  allude,  Tbe  magnitude  and 
Inmtioii  of  this  inequality  caimot  be  ascertained  with  precision  until 
aitinnoiners  arrive  at  an  accurate  determination  of  the  elements  of  the 
iti)  planets.  This  rem  oik  applies  more  especially  to  the  raraiu  distances, 
t  teiT  fimoll  error  in  their  relative  values  producing  on  enormous  influence 
oatke  final  results.  If  we  adopt  SU-'-iOuiO  for  the  mean  distmijce  of  Neptune. 
kii^  one  of  t^  earlier  value;^  deduced  from  observation,  the  duration  of 
tie  inequality  will  be  C8*iU  years.  On  the  other  hand,  if  wo  employ 
Mr.  Walkers  determinatiou  of  the  meau  distiuice,  which  differs  from  the 
preceding  value  only  by  t^^^,  the  duration  of  the  inequality  will  only 
fciiend  to  4*151  years.  The  magnitude  of  the  inequality  will  vary  in  a  sLill 
gi«ier  proportion  with  tho  change  of  mean  distance  *. 

The  ma.^  of  Neptune  is  au  element  which,  in  the  present  state  of  the 
liieory  of  the  planet,  is  still  involved  in  great  uncertainty.  A  iMntellite 
iLicU  has  been  discovered  by  Mi*,  Lassel  fortunately  nflbrda  the  means  of 
Jetermining  it*  value  independently  of  the  perturbative  action  of  the 
pltDBt,  bat  ua  satLs£a£tory  results  on  tliig  point  have  been  elicited  by  the 
nsearehes  of  astronomers,  M.  Otto  Struve,  by  means  of  his  own  observa- 
makes  the  period  of  the  satellite  5''  lil"*  15"',  and  the  Benii-mnjor 
of  the  appaj-'tjut  orbit  17",89.  These  numerical  values  indicate  a 
eqtud  to  YvlgT"  *^^®  sun's  mass  being  represented  by  unity.  On  tho 
'baod,  Pj'Lifessor  Pierce  of  Harvard  College,  U.S.,  guided  by  simitar 
donA  of  his  countryman,  Mr,  Dond,  has  obtained  ^75^^^;  for  the 
of  tiie  planet's  mass.  This  geometer  has  executed  a  detailed  calcu- 
m  ci  the  perturbations  which  Neptune  proJuces  on  Uranus,  and  boa 
tbat  the  mass  deduced  from  Mr.  UoinV's  observfttioas  of  the  satellite 


If  M  worthy  of  remark  ihat  the  inequality  is  girnter  In  the  funiipr  of  ihcse  eaaes  than 
'     latter,  although  the  ciistuTbing  boily  is  then  more  difitant     B«iOi  the  magnitude  aud 

3Q  of  the  ioecniaJity  increase  ad  mjtmfvm  Bs  the  mcBit  distiincc  Incrciisci  towwda  a 

wfj  Bcarly  eryjal  to  30.43014. 
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ftcc'ounU  better  for  the  irregularities  of  ibe  disturbed  planet  ihan' 
other  Talue  which  haa  Iween  assigned.  Wht-n  tlie  difficulty  of  tnakia( 
obscrratiop:^  uf  the  satellite  is  takeo  into  consideratiou,  it  id  maiuf«6t^ 
some  time  must  ekpse  before  the  Talue  of  this  eletnem  can  be  estAbliftbec 
-with  a  degree  of  precision  confornmble  to  the  present  condition  of  Pbyaioi! 
Atitronomy. 

Ill  one  of  the  preceding  chupters  allusion  has  been  made  to  the  long  ine 
quality  in  the  moc>D'y  epoch,  which  was  the  cause  of  so  touch  embantaimeol 
lo  astronomers  in  tJie  present  century,  but  of  which  the  eidstence  was  placed 
l>ejond  all  doubt,  and  its  true  iiatura  clearly  established,  by  a  discussion  ol 
the  Greeawieb  lunar  observations  consequent  upon  their  recent  reduction. 
The  cotnplete  explatiation  of  this  inequality  by  the  theory  of  f^rantatioo, 
was  the  reword  of  Professor  Hansen's  researchea  on  the  subject.  Mr 
Mry,  by  the  discussion  of  tbo  same  observations,  detected  also  two  small 
periodical  inequalities  in  the  moons  motion,  neither  of  wbicb  bad  biiheru 
been  recogniaed  by  theory.  The  greater  of  these  inequalities  wus  in  thx 
moon's  latitude.  It  varied  with  the  cosine  of  the  moon  a  true  lon^tude 
amounted  at  its  maximum  to  '2".  17,  and  was  additive.  The  othei 
ineqimlity  was  in  the  longitude.  It  varied  with  the  cosioe  of  the  longitudi 
of  the  node,  had  a  maximum  value  equal  to  0".fl7,  and  was  subtnictire 
These  quantities  are  indeed  very  amall,  but  eucli  is  the  high  degree 
of  precision  which  characteriiies  modern  observation,  and  such  is  th< 
mathematicid  refinement  attained  in  the  correction  of  the  lunar  or  planetar 
elements  by  the  discussion  of  masses  of  ol>Bervatjon8,  that  the  eiisteno 
and  true  form  of  the  inequalities  was  established  beyond  all  doubt  by  Ml 
Airy's  researches.  Observation  and  theory  were  tliereforo  once  more  ■ 
direct  isene,  and  it  remained  for  the  geometer  to  reconcile  their  disoordiimsi 
by  demonstrating  the  existence  of  the  discovered  inequalitiea,  as  neo«38ftril< 
due  to  perturbfttive  action.  Tliis  important  object  has  recently  been  ac 
complished  by  the  same  geometer  to  whom  the  explanation  of  the  loii] 
inequality  in  the  e^ioch  of  the  moon  is  due.  Professor  Ilansen^  by  a  pro 
found  investigation  of  the  lunar  theory,  boa  discovered  two  inequalitid 
similar  to  those  itidimted  by  observation,  and  very  nearly  agreeing  with  tben 
in  their  maximum  values.  The  inequality  in  latitude  was  found  by  him  t 
amount  to  \"M>>.  It  arises  from  this  circumstance,  that  the  plane  i 
which  the  lunar  orbit  is  inclined  at  an  invariable  angle  is  not  the  plane  a 
the  ecliptic  as  ba3  been  hitherto  8upp:)3ed,  but  a  plane  tlie  position  o 
which  i'rofeasor  Hansen  represents  by  the  following  conception  : — •"  Tftk' 
the  plane  of  the  earth's  orbit  iu  the  position  in  which  it  was  about  thrai 
years  ago ;  let  the  nodes  of  this  plane  revolve  backwards  on  the  pre««n 
ecliptic  through  W\  without  change  of  inclination;  the  plane  so  found  i 
the  plane  to  which  the  uniformity  of  the  inclination  of  the  moon's  orbit  i' 
to  be  referred."*  The  same  train  of  investigation  gave  also  the  inequality 
in  longitude.  M.  Hansen  obtained  0".50  for  its  maximum  value.  Tbi 
dificordaijce  between  IL  Hansen's  results,  and  the  valuea  assigned  tx>  th« 
inequalities  by  Mr.  Airy,  are  not  greater  tlian  sncb  as  may  fairly  hi 
fLijcribed  to  errors  of  observation.  Thug  the  clouds  which  for  a  momcn 
oijscured  the  Newtonian  theory  of  gravitation  bare  been  ellectually  t\h 
aipated,  and  a  fresh  conquest  has  been  added  to  the  long  list  of  triumpbi 
which  adorn  its  hi:^tory. 

With  the  foregoing  brief  allusiou  to  the  rcceut  reaeorches  of  M,  Htcaci 


*  Lcltcr  from  Professor  Hanson  (o  ihc  Astronomer  Royal,  Montl*ly  Not.  Ail.  Soc. 
Junt-,  1B49.  * 
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ee  the  lanar  theory,  oar  iLnpeffect  attempt  to  trace  the  history  of  phjsicftl 
Mtnwomj  is  now  brought  to  n  close,  A  review  of  the  progrefs  ol"  tJiJa 
loMiine  department  of  science  from  ita  onjjiu  to  its  present  advanced 
ttm  exkdhita  three  period*.  sevenUIy  clmracterized  by  distiiicdTe  fea- 
ttrm,  tmd  separated  by  well-defined  outlinea.  The  fii'st  of  the  6e^)enods 
abends  from  the  commencement  of  Newton's  career  to  about  the  middle 
of  tJto  eighteenth  centuiy.  It  comprehendja  the  establishment  of  tho 
tlMofj  of  grsTit&tioa  by  that  immortal  philosopher,  the  general  propaga- 
ikuKif  its  |tfificiplds,  and  the  efforts  pursued  by  geometers  with  a  view  to 
iis&tare  oeTeloptnent.  The  appearance  of  the  Principia  in  Iti&O,  is  ond 
tf  IfaoM  oonspiettoas  landmEirk^  in  the  annals  of  science  which  enable  tho 
nidir  V>  gn>tip  t^edier  a  multitude  of  Bubordinate  cveuts,  and  to  pursue 
Ua  «nty  with  compuntive  ease  along  the  intricate  path  of  phynical  re- 
mnb*  Guided  by  tlit;  maxjuis  of  a  cautious  philusophy  in  ectabliflhiug 
Us  faodAment&l  priuciplefi,  and  relying  nn  the  conclusions  of  a  sublime 
■Mnetzy,  the  ofispring  of  his  o^n  geniuR,  Newton  lias  in  that  work  un- 
iUld  lim  mechanism  of  the  material  universe,  aud  traced  with  complete 
mamm  the  agency  of  gravitatiun  in  all  the  graiid  plienomeua  of  tho 
pliiMtafy  movements.  The  dim  perceptions  of  Copernicus,  the  more 
— rfWBg  (Uid  comprehenBive  but.  equally  inefTectuul  spei:ulations  of  Kepler, 
4b nbar  conjectures  of  Borelli,  and  the  acute  sunuises  of  Hooke,  were 
iow  pfOftd  by  demonstrative  reasoning  to  be  t^o  nwny  indii^tinct  and 
iMtlsnid  glimpses  of  one  all-penadiug  principle  which  the  author  had  tho 
^OFf  ot  tirst  revealing  to  the  world.  The  multitude  of  complex  and 
ifpireDtly  imconnected  phenomena,  which  astronomei^  had  detected  by 
Vmam  n  peTBereriug  efforts,  prosecutt'd  throughout  a  lung  8Q)0cefl«iou 
*f  igoi,  now  «)Hramed  the  character  of  subordinate  truths  flowing  from  ono 
Bcatnion  source.  The  sngacious  generalizations  of  llippurchua  luid 
Ptolemy  among  the  ancients,  and  the  equally  admirable  e.fibrts  of  1'ycho 
Ufihc  and  Kepler  «ujong  the  modems,  were  finally  emancipated  from 
the  empiridsm  which  eharacterizes  mere  mathematical  inductions,  jind 
now  atood  forth  invested  with  all  the  gnmdeur  of  natui-al  laws.  Tho 
^maiml  adoption  of  the  theory  of  graviiation  whith  took  place  towards 
tbe  dose  of  tho  period  we  are  coneiflei*ing>  aiforda  a  lesson  at  once  interest' 
lag  and  instructive.  Blow  at  iir^t  to  admit  principles  which  presentod 
thoiDaelves  iti  the  austere  garb  of  the  anctent  geometry,  ntid  violated  tho 
dMsfaed  creations  of  fancy,  the  human  mind,  notwithstanding,  was  unnblo 
liftilaally  to  te^ht  the  force  of  demonstrative  reasoning,  and  finally  \yaB 
Qpntnined  to  bow  before  the  simple  miijesly  of  truth.  By  a  mtional 
exposition  of  theii'  niore  salient  features,  the  principles  of  the  theory  of 
^niation  were  brought  home  to  the  underatimdinga  of  persons  unused 
topfocesses  of  acieniifie  inquiry  with  a  power  of  conviction  which  the  more 
reiined  inTcatigatioiis  of  modem  limes  are  calculated  only  in  a  small 
dcfree  to  strengthen.  With  respect  to  tho  geometer,  the  impreBsion 
ptoddced  OTi  his  mind  by  tho  discoveries  of  Newton  was  of  a  totally  diJTerent 
For  from  recognising  a  theory  already  complete  in  nil  its  parts, 
^ibaofft^xed,  in  the  pages  of  the  Principia,  an  ineihaustslde  mine  of 
ISMiWirchi  and  already  descrieil.  in  the  dim  perspective  of  futurity, 
iot  expansion  which  the  sublime  princijilcs  therein  expounded 
^*ll9ilitifl^  to  acquire,  But,  to  use  the  language  of  an  illustrious  living 
ikieaofiber,  the  geometry  of  Newton  was  like  the  bow  of  Ulys^tca,  which 
wae  but  its  master  could  hend  *.    The  efforts  of  geometera  during  this 

•  Itenchel's  Dbcourse  m  the  Siudj  of  Natunil  I'hibnophy,  p  2?3. 
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jjeiiod  were  therefore  tnaiuly  diL'ecLed  to  tbe  Imprciveuiienlof  the  transcetft* 
dental  analysis,  the  only  iiijiilrumeut  that  conld  be  expected  ia  future  to 
ailbrd  auy  eilieient  aid  in  tlie  ubsLruse  resoarches  relutiu^  to  die  system  of 
the  world,  its  appliaitions  being  confined  to  problems  of  pure  mecUamoi 
— the  branch  of  science  whiclj  forms  the  coDnecUog  medmm  bet 
analysis  and  pbysica.  The  prodigious  mass  of  original  matter  that 
been  presented  in  the  Frimipia  in  a  syntlietic  form  supplied  geoi 
with  au  inexhaustible  lield  of  dellghtftjl  gpeculaliuns  of  tbia  oaturo. 
gnre  birth  to  &  multitude  of  analytical  inventions  which  proved  of  i: 
liiblo  service  in  the  future  development  of  the  tbeoiy  of  gravitation 

The  second  period  in  tbe  history  of  physical  ai^U'enomy  extends 
the  commencement  of  the  labours  of  Kuler  and  his  con  tern  porarie^j  oii 
limar  theory  to  the  close  of  the  eighteenth  century.  Less  fertile  in 
original  ideas  than  the  period  to  which  vre  have  been  referring,  it  notttith* 
staadiug  exhibits  a  rehnement  of  conception  in  fmidomenial  principles, 
combined  with  a  power  of  generalization  in  the  methods  of  research*  to 
which  no  acientifjc  investigations  in  any  other  age  can  offer  a  parallel. 
These  brilliant  elTorts  of  genius),  whon  applied  to  Celestial  Mechunics,  coa> 
ducted  the  geometer  to  new  solutionis  of  all  tbe  great  problems  of  tho 
system  of  tlie  world,  more  comprehensive  in  design,  and  more  fertile  in 
detail,  tlian  those  derived  from  the  synthetic  methods  of  the  Prineipi». 
FormuliE  were  afisigncJ  exhibiting  the  oscillations  of  the  planetarj 
raents  throughout  indefinite  ages  both  past  and  future.  Tlie  sal 
truths  relating  to  the  stability  of  tbe  planetary  system  wei-e  esmldished; 
Ijagninge  and  Laplace  upon  the  basis  of  a  rigorous  analysis.  The 
computation  of  the  motion  of  the  lunar  apugee»  the  equally 
account  of  the  hitherto  inexplicable  irregularities  of  Jupsler  and  Batum* 
ol  the  secular  acculeration  of  the  moonn  mean  motion,  tbe  solution  of  ilia 
great  problem  of  the  precession  of  the  equinojies  by  iho  ftlriete»t  prindpW 
of  mechanical  science,  anil  the  complete  establiiihmeut  of  the  ihtx^ry  of 
Jupitcrs  satellites,  may  be  ranked  among  the  most  brilliant  conqtieali 
achieved  during  this  period.  Tho  nctual  state  of  astronomical  ecieoot 
was  «l$o  now  brought  into  more  intimate  connexion  with  the  researcbea  of 
the  geometer  than  it  hnd  boen  in  the  preceding  perioil.  The  pfaononieBA 
t>r  the  celesjtjal  motions  discovered  by  Eippai'chus  nr«d  liiis  successors 

to  Kepler  inclusive,  were  too  bi*qadly  tnicfd  out  in  the  heavens  to        

any  doubts  re-npecting  iheir  real  chamcter.  It  only  remained,  therofint; 
to  e:^phiin  iheir  dependence  uiK»n  physical  prineijdes,  u  tiisk  which  devolf«d 
exclusively  on  the  geometer,  Hut  when  the  latter  proceeded  to  fniMJlT 
tlie  more  rcrondite  parts  of  the  theory  of  gravitation,  it  beeam^  iii&> 
pensable,  in  order  to  obtiUii  a  cunlirmtitioii  of  his  resultia  by  an  Kpp«d  to 
observation,  that  the  04)rretij>onding  phenomena  of  the  heavens  should 
exhibited  in  a  clear  form  by  llic  astronomer.  The  objects  of 
hebig  now,  however,  of  a  more  njituite  character  than  tliose  hii 
accoui]ted  for  by  theory,  were  appreciable  to  tlio  sstnmomer  only  by  a 
R<*ratiny  uf  fiicts  and  greater  dulicacy  of  ob&ervatJou.  1 1  was  thus 
aMtrouoMiy  and  ab;;itract  science  reJlected  a  light  tipou  eiieh  othor's 
which  cundmred  mutoriidly  to  their  mutual  progress.  The  results  ae^i 
by  thi* critical  acumen  of  llalley,  tlie  srtgaeity  ojf  Hrndley,  and  Lht*  unritmllod 
pi'ftctioal  sikill  of  iMusikoIync,  advanced  at  an  equal  paco  with  the  aitalyltcal 
resujarcbes  ai  tbu  gtiometci**  ou  the  Continent,  and  are  iiMperL-hdhlr  ssa^ 
dated  with  them  m  the  magnificent  triumjdis  which  illustnU  ~ 

of  physical  astronomy  during  this  period,    Tho  latter  aptly  cl  _ 

publkation  of  the  Mccaniquv  CekaUt  a  work  Ojubodying  many  g£  tiio  tood 
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of  Eukr,  Claimut.  D'Akmbert.  Hiid  Lflgrange;  but  in 
it  has  be<?n  beautifully  remarked  by  an  Pininent  philo- 
*  that  the  immortal  author  might  be  amply  justified  in  using  the 
writ  of  tho  prince  of  antiquity,  '*  et  qtiomitt  fnirs  matjna  JnL" 

The  third  period,  although  distinguished  leas  by  intdleclual  triumphs 
Iku  hj  the  profusion  of  its  acctimulit.t6d  treasures,  nQtwithstanding 
obldts  some  results  which  maj  vie  in  spletiduur  with  the  tnost  briUinnt 
#wta  of  genios  in  any  a^e.  The  sublime  theory  of  the  variation  of 
vbitreiy  constants  was  carried  by  Lagrange  to  a  slate  of  perfection  which 
idJl  command  the  admtradou  of  geometers  to  the  latef>t  pusterity,  and  was 
nbMqueDtly  applied  «itl]  suc<^ess  to  alt  the  great  problems  of  the  system 
rf  the  wi^rld.  The  vast  treasures  of  analysis  whicli  had  been  amassed  by 
ttte  geometers  of  the  eightt'euth  century  supplied  inexhaustible  Kti^res  for 
the  improTement  and  extension  of  the  eevenLl  parts  of  the  tlieory  of  gran- 
^  Wxmi  tad,  as  the  obj^ts  of  research  were  now  of  a  still  more  evanescent 
^^itaeter  than  they  had  been  in  the  preceding  period,  the  labours  of  the 
^PlbOBomer  were  characterise il  by  a  suitable  degree  of  refinement.  The 
~  imttis  of  Bci«Tice  do  not  contain  the  record  of  more  delicate  operations 
tWi  lb09e  which  have  been  conducted  in  the  present  age  for  the  purpose 
of  determintng  the  ellipticity  of  tbe  earth  by  meaui^  of  the  pendulum. 
The  dementi^  of  the  plaiietxiry  orbita  have  also  been  determined  with 
OtuiBpled  precision,  a  circumstance  which  has  been  attended  with  the 
liofi^  advantage  of  improving  the  tables  of  astronomy,  and  csliibiling,  in 
intd  relief,  the  existence  of  outstanding  irregularities.  By  the^e  means 
thfi  iang  inequalitiea  in  the  earth  and  moon,  besides  various  phenomena 
rf  mloor  interest,  have  been  detected  and  accounted  for  by  the  theoiy  of 
gnvitation.  A  similar  process  led  to  a  clear  definition  of  the  anomalies  of 
lniiuB,and  suggested  those  immortal  investigations  which  establii>hed  the 
tmtence  of  an  eiterior  planet. 

The  fnttire  prospects  of  physical  astronomy  are  in  accordance  with  its 

fttrt  tritimphs.     The  theories  of  the  smaller  planets  and  comets,  and  the 

STcrse  problem  of  pknctary  perturbation,  still  contiTuie  to  offer  to  the 

gBOoeter  extensiire  subjects  of  interesting  research.     The  theories  of  the 

tiWRidaiy  syslems  are  also  still  in  an  imperfect  cundition.     It  is  true  that 

lli«iBOon  and  tbe  system  of  Jupiter  s  ^tellites  have  formed  the  subjects  of 

tlibooile  reseaivk,  and  that  their  complex  pertuibutio^s  have  been  studied 

tith  a  degree  of  success  wbitih  leaves  little  furtlier  to  be  desired;  but  30 

intricate  are  the  various  parts  of  physical  astronomy,  and  so  difficult  is  it  for 

tht  geometer  to  bring  tbt*m  within  the  reach  of  his  analysis,  that  methods 

tjf  iDvestigBtion  devised  for  any  particular  problem  become  totally  useless 

vjun  appDed  to  others  apparently  similar  to  it.     In  the  secondary  systems 

rf  Sattun..  Cranus,  and  Neptnne,  ditticulties  will  doubtless  occur  to  the 

geooeter,  which  can  only  be  vanquished  by  methods  of  analysis  peculiarly 

liapted  to  each  specific  case.     But  the  planetary  eystem  docs  not  hold 

out  ibe  eiclusive  prospect  of  future  advancement  in  the  study  of  Celestial 

CH.  Already  the  subhme  truth  announced  by  Newton,  that  everj'psr- 

PBAtter  in  the  universe  attracts  every  other  particle  with  a  force  vaiy- 

ly  as  the  squares  of  their  mutual  distances,  has  been  realised 

in  the  motious  of  thos«  vast  bodies  ^hich  roll  in  ^pace  at  an  inconceivable 

beyond  the  limits  of  ihe  solar  syfitem.     The  recent  researches  of 

mn  on  the  motions  of  Double  Stars  have  established  this  important 

beyond  all  doubt.    An  unlimited  field  of  speculation  is  here  presented 

*  M.  Biot. 
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to  the  cotitemplative  mind.  Whether  it  is  allotted  for  the  geom^er 
tranaport  his  luialysia  effectuiUly  to  tliose  nivriaiis  of  liodies  which  tniokJ' 
in  the  starry  heavens,  aud  to  calculate  the  perturbations  which  the  bo" 
system  mnj  onei  day  exparieuce  ah,  in  tbe  euurse  of  its  motion  throttgl 
space,  it  approaches)  some  of  the  great  masses  of  the  universe,  anequestkaai 
^^hich  canuot  fail  to  occur  to  tlte  tbougbtfui  inquirer,  but  are  of  the  dad 
which  time  alone  can  aolre.  To  use  llie  language  of  an  eminent  philooopheri 
it  would  l>e  ratih  to  be  loo  sanguine;  it  would  be  uti philosophical  to  decpain 
Still  more  shrouded  in  mjiitery  is  the  question  relative  to  the  naton 
and  mode  of  operatjou  of  the  principle  which  is  thus  found  to  exercise  m 
incessant  influence  ovor  the  eongtitueut  particlea  of  matter.  That  it  has  A 
cl096  affinity  to  heat,  light,  etectricity,  and  the  other  imponderable  agwiti 
of  the  material  creation, — nay,  that  all  may  be  only  so  many  distinct 
festatious  of  aome  more  general  principle,  ia  the  prevailing  opinion  of  thoii 
who  have  devoted  much  attention  to  physical  researches.  This  opifumi 
may  one  day  ripen  into  an  established  truth,  and  views  of  nature  utm* 
ampled  in  magnifipence  aud  splendour  may  be  reserved  for  future  gatMOl 
tiona.  In  the  present  i^tate  of  our  knowledge,  however,  all  attempCi 
geueraliisations  of  this  kind  must  be  regarded  as  premature-  A  moldmA 
of  di Sic ul ties  occur  in  every  subject  of  physical  eoquiry,  the  expUuatioD 
which  uiu^t  precede  any  ex.tenHive  induction  of  general  principles  aucli 
that  referred  to,  but  which  can  only  be  expected  to  result  from  actentifii 
researches  prosecuted  throughout  a  long  succession  of  ages.  Wlsetiw 
gravitation  ia  a  quality  inherent  in,  a»d  neoesawily  co-existenl  witli 
matter,  or  whether  it  is  a  principle  easentialty  distinct  from  it 
operating  merely  on  its  conatLtuent  parts,  is  a  (jue^ition  which,  in  d 
probability,  is  destnied  for  ever  to  prove  irresolvable  to  the  most  peiietrattHj 
inquiries  of  the  humau  mind.  It  is  when  he  thus  passes  the  boimdai] 
"that  circuruacribes  the  province  really  accessible  to  hi  a  r^earctw!*,^ 
aeeks  with  pning  iutcrei^t  to  penetrate  into  the  llUmitable  region  nf  ihi 
unknown,  that  man  with  all  hia  boasted  philosophy  i.s  reminded  of 
nothingness.  He  hm  decomposed  the  subtle  light  into  ib»  priiuitivi 
elements,  and  determiued  with  mathematical  rigour  the  amazing  reloei^ 
of  its  truismissiou  tlnrough  space;  ho  bas  meiisurvd  the  distancea  of 
celeatial  bodies,  and  traced  the  laws  of  their  complicated  uiovemanta — bvt 
the  fall  of  a  decayed  leaf  suggests  to  him  probleme,  whose  sdJatial 
transcends  the  loftiest  powers  of  hi^  understanding,  and  in  the  phjo 
of  the  humblest  moss  that  pre«^ntj  itsdf  to  bis  contempliUioa  lia 
vounters  mysteries  that  prove  inipenetmble  to  bis  roost  aewrebing 
tiniea.  To  examine,  arrange,  and  cla»»ify  the  countleaa  VAri«lia* 
pby^icnl  jdicnometia-^to  dehue  the  character,  aud  unfold  the  adminbh 
l>eBUty,  of  the  priticipleij  that  unite  tliem  together,  and  txt  advance  bt 
cessive  inductiuns  lo  rclationa  of  a  more  ntid  more  cx,tenaive  ordtT  la  tlM 


economy  of  the  miiterial  uinversp — such  are  the  magniricent  entcrp' 
which  scienoe  projHjaes  lo  the  well-directed  efforts  of  persevering  tltought— < 
sncb  are  tbin^c  alone  whose  reah/ation  is  attainable  by  human  reaeatch 
Ennobled  with  elevatiug  concepliona  of  creative  grandeur  and  Iraughlwill 
aenlimonta  of  pure  enjoymoni,  is  the  mind  of  the  philosopher,  who.  ivltth 

ErosccuUng  the  t«tii<ly  of  naliirr  in  the  true  spirit  of  mtional  inquiry,  r8|;aHl 
is  vocation,  not  as  a  pursuit  dosiignetl  to  gratify  his  curioaity  or  nail 
to  his  ambitiun,  but  ae>  a  glorious  privilege  olTered  to  him,  by 
ftvaiUiig  himiielf  of  nhich  be  is  enabled  to  advance  the  condition 
fellow  creatures,  and  lo  diiicovcr  iunumerable  illuatratlona  of  the  powei^ 
imdom,  and  goodness  of  the  Supreme  Being. 
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CHAPTER  XIV, 


IflMMJlillti  iiil  llm  Solar  Parnllajc.— Madem  Delerminationsof  thu  ElenienL^Di»wireiy 

orthr  Solar  SfmLft Confcquences deduced rrai&  th'tB  Dnoorcni. — Pcric»d  of  ihe  Sun'* 

Ro(4iion. —  Theorie*  of  itie  Solar  SpoU, — Wilson. —  Hcncbcl. — RcworchM  on  the 
Lvnir  PanlUi. —  EltiplicUv  of  Mercury — ReKarches  on  ihe  BotalioD  of  Veitui.—' 
Vmaenrj    of   the    Ultn    Zodiacal    Planets.— Micronietri<»l  meuures  of  Jupvler'a 

SJiBiMit.     MiCTOn»(ricat  mtafurcs  of  Satum,  and  of  hk  Ring Obcover^  of  the 

i%^  SiMttlilA  of  Satijrn, —  Resctircb^  On  the  SiiTfUitea  of  UrBnuA. — Lasiel'i  Di»- 
$mvj  of  tba  SatcUile  of  Nepluiie.— Betearcbe»  on  Comeli.^Ha]l«;'»  ComeL— 
CaotiQf  1849^ 

In  datormination  of  tho  distance  fram  the  sun  to  anj  of  the  planots 
ifmlving  round  him,  is  one  of  the  most  important  problems  of  ostnoDotnical 
loence.  WJUeu  this  oliject  is  ejected  in  aiiT  individual  intitatice,  it  is  ihen 
|WiiMn  hj  meHtis  of  Kepler's  tliird  law  to  Hdcert&in  the  distances  of  vM  the 
ftaiMa  from  the  sun,  atid  hence,  also,  their  distaac&s  from  the  earth  cor- 
xg  to  any  Sfistigned  instant.  An  accurate  knowledge  of  the  latter  is 
Ae  in  redociug  the  apparent  positions  of  the  planets  to  the  true 

Cos  which  thfj  would  oot-upy  if  seen  from  the  centre  of  the  earth. 
results  taaj  obviously  be  all  derived  from  the  solar  parallax,  wbich  ia 
r«e|  by  the  reciprocal  of  the  sun's  distance  frotn  the  earth-     The  real 
of  this  element  hafi,  iu  all  ages,  formed  an  interesting  subject  of 
ntpary.    Aristarchoa  of  Samos,  by  observing  the  angular  distance  between 
lln  ion  and  moon,  viheii  the  latter  was  dichotomized,  inferred  that  the 
MiQ  is  nioeteeD  times  more  distant  from  the  earth  than  the  moon  is. 
'''  '         ; -turned  this  resalt  to  be  true,  and,  combining  it  with  the  value 
iitr  paralhuL  as  detenniued  by  his  own  obsert'atioiis  {or  rather 
M>se  of  llipparchus).  he  obtained  ^'  for  the  amount  of  the  fiolar 
This  value  was  adopted  by  aJl  his  auecesijors  down  to  Tycho 
lijsLve.     Kepler,  while  engaged  in  his  celebrated  researches  on 
^  of  Mars,  availed  himself  of  the  accurate  observations  of  Tycho 
ite  a  Birching  scrutiny  into  the  value  of  the  solar  parallax. 
>  he  came  to  was,  that  it  did  uot  exceed  1'.  and  in  all  pro- 
i      .;!.    :■  Ji  very  short  of  that,  quantity.    The  researdiea  of  Cassini  reduced 
iJk  Mu .  nt>r  limit  considembly  below  thia  value.    He  attacked  the  prabletn 
not  by  direct  investigiition.  but  by  means  of  researchea  on  the  parallax  of 
Uan.    When  this  planet  is  in  opposition,  it  ia  much  nearer  to  the  earth 
thin  the  sun  is,  and  consequently  its  parallax  h  then  a  much  more 
ivprocufaie  quantity  than  that  of  the  sun.     But  if  the  parallax  of  any 
{MtntC  if  cniee  determined,  the  parallax  of  the  sun  or  that  of  any  other 
fiiDet,  heoomes  ktiown  by  menus  of  Kepler's  third  law.     The  method  pro- 
fOaaJ  tiyCassini  for  determining  the  parallax  of  Mars,  was  to  make  simul- 
IHM0U5  observations  of  the  planet  when  in  opixiaition  at  two  places  of  the 
anib  coDsidcrably  distant  from  each  other,  at^d  then,  by  a  comparison  of 
tb»  riMtilta,  to  ascertain  the  amount  of  displacement  arising  from  the^ 
diffiarotioe  of  position.    For  this  purpose,  Richer  was  sent  by  the  Academy 
erf   Sdeoees  to  C^iyenne,  in  Africa,  wliile  Gaaaioi,  Roemer,  and  Picard 
itesrred  the  planet  at  ditferent  places  in  Frttnce.     A  comparison  of  the 
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|H>BitionB  of  the  planet  a^  determined  by  these  observations  abewed  thai. 
the  effect  of  iiarallax  wiia  insensible;  whence  it  M-as  inferred  that  nt  the 
utmost  it  did  not  exceed  25".  This  gave  10"  ss  the  greatest  'rajue 
^'hich  coutd  be  assigned  to  the  solar  parallax.  Cassini  tbced  it  at  9".&, 
ft  result  which  formed  a  very  iraportant  approximation  to  the  true  rmliML 
When  LsLcatUe  was  at  the  Capo  of  Good  Hope,  be  made  obserradons  of 
Mars  for  a  similar  purpose.  A  comparison  of  his  results  with  tlwa0 
assigned  by  similajf  observations  in  Europe  gave  10".  for  the 
of  the  sun's  parallas. 

The  transits  of  Venus  acrosa  the  sun's  disk  in  the  years  1161  and  1 
supplied  astroiiomera  with  a  more  accurate  method  of  detenninjqg  thr 
eolar  parallax  than  that  to  which  vie  have  been  just  alluding.  This 
method  was  first  pointed  out  by  Halley,  who,  in  1716,  suggested  In 
astronomera  to  carry  it  into  effect  on  the  occasion  of  the  appi 
transit  of  the  planets  earnestly  imploring  them  not  to  neglect  so  vali 
an  opportunity  of  determining  so  important  an  element.  Astronom^ 
did  not  fail  to  appreciate  the  value  of  Halley 's  proposal;  and  on  their 
recommendation  the  principal  Governments  of  Europe  fitted  out  expe> 
dilions  to  various  paxrts  of  the  world,  both  in  17l>l  and  1769,  for  uw 
express  purpose  of  observing  the  transit  of  the  planet.  The  transit  oC 
1781  was  imperfectly  observed,  and  the  result  did  not  prove  aatisfnciory* 
The  transit  of  lTfi9,  however,  wus  observed  with  complete  aucoesa,  A 
comparison  of  the  results  assigned  liy  the  various  observations  gave  8".! 
end  B^'.B  as  the  most  probable  limits  within  which  the  parallax  is  conftoed. 
Delambre  assigns  d".C  us  the  mo^t  accurate  value,  a  result  which  pUioet 
the  sun  at  the  distance  of  OS  milliotis  of  miles  from  the  earth.  Whflu  m 
consider  the  ingenuity  of  the  method  employed  in  arriving  at  this  dMtf^ 
miuation,  and  the  refined  nature  of  the  process  by  which  it  ia  cairied  nlo 
effect,  we  cannot  refrain  from  acknowledging  it  to  be  one  of  the  ooblMfc 
trtumphe  which  the  human  mind  bos  ever  achieved  in  the  studjof  pfajsioil 
Bcieuce. 

A  comparison  of  the  value  of  the  solar  parallax  as  assigned  by  obsifia» 
tJona  of  the  planet  Mars,  with  tliat  obtained  by  the  more  aecuntft  nctlMid 
of  the  transit  uf  Vetms.  did  not  lead  tu  no  dose  an  agreement  aa  nii^hl 
have  been  expected  from  the  advanced  state  of  astronomy.  Willi 
view  of  arriving  at  a  more  satisfactory  result  by  ihe  fonner  of 
metttodH.  the  Inr^j  Mr,  Henderson  made  obi>ervation9  of  Mars  at  the 
of  Good  Hope,  on  tho  occasion  of  the  opftosition  of  tlie  planet  in  1 
BJnuUtanetius  ubscrvations  of  the  phinel  were  made  at  Greienwich.  CtiiF 
bridge,  and  Altona.  A  dis^^nssion  of  all  the  obaervationa  gave  for  tiM 
eolar  parallax  a  mean  value  equal  to  9".  l'J5.  This  result  forms  n  n^tfar 
approJiimwtitin  to  the  generally  acknowledged  value,  than  either  of  tlioM 
nj)<iigned  by  Cns.'<ini  or  Laraille,  but  still  it  has  not  altogether  satialunl  iJm 
desire  of  furtber  research  on  tbc  subject.  A  method  for  dctvroiiiiiiig 
the  solar  pamllax  by  means  of  oliservatious  of  Venus  and  Mnni  htt 
recently  been  proposed  by  Dr.  t^erUng  of  Marburg.  A  suggestion  mhkch 
yrm  made  to  the  Goveniment  of  the  United  States  to  lend  its  no  OfiniitiM 
in  carrying  this  method  into  effect,  has  been  favourably  received ;  mid.  in  pm^ 
•aance  of  tbi'j  object,  an  expedition  has  beeti  despatched  to  the  Bute  uf  Chili. 
In  South  Americii,  in  the  month  of  July  of  the  presient  yoar*.  It  is  ea»> 
ti'mplnttid  to  observe  Mars  at  tbe  oppositions  of  164U-&*J;  and  Vetnn  li 
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Ac  mferior  coiynDctions  and  stationary  poinb  of  1^50-52.  Tbe  conJiict 
mi  the  observaiious  has  been  assigned  to  Lieutenant  Gilliss.  a  young 
actzvDomer  who  has  already  ijigiialized  himself  in  a  most  pmiseworthy 
mnner.  It  is  to  be  hoped  that  the  result  of  this  expedition  will  prove  to 
!■  aa  conduci've  to  the  advancemeut  of  astronomical  science  as  the  e;5pedi- 
ttMn  ttself  ia  ci^di table  bo  the  Government  under  whose  auspices  it  h&i  been 
midertakeii. 

Wliea  Galileo  first  directed  his  telescope  to  the  sun,  he  was  surprised 
Id  fitid  that  the  surGv^e  of  that  luoiiuarj,  instead  of  presenting  a  uuiforoi 
iMauwiCd.  accord  ins  to  the  opinion  universally  eutertained  by  philoso'. 
■aeis,  was  diTersified  with  a  number  of  dark  spots  e^ceedinglj  irregulnr 
both  io  Ibrm  and  magnitude.  When  ^'atched  attentively  for  some  days 
lima  phenomena  were  perceived  to  be  in  a  state  of  constant,  change.  In 
•enie  ivitJiiifes  two  or  three  spots  would  unite  together  and  form  one  large 
spot;  and  on  the  other  hand  it  happened  not  uufrequently  that  a  spot  of 
ooDsiderable  magnitude  would  break  up  into  two  or  three  smaller  ones. 
In  the  latter  case  the  spots  generally  diminished  with  more  or  less  rapidity. 
■ud  finaltj  disappeared  altogether,  when  they  were  succeeded  by  others  of 
Hm  same  irregular  and  Heeting  nature.  This  remarkable  disioovery 
iaiic&ed  one  of  the  inoBt  effective  blows  which  hud  yet  been  dealt  against 
the  ancient  philosophy  by  the  progress,  of  soientitic  research;  for  it  was 
fM  oi  the  fundamental  doctrines  of  Aristotle  that  the  heavens  are  incor^ 
nptibte  and  immutable :  and,  therefore,^  that  the  surfaces  of  the  celestial 
k>qoa  ute  destitute  of  any  physical  changes  nnalogoas  to  those  which 
rilmrterize  tlie  operations  of  nature  on  the  surface  of  the  earth.  The 
aoMittcerQent  of  the  existence  of  spota  on  the  enn  was  therefore  received 
by  the  adherents  of  that  philosophy  with  feelings  of  deep  mortification, 
and  various  attempts  were  made  to  demonstrate  its  fallacy.  By  some  the 
fffMMs  were  alleged  Io  be  spurious  phenomena  arising  from  the  impuntiee 
m  the  g1as«ea  with  which  the  observations  were  made.  By  others  they 
vcTC  majntained  to  he  planets  revolving  round  tlie  sun  at  small  distances 
kam  his  surface,  for  when  watched  some  days  they  were  all  found  to  have 
amotion  on  bis  disk  from  east  to  west.  Observations  made  with  different 
l^nncrr  anfficed  to  disprove  the  former  of  these  assertions.  With  respect 
l»  tfa/e  tatter,  a  fatal  objection  to  it  consisted  in  the  irregular  aspect  and 
iteaeful  cbaiacter  of  the  spots. 

Aithongli  the  name  of  Galileo  is  more  intimately  asHociated  with  the 
iiKOterj  of  the  solar  spots  than  that  of  any  other  philosopher,  it  would 
maar  that  one  of  his  contemporaries  at  least  arrived  also  at  a  knowledge 
lllheae  interesting  phenomena  by  original  observation.  Nay,  it  has  even 
hem  tUeged  that  the  illustrious  Italian  was  anticipated  on  this  occasion  by 
iBUtronomer  of  Germany.  It  is  incontestable  that  the  earliest  publiea- 
tsan  which  contains  an  account  of  the  solar  spots  is  due  to  John  Fabricius. 
•  aepiiew  of  David  Fabricius,  the  astronomer  and  inttmnte  friend  of 
Sspler.  The  dedication  of  this  work-*^  is  dated  June  IS,  IIHI.  The 
nAot  aasens  tliat  the  solar  spots  were  observed  by  him  from  the  com- 
■WBcemieiU  of  the  current  year.  The  work  contains  internal  evidence 
Hal  Msme  of  the  observations  of  these  phenomena  must  have  been  made 
■t  least  llvree  months  anterior  to  the  date  of  dedication.  Another  of 
Galileos  contemporaries  who  asserted  that  he  had  discovered  the  spots 
If  Ida  own  observations  was  Christopher  Scheincr,  a  German  Jesuit, 


'  Jdbnnu  fihn&i  Phrytai  de  Maculia  in  Sole  Ob«ervBtii,  Ike.  Wiltebut^g).  4to,  16U. 


flraroHY  of  phtbioai.  abtbokomt. 

wbo  was  Professor  of  Jlatliematicg  in  the  University  of  Ingolstait  Tha 
individiial  puMisbed  an  account  of  bia  observaiio&B  in  three  tetters  mi- 
dressed  to  Wilser,  the  chief  magiiitrate  of  ituf^sburg.  under  the  anourmooa 
signature  of  Apalle^  ialens  post  tabuiaTn,  The  first  of  these  letters  is 
dated  the  liith  November,  101 1.  The  author  etatJBs  tliat  be  &r&t  dis- 
covered the  spota  seven  months  previously.  This  asaertiou  would 
back  his  observations  to  th^  month  of  April,  10 1 1.  He  mentions 
upon  resuming  his  observatioua  in  the  month  of  October,  he  su3| 
that  the  appearanceg  arose  from  some  defect  in  the  glasses  with  which  h» 
viewed  the  sau,  but  that  after  he  had  prosecuted  lus  obsertationa  for  A 
short  time  he  finallv  became  convinced  of  the  actual  existence  of  the  spots*. 
With  respect  to  bis  alleged  discovery  of  the  spots  as  early  as  April,  I  ft II, 
it  is  dearly  ioadmist^ible,  inasmticli  as.  it  rests  solely  on  his  own  assertioa. 
Nor,  indeed,  even  if  eupported  by  sufficient  e\*idence,  do  his  observaiiotM 
of  that  period  nppear  to  possess  any  real  merit,  since  we  find  biai  io 
October  BtUl  doubting  the  actual  existence  of  the  spots.  Galileo  firsl 
alluded  to  his  discovery  of  the  solar  spots  in  the  commencement  of  bis 
•' Diasertfttion  on  Floating  Bodies,"  published  at  Florence  in  1612  f,  A 
detailed  account  of  liisj  researches  oti  these  phcnonienft  is  contained  in 
three  letters  addressed  to  Welser  in  reply  to  the  letters  addressed  to  the 
same  individual  by  Scheiner,  whose  views  of  tlie  nature  of  the  aolor  spots 
were  at  vnriauoe  with  those  of  the  Iialiau  philosopher.  These  lellsfs 
■frere  published  at  Rome  in  January,  1613.  under  the  auspices  of  tbs 
celebrated  Lyncean  Society  J.  The  first  letter  is  dated  the  4ih  May.  Ifli'i. 
The  author  asserts  in  it  that  eighteen  months  had  elapsed  since  bs 
originally  observed  the  spots.  This  statement  carries  liack  his  discovsij 
to  about  the  beginnitig  of  November,  1610,  As,  however,  he  has  not 
citetl  atiy  observations  of  so  early  a  date,  nor  metnioned  any  individuals  Io 
whom  he  eommuuicated  his  discover}',  it  is  impossible  to  admit  bis  Mser> 
tion  as  an  historical  fact§.     Evidence  of  a  more  reliable  oh&rs^ter  go«s  to 

*  An  tmucitiff  incident  is  related  in  conoexlon  with  Schdner^  olnervalifmi,  wWb 
indtcHtcA  tKe  litaT  eSect  wtih  which  the  authority  of  AnjIoUe  succeeded  in  munuinin^  ia 
ucc'tidvic^  oter  meti's  minda,  eten  vrhen  the  dogmu  of  the  illusUHou*  Slagyrtte  vm^ 
Ofi^jioied  to  the  lestimony  of  the  kuks.  Ai  toon  as  Seheinsf  h«d  uaured  tuoinlf  of  tliS 
actual  cxisfcnce  of  the  solar  spiUtt,  he  comrounic«ted  bia  diiooveiy  to  the  Pronncial  of  lbs 
Ordtr  of  JtMuils,  hul  the  btler,  whu  was  a  z«dnut  PeripaticHin,  positively  refused  togtv* 
Ci^dit  to  hii  assertion.  "  I  have  read  AiTitotle's  wrilingM  from  end  to  cud  many  tiBHt" 
■ayft  lie  to  Scheiner,  "and  [  can  assure  you  ttiat  I  have  nowhere  found  in.  Iheoi  BtiyAaqg 
aimilar  to  what  you  mention.  Go,  mTioD,  and  trsnauillise  younetf;  be  aBured  Ifaat  wkat 
you  take  for  if H>t4  in  the  Kun  ore  the  tmiIm  of  yatit  ^IMM  or  four  e^Hb "  The  inflcxihls 
proviucitkl  would  Rfil  aljuw  htm  Io  pubLi&h  liii  ohiomlioitt  tttd  opmiont  under  Ida  v^m 
name.  He  unty  consented  to  an  aiionvmoui  publicAtioa  of  tbcm,  as  mcotioned  fai  Iba 
teitl, 

t  Diicoreo  intamo  alle  Cotto  che  ftuno  in  hi  t* Aoaua.    RrcnM^  lAiSi 

f  Iiloria  ct  Dintottrazioni  itilomo  iU«  Maechb  Balm  ct  Ion  teddeoli  dil  SigMW  QiBw 
Oalilei,  Ice     Roma,  13  fsnrDnaro,  IGO. 

}  M.  Ango.  in  hU  valiublc  "  Annlpu  of  the  Life  and  Diioaveriet  of  Sir  Wilitaa 
Hencbel,"  publiitla'd  in  llu'  AHHunire  fur  )S42.  hot  di<seusacd  witli  pvalabtUtT  the  ekltm 
of  (he  various  itidivjdiiatN  t»  nhnut  tbo  ditcoiitry  of  thi*  iolw  VOii  has  lit*a  atUiboMd. 
Ho  rightly  refuses  to  Galileo  the  credit  of  Jiaviug  discavefod  tM  ipots  etghlaoi 
previous  to  hi«  firvt  letter  to  Welter,  on  (hey  gn>und  that  the  elaini  10  tbo  ^KOmtf  \ 

the  bans  aucrtion  of  iln  author.     JIc,  however,  readily  adnilu  that  If  Galileo!  Mi        

tuood  &M  nspord*  of  any  ob>K?riations  made  in  tl»e  prt-widing  year,  such  reeordis  stimiM  !• 
OOmidBneil  ai  fully  BuMnnltating  his  claim  la  tfic  di«<?t)very.  The  fntlowtpn  mim  lb* 
■  I  of  M,  Anifc'o  in  rcfpn'oce  to  this  point; — "'  l,i'  rin-iltcuir  niojen  dc  tnnicbOT  IMili 
it^  sur  la  dale  de  U  dc^wurerie  dea  laches  i»ui  ct<f  (k<  tu[j)Hjf[«:f  da  ir«cJ*aU«a  nlmt^ 


obserred  the  epota  as  early  as  the  monlli  Qf  April,  1611. 
n  that  Toontb  be  announced  the  existence  of  the  solar  spots 
»£  m  ooaJereuce  of  savana,  beld  in  the  geLnlen  of  Cardinal  Baitdini  at 
IUnds.  This  fact  was  afterwards  adduced  in  support  of  Ida  claims  to  tbe 
onginml  discovery  of  the  phenomena,  and  was  corroboratod  by  several 
p«f«oiis  who  were  present,  at  tbe  conference,  A  fourth  individual  to  whom 
the  discQV^'  of  tJie  sotar  spota  kis  been  attributed  is  Hiiriut;,  tbe  cel@- 
bnttfd  mBlbematicLiD  of  Kuglatid.  De  Zocb,  wbo  vii^ited  tbis  cotiTttry 
toviff^  lt#  close  of  the  last  century,  obtained  access  to  the  manuscripts  of 
JEUsiot,  and  from  an  inspection  of  them  he  cacne  to  the  conclu»ioTi  that  the 
■athar  had  observed  tbe  aolar  »pota  as  early  as  the  rncintb  of  Dt-cemi^er, 
1610-  The  late  Professor  Rigaud,  of  Oxford,  however,  having'  csirofuHy 
examined  the  same  manuscripts,  found  that  the  observations  contained  in 
them  roold  not  bear  the  interpretation  put  nprm  them  by  De  Zach.  It 
tnmB  oat,  in  fact,  from  hia  researehea,  that  Hariot  did  not  couitneuce  hts 
•lnttT&tiona  of  tbe  Epiits  before  the  month  of  December,  101  i.  With 
lOlJpClt  to  the  other  three  individuals  whose  nnmea  are  associated  witli  the 
4anMrery  of  the  phenomena,  it  is  pretty  evident  that  the  claims  of  two  at 
latst  are  well  founded.  Fobiicius  ajid  Galileo  appear  to  ha%'e  botli  per- 
ONved  the  BpoLa.  about  tbe  Kame  time.  Tiie  observations  of  Scheiuer  were 
U  a  later  date,  but  it  is  not  impossible  that  they  may  have  been  quite 
indbpettdent  of  tboae  of  his  contemporaries. 

The  diaeoTery  of  tbe  solar  spots  soon  conducted  astronomers  to  ilie 
iapOtittDt  couclu&ion  that  the  sun  has  a  rotatory  motioti  round  a  fixed 
■XM.  Fabricius  found  that  all  tbe  spots  bad  a  common  motion  on  tbe 
sans  disik  from  east  to  west.  Their  motion  was  greatest  when  they  wero 
ia  the  centre  of  tbe  disk,  and  it  theuc©  gradually  diminished  until  they 
mdied  tbe  •western  limb,  when  they  disappeared  from  observation.  In 
the  coarse  of  ten  (lays  afterwaj-dis  the  spota  reappeared  on  the  eastern 
limb.  Their  motion  at  first  was  slow,  but  it  continually  increased  until 
tbey  reached  tbe  centre  of  tbe  disk,  when  it  again  attained  its  maximum 
me.  He  also  found  that  the  magnitude  of  the  spots  appeared  to  bo 
greatest  when  tbey  were  on  the  centre  of  the  dislt,  and  least  when  they 
Were  near  either  of  the  limbs.  He  remarked,  that  according  to  the 
ffinciples  of  perspective,  all  these  appearances  would  ensue  on  the  sup- 
nmtioa  that  the  spots  were  attached  to  the  surface  of  the  sun,  tbe  latter 
Uin^  supposed  at  the  some  time  to  revolve  round  an  axis  with  a  uniform 
motion  from  east  to  west.  He  does  not  apjiear,  however,  to  have  formed 
a  adequate  conception  of  the  importance  of  this  conclusion,  for  he  did  not 
pamie  any  further  researches  in  connexion  vitb  it. 

Galileo  reasoned  on  the  subject  with  his  usual  sagacity.  The  various 
circutttSlaDces  contiected  with  the  phenomena  of  the  spots  soon  revealed 


Qui  aurait  oie  concevoir  des  doutcs  nur  h  Bmccrttf  d'une  dcclanition  de  Galil^ 
I  ta  ces  terms :  Tel  jouj-,  en  161 J ,  je  vis  mie  t^cKc  pres  dii  bonJ  flrienlal  ttu  Solcil ;: 
td  'wtF«  jour  elle  e(ait  au  centre  du  disque:  a  telle  iroiiieme  date  je  fu*  temoin  de  la 
i^Mbion  de  la  tachc  dcrriere  le  bord  occidental  ?  On  tmuve  des  oisenationa  de  ce 
BR  4uu  lew  tctnv*  i|ue  I'jllusrre  pKvsickH  wri^it  i  Wdscr  d'Ausboiirp,  mnis  ellcs  soiit 
maittOKtia  dAvrii  ct  dc  M»i,  1612."  (Annuaire,  1842,  p.  46f>.)  Fram  tlie  above 
OHfe  ttK  inrtr  that  if  M.  Antgo  had  been  acquainlcd  with  Mr.  Airv's  "  Historical 
BMnent  of  Circumstances  connected  wiih  the  Discovery  of  the  Planet  esterior  (o  Uninus" 
M  (be  Ihne  when  he  wa*  cnfrftpcd  in  drawing  up  the  critii^fll  remarks  on  thftt  subject,  which 
tfpamtA  in  tbe  Cftmptts  Rtadus  for  the  19th  October,  IB4C,  he  itould  have  conceded 
tJklnlmlfy  to  MF'  A(kRis  hid  right  to  the  discovery  of  the  Traci<t.U  rani  all  jilaneL^  as  un- 
iMdMiqgly  »  in  ihc  pre^ont  instanL't}  he  concedes  hyyothtt'tctiUif  to  Galileo  hie  right  to 
t^  dbeowevy  of  the  sr^lar  BpoU, 
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to  his  acute  perception  the  fact  of  the  sun's  moticin  round  a  fised  aiig. 
the  remarks  ou  Uie  spots,  which  appear  in  the  beginning  of  his  *'  Disser 
tion  OD  Floating  Bodies/' he  makes  the  period  of  rotatiou  tu  be  abQuti 
lunar  moDth*.  In  his  third  letter  to  Welser  his  language  is  Dao* 
precise.  He  states  that,  having  observed  a  great  number  of  spots  with 
much  attention,  he  mme  to  the  condusioD,  thai  the  time  duriog  nhiek 
they  ri3niained  ou  the  disk  was  somewhere  about  fourteen  dajst.  TloB 
assigns  rather  more  than  twenty-eight  days  to  the  period  of  the  sao^ 
apparent  rotatioB-  Modem  observation  makes  it  ST**  8^-  He  also 
marked  that  the  axis  of  rotation  is  not  perpendicular  to  the  plane  of 
ft-'liptic,  but  that  it  deviates  from  the  pole  of  that  circle  onlj  bj  a  as 
angle.  Although  Scheiner  formed  very  erroneous  views  of  the  natural 
the  solar  spots,  he  studied  mth  great  assiduity  all  the  circumstaoea i 
iiected  with  their  appeanmc-c,  Iq  1030  he  published  his  Rota  Urnn»\ 
an  immense  i^ork,  devoted  eit^lusively  to  the  subject  of  the  soIju-  Bp 


*  Che  (il  io!e)  in  un  mese  lunare  in  circa  finifcc  ii  nuq  periodo.     Opere  di 
Edit  Pad,  tome  i.  p.  189. 

i-  M.  Araj^o,  while  Gn^g«il  m  discus&inn;  ihc  relative  inents  of  Galileo  and  ScbRMIi 
with  refencncii  lo  (heir  respectiTc  reiearcht:;  on  the  subject  cif  the  fun*B  rotation  (J* 
ntmirt,  1^2),  ap|>i>ara  to  have  been  hurried,  by  (be  ardour  uf  cifspute,  ioto  the  eoBOiHMl 
of  an  Act  of  injustice  against  thii  illuBlriDuv  Italian.  The  folio wtng  is  a  brief  tiatxmeMt' 
tlic  facl«  connected  with  this  questiDo.  Sch«iner,  in  (tae  u(  hia  lelten.  bad  tUfltMl 
(hat  the  «]Wts  could  not  be  alraclied  to  the  surfecc  of  the  auu,  alU-gjng  in  support  of  I 
B&Bfliiinn.lKat  the  time  oceu[>icd  by  a  spot  in  traversing  the  sun"?  disk  was  greater  iDteoi,^ 
Cases  than  it  was  in  others,  fialilei}  deuied  the  existence  of  any  difen?tice  !o  the  dunti* 
of  the  spota  on  the  disk,  and  proceeds  in  the  rotluwini;  tcrm^  to  f^tate  the  grtHindi  ofMi 
disbelief: — "  Perche  havendu  io  circa  c|uei!(D  parJicolare  fatte  nio)lc,  et  molie  dilip!*t»' 
sime  osscrvazioni  rvon  Uo  tnivato  inciintro  alcuna,  onde  si  poasa  conctuder  altro.  K  noa 
chc  !e  Riacebie  totte  indifTcmmente  dimorano  aolto  'J  solar  disco  icmpi  eguali  che  a1is>o 

fiudizio  sonoqiialche  cusa  piii  di  giorni  14."     (Istoria,  &c.,  aik  Ma^chie  Solsiitp-  ^^^^ 
I  appean  by  this  passage,  and  alM  by  that  cited  in  the  forcgning^  note,  that  oi  e*Hj  •» 
J612  GaUleo  had  watched  with  great  assuluitv  Ihe  various  circumstaRcea  eonnecled  «•■ 
the  ulvapata,  and  that  a.i  neurit/  as  he  could  pusaiblt/ Jutiye  tlie  period  of  the  lun't  rOU- 
tiuD  waa  28  diiy?.      la    lG3l>,  sVhciner  publiiiht-d  bi*  Rasa  Ursina,  in  which  he  fis*l 
the  period  of  rotation   between  26  and  27  days.     Let  the   retuler  compare  th«e  (•(* 
with  the  followin||r  assertion  of  M.  Arago's,     "  Ga.Uleo  has  never  assi^ed  lb?  pe'^o^*' 
the  tun's  rotatiotif  whether  apparent  tir  Rial,  otherwisti  than  iti  a  vaji^e  mannar.     ^^^ 
inspect  to  the  apporcnt  period  he  flsod  it  at  about  a  mouth  luelto  spaxiu  quasi  i'"' 
mcae.  Dialogues).. ..Besides,  the  DialD|;uej  did  not  appear  tjtitil  1632»  two  yeari  after tb* 
publication  of  ihe  Rosa  UrMina  of  .Si:heiiicr."     Thus  it  apptaw  that  M.  Afajjo  eflljrtll 
Dverloukji  the  scientific  statement  made  by  GaUIeo  m  hiu  Jctter  to  WcUer,  of  Deoenbt'i 
J012>  and  a.<tsume»,  as  the  bam  of  his  reasoning,  a  retnark  on  the  same  subject  nwlcbf 
the  illustrious  philogophpr  in  his  ^*  Dialogues  on  the  System,"  a  wurk  iu  ttbich  the  ■utbvf 
avowedly  cxpoui>d'4  bi<  views  rather  iu  the  languag;!!  of  fetniliar  explanation  than  tnll>* 
airict  phriiseokigy  of  science.     Galileo's  ctlimate  of  the  period  of  rotation  a  alio  pt' 
■cnted  in  a  very  unfavourable  point  of  view  by  placing  it  after  the  publicatiiut  of  Scbein 
work,  and  twenty  year*  iulrtequent  to  the  stricter  statement  made  by  him  in  hi«  letle 
Welser.      It  may  be  urf^cd  tliat  the  tntiguoge  of  the  Italian  philosopher  Is  by  no  m% 
CoOMstent  with  the  preclflon  due  lo  such  researches.     This  is,  no  doubt,  true,  btit  it  • 
taint/  docs  not  lo^te,  in  this  respect,  by  comparison  with  the  langua^  tif  Schciner,    tnii 
when  we  take  into  account  thcd)M;ordancc!i  of  the  modem  detemunatjona  of  the  perk 
rotation  (amounting  to  tet'cn  or  eight  houn),  we  cauiint  refnia  frotn  the  condiiaioB  > 
too  much  rcE^rve  cannot  be  enipluyed  in  advancing  the  chiirge  of  vaguctiess  agqhutl 

>  original  expUjrvr  of  the  heavens^  with  Ihe  telescope,  whose  observations  were  io«le  wiliia 

'litUe  instrument  that  mof^iiried  only  thirty-IJirec  \\mv». 

^  Rosa  Uritina,  sivc  .Sul  eic  admirasdo  facularum  et  maculumrn  in  arum  phcnon)«Ri} 
variut,  See.     Alluding  to  this  cnnrnnms  work,  Delambre  sayfi,  '*  There  arc  few  WoksM 
diffubc  and  so  void  of  fiicb).      It  contains   784  pages:   there   is  not   matter   in   it  fbfj 
pBgcs."'--//tfjf,  Ast.  Mod.  tome  i.  p.  69tl. 


ipreliendiDg  obsenations  of  these  pbeiiomena,   which  extended 

L  period   of  eighteen   years,     lie   detennined    the  period  of  the 

a  rotation  to  he  between  UG  and  37  days.     He  also  assigned  B"  and 

8'  *A  the  ifTO  eictreme  limii:^  of  the  an^Ie  at  wluch  the  pole  of  rotation  ia 

indjiied  to  the  pole  of  the  cclijitic.     Modern  observation  makes  it  T^  W. 

The  subject  of  the  solar  spis  h  talcHlated,  iu  a  atfong  degreei  to  attract 

the  Attention  of  those  engaged  in  the  ^tudy  of  physical  science.     When  it 

is  0QO«dered  that  the  sun  exercises  so  cjommanding  an  influence  over  llie 

•pefmbodis  o(  tialnre  on  the  earth,  it  is  irapossihie  to  repress  an  intense 

dtmn  of  Brriving  at  8ome  knowledge  of  those  nijsterious  changes  which 

ai9  perpettially  taJiiug  place  at  hia  surface.     Notwithstanding  its  manifest 

inpOftatice,  however,   there  is,  perhaps,   no  department  of  astronomical 

■eieiift^  in  which  less  real  progress  has  been  made  than  in  that  relating  to 

tke  solu'  apotu.     Jn  order  that  the  reader  may  form  a  clearer  conception 

of  iha  Tartons  theories  which  have  been  deviled  with  a  view  to  explain  the 

■aglD  of  the^  inter^ting  phenomena,  we  s^hall  give  a  brief  statement  of 

tii6  principal  facts  relating  to  thetn  which  have  been  established  by  the 

oboerrations  of  astronomera. 

When  a  spot  ou  the  sun's  disk  i»  closely  examined,  it  is  found  not  to  he 
vnifiiimtly  obscitre.  The  central  part  is  chnractcrised  by  intense  blackness, 
but  it  ia  surrounded  on  all  sides  by  a  contour  of  appreciable  breadth,  which 
dhaluti  a  semi-luminous  appearance.  Tlie  more  ubscure  part  of  the  spot 
b termed  the  nucleus;  while  that  which  is  visible  by  a  faint  light  has 
leea  denominated  the  pentimbm.  The  nucleus  and  the  penumbra  do  not 
dade  into  each  other,  but  are  sejmrated  by  a  well-deGned  boundary.  This 
important  characteristic  of  the  solar  spots  was  first  remarked  by  Scheiner, 
ma  has  been  fully  established  by  the  observations  of  subsequent  astrono- 
Bieri.  A  similar  remark  holds  go<id  with  respect  to  the  exterior  part  of 
tiike  peotmtbra ;  the  bounding  line  between  it  and  the  wholly  luminous  re- 
gion around  it  being  in  general  distinctly  visible.  Sir  William  Herscbel 
mftde  a  series  of  photometrical  experiments  with  a  view  to  determine  the 
Rlatire  quantities  of  Light  emitted  by  the  nucleus,  the  penumbra,  and  the 
vhoUy  luminous  part  of  the  sun.     The  conclusion  he  came  to  was  that,  if 

hthe  fall  light  of  the  sup  be  represented  by  a  thousand,  the  brightness  of 
^  penumbra  will  be  repre^^ented  by  four  hundred  and  sixty-nine,  and 
|m1  of  the  nucleus  by  seven. 

The  formation  of  a  spot  is  generally  indicated  by  the  appearance  of  a 
rtTj  black  pore,  which  gradually  enlarges  on  all  sides.  This  enlargement 
of  fhe  spot  is  effected  liy  a  simultaneous  enlargement  of  the  nucleus  and 
wnttmhra.  When  two  or  more  spots  appear  very  close  together,  they 
M^mmtly  e^and  towards  each  other  and  form  one  large  spot.  When  & 
not  ja  diminiahing,  previous  to  its  disappearance,  the  process  of  diminu- 
bOQ  u  iOCiOnapliahed  by  an  iiTegular  encruaehment  of  the  penumbra  upon 
die  nndeiis.  This  circumstance  causes  the  form  of  the  nucleus  to  be  very 
im^idar.  and  not  unfrequently  leads  to  its  breaking  up  into  two  or  more 
dattncc  nuclei.  When  a  spot  is  disappearing,  the  nucleus  generally 
mJdiiea  before  tlie  penumbra. 

Sook&times  a  spot  is  ob^er^ied  in  which  the  penumbra  is  wanting.  Small 
wpmbi  axe  generally  destitute  of  these  appearances.  On  the  other  hand,  a 
pautmbra  without  a  nticleus  is  occasionally  seen.  Scheiner,  and  the  an- 
«wnf  observers  of  the  spots,  were  of  opinion  that  the  exterior  boundary  of 
tfas  penumbni  never  contained  any  sharp  angles,  however  irregular  the 
kniadary  on  the  side  of  the  nucleus  might  be.     The  accumte  observations 
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of  Sir  William  TTerscliel  have  shewn  that  thJa  Is  not  unirersallj  true,  0« 
the  18th  February,  1801,  lliftt  astrouomer  observed  a  spot  on  the  aoali 
di^k,  from  the  nueleuti  of  which  tbere  igsued  a,  branch,  jutting  out  sliArpiy 
upon  the  penumbm,  while  on  tfie  tame  tide  of  thf  upot  there  appearra  s 
similar  projection  of  the  peiiumbra  u|K)n  the  luminous  reginn  around  it 
In  the  coursa  of  a  Uttle  more  than  two  hotirs  he  found  that  the  nucletts 
had  thrown  out  thrt<e  branches ;  and,  in  this  case  also,  he  found  ttiatlhen 
were  three  exactly  corresi>oijding  branches  of  the  penumbra.  A  L-onclusnM 
manifestly  dedui^ible  from  these  curious  fActs  was,  that  the  c&use  which 
acted  upon  the  nucleus  acted  also  ia  &  similar  manner  upoD  tlli 
penumbra. 

The  magnitude  of  some  of  the  solar  epota  is  immense.  In  1T&4,  Msjir 
perceived  a  spot,  the  dimensions  of  wbicJi  amounted  to  -^^th  of  the  eoo^ 
apparent  diameter.  This  gives  above  45,000  milea  for  the  abeolni* 
diameter  of  the  spot,  In  1 779  there  appeared  an  immense  spot  on  tba 
Bun  which  Hcrachel  was  enabled  to  discern  witii  the  naked  eve.  Wtwa 
observed  by  him  ^vith  a  aeveu  feet  reflector,  and  a  high  magnifying  poveri 
it  was  found  to  be  divided  into  two  parts;.  The  larger  of  the  two  nieMnmd 
I''  B'''  in  diameter,  which  indicates  an  absolute  length  of  SI, 000  nfioi. 
The  rapid  changes  which  these  phenomena  undergo  is  very  astomehiaa; 
Herschel  etates  that,  while  engaged  in  observing  a  spot  on  the  IttUi 
February.  180Q,  ho  fixed  his  attention  on  several  places,  but  on  lookiiis 
off,  esenjor  a  moment,  the  spots  he  bad  marked  could  not  be  found 
Sir  John  Lubbock,  in  a  recent  communication,  states  that  he  has  obs< 
spots  visible  to  the  naked  eye,  of  which,  on  the  fullosving  day,  not  a 
could  be  found,  even  with  the  aid  of  a  good  telescope  *. 

A  remarkable  circumstance  connected  with  the  solar  spots  is  their  eath 
Btant  appearance  near  the  equator,  Galileo  remarked  that  their  diatnsei 
from  that  circle  never  exceeded  2^°.  Scheiner  found  by  his  own  ofaaemM 
tions,  that  they  were  all  ci:)nfined  to  a  zone  extending  ^(f  on  each  dde  ttf 
the  equator,  which  was  termed  by  him,  on  this  account,  the  rojal  Booa. 
Buheequent  astronomers  have  enlarged  the  region  of  the  sjiots,  bo  as  to 
embrBoe  a  zone  of  about  35'^  north  and  south  of  the  equator,  Occasioiitlljt 
indeed,  spots  are  observed  in  the  regions  exterior  to  this  zone.  A  tai^ 
epot,  which  appeared  on  the  sun'a  di^k  in  178S,  wns  fotind  by  MechniQ  «i 
be  distant  about  41"  ftO'  from  the  solar  equator.  This  i«.  however,  an  ia< 
Stance  of  ver^-  rare  occurrence.  Sir  John  Hcnschel  carefully  observed  tiw 
apote  on  the  aun'^  dii^k,  towards  the  close  of  the  year  1831^  and  the  bei^M* 
mng  of  1887  I  and  he  has  remarked  that,  during  the  whole  period  em- 
bnu;cd  by  his  observations,  the  moat  unpractised  eye  could  not  foil  lo  pms 
eetve  by  the  mere  allinoation  of  the  e^pots.  the  situation  of  the  poles  nd 
equator  of  the  sun,  witliout  watching  from  day  lu  day  their  pixtgress  aciimi 
ioB  diakf. 

Besides  the  phenomena  of  the  spots,  the  telescope  haa  diackieed 
interesting  api^earimces  on  the  sun's^  disk.  Some  parte  are  perotived'lt 
W  brighter  than  the  rest  of  the  surlace,  and  hence  hare  dnnved  t^  i|^ 
tionation  of  faculro.  These  phenomena  were  first  noticed  by  (>aii)«o  iti 
bis  third  letter  to  Welaer  on  Uie  spots^   The  illustrious  philosopher,  with 

■   Phil.  Maff.  rol  ixiii  d^  171. 

f  Uc*uUi  of  Astronomical  Oli«(;rT«tinTv»  at  tUe  C«pe  of  Good  Hope,  Ice.,  Ac  Loedo^ 

X  PoNo  Kpiiuogm*  dt»  ncllii  fn(«di<«tmtt  hecM  del  mh  «  vejipoop  tnl  toft*  akvM 
pacueue  fiit  eiutm  4d mto.     loturia,  &.c.,  <kUe  MasASm  Solw i,  p,  \skL 
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ites  the  existence  of  these  phetioraena  as  an  irrefmgRlblfl 
are  attached  to  Use  surface  of  the  suii,  instead  of  being 
,  in  his  *' Letters  to  Welser,'  eupposed  them  to  btj; 
ii^oo  tbel&tter  supposition,  he  reuiarkii^  that  th<a  fkcul^,  in  virtue  of  their 
■MUon  Irom  east  to  we«t,  ought  aomettmea  to  itppear  n&  bright  t^pots  beyond 
iIm  ImiLb  of  the  sun,  a  conclu&ion  which  was  totally  at  variance  with  obser- 
vaaou.  The  iaculec  generally  present  an  extended  tutnincma  appearance, 
Intt  oocssiouaXfy  they  exhibit  a  round  form.  On  the  3rd  DecemlAjr.  ISt.iO, 
Sir  WjUijim  Herschel  ohserved  a,  facnla,  wbich  measured  'i'  4a".0  in  ap* 
parent  lengsli,  and  therefore  extended  over  a,  linear  space  of  75,000  miles, 
Facttltt  Are  for  ibe  most  part  seen  in  the  ueigbbourhood  of  spots,  but 
•BBtwimeg  they  appear  alone.  In  the  latter  case  they  are  generally  the 
pvtewaoiv  of  spota  K'bich  appear  on  the  disk  the  following  day.  Messier 
■■•  frequently  enabled  by  iliis  circumstance  to  predict  the  appearauce  of 

r  twenty-four  hours  liefore  they  actually  presented  themeialves  on  the 
The  faculi^  are  always  brightest  on  the  sun's  limb,  and  generally 
iamppetie  aa  thej  approach  the  centre  of  the  disk.  When  they  enter  the 
iUk  on  the  eastern  Limb  they  generally  continue  to  be  perceived  for  two 
or  tbree  days,  after  which  they  cease  to  be  visible  until  they  reappear  on 
the  opposite  aide  of  the  disk,  when  they  aro  again  perceptible  during  two 
Of  three  da,j8  before  disappearing  lat  the  western  limb. 

The  deule  always  ap|>ear  in  the  region  of  the  lapoLs.  Observers,  however, 
hpr«  discofered  that  the  ivbole  gudace  of  the  eun  is  diverstijed  with  minute 
tomiuous  specks  of  dilTerent  degrees  of  brightness  and  irregular  etreaks  of 
l%ht  of  extreme  tenuity,  bordered  Jby  more  obscure  parts.  These  pheno- 
meM^are  termed  luculi.  They  are  alwaya  pefi-eptible  on  the  sun's  disk, 
■nd  ouise  the  whole  surface  to  aasume  a  mottled  appearance.  Sir  William 
Hetachel  c«>mpares  the  corrugated  state  of  tbe  sun,  arising  from  this  cause, 
M  tba  rodghodss  of  an  orange.  These  phenomena  are  found  to  be  in  a 
■IMAofoosistant  change.  The  more  obscure  parts,  when  submitted  to  a 
lb»  wxMOdu&tkfn  by  Sir  William  Hersciiel,  presented  small  pores  as 
IlKk  m  tlw  titiclei  of  tlie  spots. 

We  now  proceed  to  notice  the  variotia  explanations  of  the  solar  spots 
vhkh  ha^e  l>een  advanced  by  different  astronomers.  Galileo  supposed 
t^em  to  be  clouds,  of  a  greater  or  less  degree  of  opaqueness,  which  are  con- 
tt&Dtly  Jloa.tiiig  in  the  solar  atmosphere,  and,  by  their  occasional  interposal* 
tm^t  prtrent  the  observer  from  viewing  the  luminous  surface  of  the  sun. 
ttas  theory,  however,  is  incompatible  with  certain  appearances  (to  be 
incieed  firesently)  which  indicate  that  tbe  spots  are  depressions  in  the 
hmiiMMis  surface  of  die  sun.  It  is  al^^o  defective,  inasmuch  as  it  does  not 
Ofdim  the  constant  presence  and  well-detlned  outliuo  of  the  penumbra, 
mr  give  any  accouut  of  tbe  existence  of  faculse.  Scbeiner^  after  he  was 
GSOfuieed  that  tlie  spots  could  not  he.  plaiiats,  adopted  the  opinion  that 
liMf  were  the  indications  of  tumultuous  movements  occasionally  agitating 
tki  fleeau  of  liquid  fire  of  whicii  iie  supposed  the  sun  to  be  composed.  La 
J&v  imagined  the  sun  to  be  a  lluid  mass,  which  contained  within  it  nu- 
■wrom  opaqne  bodies.  Occasionally  the  latter  approached  the  surface  and 
9nv  rise  to  the  appearance  of  spots.  When  tloating  on  the  surface  they 
auneted  all  tbe  particles  of  a  similar  nature  arouud  them ;  and,  consa- 
^oeotlyr  when  they  disappeared  the  places  that  had  been  occupied  by  them 
wii»  brighter  than  tbe  other  parts  of  the  aurfuce  :  hence  originated  the 
•oitt  iacuhe.  This  explanation  agrees  with  a  remark  of  Cassini'u,  to  tbe 
ttfad}  that  when  a  spot  disapjiears  it  is  generally  succeeded  by  a  facula. 
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It  gives  no  account,  "however,  of  the  numeroiia  fnculfD  which  frequently 
Been  in  the  vititiity  of  a  spot  previous  to  its  dieappeamnce.  It  is 
manifestly  defective  in  many  other  particulars.  Derham  wass  of  opiniea 
thui  the  spots  are  volcanos  in  tho  sun,  that  the  nudeiis  represents  ihtt 
sniijke,  ancl  that  the  faculae,  which  subaequentlj  api>ear,  are  the  ^omttg 
flames  of  the  eniption.  A  fatal  ohjection  to  this  hypothesis  is,  th«t  tb« 
appearance  of  the  solar  faculaa,  for  the  most  part,  precedes  the  sppeaimM 
of  the  spot^. 

The  theory  of  tho  solar  spots,  proponnded  by  Dr.  Wilson  of  Glasgow,  w, 
far  more  worthy  of  coiieidemtton  tlmn  any  that  we  have  hitherto  nv  ' 
This  ingeuLousi  astronomer  maintained  tJiat  the  suu  39  an  opaqiM 
eurromided  by  a  Iwrninous  atmosphere,  and  that  the  spots  are  ext* 
in  the  luminous  matter,  by  means  of  which  the  observer  is  enabled 
the  dark  body  of  the  sun.     The  reasoning  by  which  he  established 
important  fact  that  the  spots  are  depressions  below  the  luminous  *m 
of  the  sun  is  of  a  purely  inductive  character,  and  is  founded  upon 
vadona  of  the  great  solar  spot  which  appeared  in  the  year  1769.     Tht 
ooutit  he  gives  of  these  observatious  is  e](ceedingly  interesting*.     Hf>  fint 
perceived  the  spot  on  the  22nd  Novetnber.     It  appeared  belww  the  eqot* 
torinl  diameter,  and  was  not  far  from  the  western  limb.     On  the  23ru  b» 
observed  it  again,  and  found  that  a  remarkable  change  had  taken  pUce< 
I'he  penumbm,  which  on  the  previous  day  wag  equally  broad  on  all  aide^of 
the  nucleus,  was  now  very  much  contracted  oti  the  tith  which  ia^  toiearA 
the  centre  of  ihe  disk,  while  the  other  parts  retained  ncjirly  their  former 
dimensions.     On  the  24th  he  again  observed  the  spot.    The  diatiuiee  i 
the  liiub  was  now  only  24*^,  and  the  contracted  side  of  Uie  penumbm 
entirely  vanished.     The  breadth  of  the  nucleus  on  the  same  side,  also 
peared  to  be  more  suddenly  impaired  than  it  onght  to  have  t»ecn  by  iIm 
motion  of  the  sun  across  the  disk.     Dr.  Wilson  demonstrated,  by  »lrk< 
geometrical  reasoning,  that  theae  are  the  appearances  which  would  neem- 
sainly  ensue  on   the  suppoMition   that  the  spot  wa;;  n  vast  excavaticHi,  ol 
which  the  nucleus  was  the  ttottom,  and  the  penumbra  the  sloping  «iA«». 
If  it  really  was  an  excavation,  a  i^imilar  succession  of  changes  in  a  rpveftft 
order  should  take  phice  vvhen  the  spot  reappeared  on  the  eaatem  Ij 
Tills  was,  in  fact,  what  occurred  to  the  obsenation  of  Dr  Wilson.  On 
lUh  December  the  sjxjt  appeared  on  the  opposite  side  of  the  disk, 
was  then  dL-itant  about  1'  W"  fnim  the  eastern  limb.     The  aide  of 
penuntbra,  next  to  the  limb  whicli  formerly  viinished,  was  now  wh 
viaible,  while  that  turned  towarda  the  centre  of  the  disk  app^r«d  K 
wanting.     Ou  the   i3th  December  it  came  into  view,  and  ne  stw  it 
tinctly,  ah  hough  narrower  than  the  other  side.     He  did  not  see  tbv 
flL^iii)  until  the  Hth  December,  when  it  had  passed  the  centre  of  the 
and  the  iventimbm  now  appeared  to  surround  the  niiclcuii  equally  on  tdl 

The  interesting  fjicls  hrsi  announced  by  Dr.  WiJsoTi  on  ihia  oot 
liave  been  fully  CMUiblished  by  the  observations  of  Sir  WiHium  He 
and  all  subsequent  aslrtmomera  who  liave  directed  tlieir  ut  tent  ion  to 

I  phenomena  of  the  solar  spots.    The  conduaion  to  which  they  nna^-oid 
ead  cannot  bcf  any  other  than  that  which  suggested  it«*elf  tu  Dr.  Wt 
uunely,  thnt  eh«  apota  are  not  on  the  same  lovol  with  the  real  of  the  mc^ 
surface,  but  are  depressions  below  it.  fonned  by  ihe  partial  removal  uf 
luminous  matter  wuich  enveloptss  the  dark  body  of  the  suti.     This  nw  JO 
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intportiiit  step  in  the  progress  of  researches  on  the  solar  fiprvts,  and  it  re- 

tooiaieiided  itself  more  especially  to  the  aitetilion  of  astrotiotners.  tnaa- 

ttoeh  BS  it  mis  not  due  to  an?  arbitrary  assumptions,  but  "wa!;  e^stahlished 

%  «  ngoioiu  process  of  inductive  reasoning.     With  respect  to  the  phy- 

Wtt^  caase  which  delermines  the  generation  of  the  spots,  and  the  varioua 

ikmomena  connected  with  them,  Wilson  caiidiilly  acknowledged  his  in* 

M&tj  to  advance  an  adequate  explanation  ;  but  he  propoundeil  his  views 

*  ih*  subject  in  the  form  of  querieH,  some  of  which  are  uut  unworthy  of 

Ittnitioa.     In  order  to  account  for  tlie  formation  of  the  spots,  he  suggests 

ibtdier  ma  clastic  rapour  might  not  be  generated  in  the  interior  of  th« 

tan.  vhichf  by  escKpiog  at  the  surface,  would  diftii.se  itself  in  all  directions. 

ud,  forcing  a  passage  through  the  luminoua  envelope,  would  ex[>ose  to 

the  eyt  nf  ao  observer  tlte  dark  body  of  the  sun.     Thia  hypoiliesis,  he 

neotliced.  votdd  sntisfactorily  explain  the  circumstance  of  the  boundary 

^BCvtsen  tho  nurletis  and  the  penumbra  being  always  distinctly  visible  and 

•ell  defined.     When  the  action  of  the  vapour  diminished  in  intensity,  the 

faeninoiis  matter,  in  obedieuoe  to  the  solar  g^ravitntion,  would  flow  into  the 

ttCAtttiozi,  causing  it  to  contract  equally  on  all  sides,  and  thereby  giving 

riw  to  the  appearance  presented  by  the  diminution  of  a  spot.    In  order  to 

aeooant  for  the  gradual  proceas  by  which  the  changes  of  the  spots  ap- 

potrtd  tt)  be  effected,  Dr,  Wilson  supposed  the  luminous  matter  of  the  sun 

lo  pociess  rather  the  consistency  of  a  thick  fog  than  the  mobility  of  a 

Mmd  or  gaseoos  envelope.     The  penumbra  indicated  the  sloping  sidei^  of 

Hm  ezeaTBtmn,  which  were  supposed  to  be  less  bright  than  the  rest  of  the 

•mftoe.  on  acTOunt  of  a  diminution  of  lustre  experienced  by  the  luminous 

*  '  ised  itself  over  them.     With  respect  to  the  faculjE, 

^■'  ^,   'I  them  to  be,   in   all   probability,  merely  phenomena 

of  h|(ht  and  ahade>  arising  from  ttiniultuous  movements  in  the  luminuua 

Qiauef,  which  were  occasioned  by  the  intense  action  of  the  excavations. 

Bt  adduced  in  support  of  this  explanation,  the  remarkable  fact,  that  the 

ll^a!  appear  always  in  the  vicinity  of  s[K)t^,  and  are  never  observed  ia 

Ibttolar  regions  of  the  stin. 

The  foregoing  speculations  of  Dr.  Wilson,  on  the  origin  of  the  aolar 
»I»U.  are  very  ingenious  ;  hut  as  they  involve  the  assumption  of  a  gaseous 
f«foar,  of  whose  existence  we  have  no  proof,  they  are  inadmissible  into 
Ik*  ncnlt  of  physical  truths  deduced  by  legitimate;  rea-soning  from  esta- 
Ui^»d  &K^ts,  and,  therefore,  cannot  be  recognised  as  really  forming  a  part 
tf  Mtixmomical  science.  But  apart  from  the  objection  that  the  principle 
lovhieb  the  phenomena  of  the  lipots  are  ascribed  ia  not  a  Bern  causa,  the 
bjpothesis  of  Wilson,  when  submitted  to  cl«9«  examination,  will  be  found 
tOiftiTd  a  very  inadequate  explanation  of  these  phenomena.  One  impor- 
tnt  defect  we  shall  mention,  and  it  will  be  UDoeceasary  to  ^loint  out 
■are;  for  unless  a  theory  be  capable  of  representing  all  the  details  of  a 
pbeaomenon.  it  cannot  be  considered  a!<i  a  true  embodiment  of  natural 
■els.  Although  the  boundary  between  the  nucleus  and  the  penumbra  ia 
indent ly  well  accounted  for,  the  case  is  very  different  with  respect  to  the 
•KtHior  boundary  of  the  latter.  It  ia  iropossible  to  conceive  how  a  homo- 
fBBaoua  vaporuas  substance,  such  as  the  luminous  matter  of  the  sun  is 
imxotfd  to  be  composed  of.  could  experience  so  Btnking  a  change  of 
liltra  as  observation  indicates,  by  a  mere  change  in  the  inclination  of  ita 
MxfKe  to  the  visual  ray.  That  the  transition  is  abrupt  and  not  gradual 
frota  the  nucleus  to  the  penumbra,  and  from  the  penumbra  to  the  wholly 
lutainous  region  around  it,  ia  a  feature  of  the  solar  spots  which  baa  been 
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remarked  by  all  astronomers  wbo  have  obaerred  tliese  phenomena, 

the  period  of  their  discovery  down  to  the  preseut  d«y.  "  Tliia  want  of 
graJijatJQU,"  says  Sir  John  Herscbel,  "  this  sharply- marked  suddeuaesa 
of  traiksition,  is  alt^igeiher  opposed  ta  the  conceptiau  of  &  susceptibility  ol 
iudefinite  a,nd  easy  tuixtui-e,  in  the  luiniuous,  uon-luwinou^,  and  s^sir 
luminous  constituents  of  the  solar  euvolope.  ....  There  is  no  gndji^ 
melting  of  the  one  shade  into  the  other — spot  into  penunrbni — penumlifii 
into  full  ligbL  The  idea  oouveyed  is  tnure  that  of  a  successive  wiLbdrawtl 
of  veib,  the  partial  removal  of  detluite  Elms,  than  the  tn  el  ling  away  td  • 
mist,  or  the  mutual  dilution  of  gaseous  media."* 

In  adverting  to  the  views  of  Dr.  Wilson  on  the  solar  spots,  it  woulii  ht 
unjust  to  attach  to  them  a  degi'ee  of  importance  beyond  what  they  realij 
possessed  in,  the  autliur's  own  estimation.  No  philosopber  could  appt^ 
ciate  more  fully  than  he  has  done,  the  essential  distinctton  tliat  exists  1*^ 
tweeu  concluaioos  drawn  from  au  examination  of  the  real  phenoraena  of  I 
nature,  and  all  mere  speculntious  in  physical  science,  however  ingenious  of 
probable.  In  a  pajier  on  the  same  Buhject,  which  was  subsequently  con> 
tnunicated  by  him  to  the  Royal  Society,  and  which  was  written  principal!.? 
with  the  view  of  combating  certain  objections  urged  by  Lalaude  a^iustliis 
explanation  of  the  spots  being  excavations  in  the  luminous  matter  of  liM 
Bun,  w©  find  incidentally  thrown  out  the  following  series  of  conjectuiW 
respecting  the  origin  of  "the  spots: — '*  Whether  their  first  produlitioii  w^ 
sul^quent  numberless  changes  depend  upon  the  eructation  of  elaEtifi 
vapours  from  below,  or  upon  eddits  ortthirlpooU  command  nff  al  tfu'iurfa^i 
or  upon  the  dissolving  of  the  luminous  matter  in  the  solar  atujosphere.  ■> 
clouds  arojuelted  and  again  given  out  by  our  air;  or,  if  ibc  reader  pl«a£^ 
upon  the  annihilation  and  reproduction  of  parts  of  this  resplendent  cov^ 
iug,  is  left  for  tlieory  to  guess  nt."f  Some  of  these  sunniseSt  whsoil' 
tentively  considered,  will  be  found  to  be  by  no  meons  destitute  of  probabitiiy* 

Allusion  has  l>een  made  to  au  objection   urged  by  Lalande  agunst 
Wilson's  explanation  of  the  solar  spots.     The  French  astronomer,  cc(H' 
ceiving  that  the  supposition  of  their  being  excavations,  was  iucompatiWt 
vrith  certain  obsen-ations  of  Cassini  and  La  Hire,  came  to  the  conclusion  | 
that  they  were  rather  protuberances  existing  on  the  solar  surface  J.    la 
order  to  account  for  their  formation,  be  supposed  that  the  luminous  fl«iij 
which  covered  the  dark  body  of  the  sun  occiisionally  subsided,  laying  bgrl 
the  projoctLog  eminences.     The  nuclei  of  the  spots  represented  tbci  latter^ 
while  the  penunibrae  indicated  the  suiTouudiug  shallows.     "Witbout  alludr 
ing  to  the  numerous  defects  of  this  theory,  a  fatal  objeotJon  to  it  is,  ibi|| 
the  penumbra  shades  insensibly  into  the  luminous  region  around  it.    Thii 
conclusion,  as  we  have  repeatedly  had  occasion  to  remark,  is  totaUy  ai 
variance  with  observation.  | 

Jn  177ti  Bode  published  a  theory  of  the  solar  spota.     He  supposed  tjbi 
sun  to  be  surrounded  by  two  atmospheres.  One  of  these  was  opaque,  the  oiin 
which  was  the  exterior  atmosphere,  was  luminous.     The  appearauce  <if 
spot  waa  occasioned  by  a  partial  opening  formed  in  the  luminous  ittiUi 
sphere,  which  disclosed  to  the  eye  of  tui  observer  the  dark  substrata 
beneath.     The  luminous  matter  was  wholly  withdrawn  only  at  tli©  «e 
of  the  nperiure,  occasioning  the  appearance  indicated  by  tlie  nucleus  of 
spot.    Towards  the  sides  it  merely  diminished  in  thickness,  and  iu 
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esliibited  a  faiiiter  lastre,  whence  originated  the  penumbra.  He 
rd  tbe  CunUse  to  be  va^t  luidulations  in  the  luminous  atmosphere, 

proof  of  vrhich  be  remarked  Lb&t  thev  were  most  eoiispicuous  towards 

'llie  lunhs  of  tbe  sun,  and  ceased  ta  be  visible  when  they  approached  the 

ttatre  of  die  disk.     This  explanatian  of  the  solar  sputa  does  not  differ 

Bilemllj  from  that  which  bad  been  atreadv  advanced  bj  Wilson;  nor 

ion  it  temofB  Any  of  the  objecdobs  to  Trhieb  the  latter  in  liable. 

Tbe  next  astrrvuomer  whose  researches  on  the  solar  spots  demand  a  brief 
BOtiee  is  Sir  WilUam  Herschel.  That  illustrjgus  individual  devoted  con- 
lideimbVe  attention  to  this  eubjeet,  and  bus  presented  the  result  of  bia 
lihours  iu  two  pai>er9,  which  appear  in  the  volumes  of  tlie  Royal  Society*, 
la  these  papers  the  author  has  given  a  detailed  statement  of  a  multitude 
tl  iatereetitig  facts  derived  irom  bia  observatJonsi  of  the  solar  Bpots,  and 
Im  exhibited  a  complete  view  of  these  phenomena  which  is  in  the  liigheat 
iagfm  instructive,  Tbe  conclusiona  to  which  he  was  conducted  by  hia 
RKttches  on  this  subject  are  entitled  in  some  respects  to  be  ranked  with 
llkB  laany  other  great  achievements  of  liis  geoiua.  He  demonstrated,  by 
ttema  of  his  admirable  observations^,  that  the  spots  are  r^l  depressions  iu 
tW  BuHace  of  the  eun,  and  that  tbe  facutte  are  elevations  above  the 
OfdiMxy  level.  He  supposed,  also,  in  common  with  several  astronomera 
vbo  pit;c«ded  him,  tliat  the  sun  is  an  opaque  mass  surrounded  by  a 
IvMiiOua  atmosphere.  He  maintained,  however,  that  this  atmosphere 
Onvot  be  either  gaseous  or  fluid  ;  for  on  either  of  these  suppositions,  tbe 
ivnuBQitt  matter  would  fiow  with  great  velocity  into  the  depressions,  and 
Voold  ocoasion  an  almost  instautaueoua  disappearance  of  the  spob;,  instead 
of  t  gmdual  diminulioa  as  obiierv  lUion  indicated.  He  remarked,  also, 
llait  tbd  existence  of  facula^  is  incompatible  with  the  mobility  of  a  tiuid  or 
laaWtance;  for  these  luminous  ridges  sometimes  continue  to  main- 
Mn  themselves  for  several  days  at  a  considerable  elevation  above  the 
vrj  lerel  of  the  solar  surface.  In  order  to  account  for  the  various 
l^ifftrancea  of  the  spots,  he  supposed  tbe  sun  to  he  surrounded  by  a  tran^ 
iptrent  atmosphere,  in  which  are  suspended  two  distinct  strata  of  clouds 
V.  ditTereiit  elevations.  The  upper  stratum  is  composed  of  self  luminous 
iflouds.  which  constitute  tbe  source  of  the  solar  light.  The  lower  stratum 
Is  OMDpoeed  of  opaque  clouds,  which  shine  only  by  tbe  reflexion  of  the 
loiinDOas  re^gions  above  them.  Tbey  are  deuominated  by  Herschel  the 
(klnetarr  clouds,  on  account  of  their  supposed  resemblance  to  the  clouds 
irf lh«  terrestrial  atmosphere.  The  solid  nucleus  of  the  sun  is  effectually 
pArtected  from  tbe  inteuse  light  of  the  luminous  regions  by  the  inter' 
position  of  the  planetary  clouds.  When  corresponding  apertures  are 
foniicd  itt  both  strata  of  clouds,  the  dwk  body  of  the  sun  is  perceptible 
through  them,  and  gives  rise  to  the  ttp[>eftrauce  of  a  spot.  If  the  apertures 
b»  of  equal  magnitude,  the  substratum  will  present  an  appearance  of 
nmform  blacknesii,  and  will  therefore  indicate  a  nucleus  without  a  peuum< 
bm.  If  the  aperture  in  the  upper  stratum  be  wider  than  that  in  the 
lower,  a  portion  of  the  latter  will  be  seen  surrounding  tbe  dark  body  of 
tho  luu:  but  as  it  shines  only  by  reflexion,  it  will  exhibit  a  fainter  lustre 
Jiauathe  luminous  regions,  and  therefore  the  appearance  in  this  case  will 

llliai  of  a  oucleus  surrounded  by  a  penumbra.  If  tlicre  be  no  aperture 
the  ttnttim  of  the  planetary  clouds,  the  appearance  will  manifestly  be 
luLt  of  a  penumbra  without  a  nucleus.     In  order  to  account  for  the  for- 
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mation  of  the  spots,  Herschel  sut>po$ed  &  liJghly  elastic  gas  Ui  H 
generated  in  the  solid  body  of  ibe  suu.  Tliis  gaseous  substance  a^oendtift 
virtue  of  its  iuferior  specific  gravity  rclatiTe  to  the  solar  atmospheif, 
forcing  a  passage  through  LK}th  strata  of  cloodia,  and  exposing  to  the  «jt  of 
an  obaen'er  the  dark  body  of  the  sun.  When  it  reaches  ibe  luminoo* 
regions,  it  enters  into  combination  with  other  gases,  wheoee  result  deeon- 
positions  which  give  rise  to  faculEBt  and  cause  the  solar  surface  generaJlj 
to  assume  a  mottled  appearance, 

it  is  scarcely  necessary  to  state  that  any  theory  which  involves  thd 
agency  of  a  principle,  of  whose  existence  we  have  no  positive  proof,  caoffOt 
he  recognised  as  forming  a  part  of  the  general  body  of  science,  Tli<f 
hypothesis  of  an  elastic  gas  to  whose  energy  the  formation  of  the  solw 
spots  tA  mainly  ascribed  in  the  foregoing  explauatioa,  may  or  may  nut  U 
tnie ;  but  in  the  present  state  of  our  knowledge  it  can  only  he  regarded  sa  on 
urbitrary  assumption,  wbidi  possesses  no  stronger  claims  to  our  acceptaiio* 
than  many  other  simihir  hypotbeses  that  might  be  adduced. 

It  is  ueeessary,  therefore,  to  draw  a  broad  line  of  distinction  betweeoli* 
purely  speculative  views  of  Sir  William  Herschel  on  this  subject,  and  tlw 
important  conclusions  to  which  he  has  been  conducted  by  reasoning  ib™ 
established  f«,cls.  Indeed,  it  is  quite  clear  that  the  illustrious  aatroaowef 
himself  did  not  attach  any  value  to  his  hypothesis  of  the  generation  of  the 
spots,  beyond  what  it  possessed  as  a  convenient  medium  of  connecting  ti>- 
gcther  the  various  results  at  which  he  had  arrived  in  the  course  of  hi" 
more  rigorous  researches  *.  The  latter  were  pursued  in  the  true  spirit  »f 
inductive  investigation,  and  the  results  constitute  a  valuable  contributioo 
to  our  knowledge  respecting  the  interesting  subject  to  which  they  rtjf«r. 
The  facta  upon  which  be  has  established  the  existence  of  two  distinct  stml* 
of  clouds  in  the  solar  atmosphere  were  exhibited  by  him  in  n  very  clear 
light;  and  the  reasoning  by  which  he  fortifies  that  conclusion  appears  W 
be  quite  unexceptionable.  This  step  had  the  effect  of  conductmg  hitnt* 
an  explanation  of  the  penumbra  of  the  solar  spots — phenomena  wliirh  «1l 
preceding  astronomers  had  signally  failed  to  render  a  satisjkctot^  ac- 
count of, 

The  geometrical  relation  of  the  nuclei  of  the  solar  spots  with  Tespectt* 
the  luminous  surface,  was  fii-st  pointed  out  by  Wilson.  For  a  aimiltr 
explanation  of  the  penutnbrce,  astronomy  is  indebt^ed  to  Herscheb  With 
respect  to  the  foculn',  the  just  surmises  of  Wilson  and  Bode  weie 
fully  established  by  Herschel,  on  facts  derived  from  accurate  obsen'ft- 
tion.  A  consistent  view  of  the  solar  spots  wiw  llms  obtained  by  «  stricl 
process  of  inductive  reasouing.  It  still  remained  to  render  a  legitimiiit 
uccouut.  of  the  origin  of  these  phenomena,  hy  referring  them 
operation  of  some  really  existing  physical  cause.  Some  interesting 
culations  designed  to  accomplish  this  object  appear  in  Sir  John  Hei 
recent  work,  coutaining  the  results  of  his  observations  at  the 
Good  Hope.  That  distinguished  philosopher  justly  remarks  that,  what^ 
ever  he  the  cause  of  the  spi>t8,  it  is  very  evident  that  these  phenomeM. 

*  In  cohflrmatlan  of  this  rfniartc,  th^  foMowing  pojaagetk  Ruy  be  cited  from  tlie  pspov 
flf  1 795  and  1801.  "  Thty  (the  Suinmous  clouds Vif  (he  sun)  plainly  exiit,  becauM  wewfr 
(hem  ;  tlie  mani)t!r  nf  their  b«hi|^  generated  may  r«[nai«i  an  n^polMSM,  And  mioA,  dlf  a 
twtter  eat}  be  j>ro|Wseit,  miy  ilantJ  gond  ;  but  whether  it  dix^s  or  nott  the  c»nMmiiciiee«  | 
ant  lining  tu  draw  fram  whAt  has  been  sjiid.  will  not  be  afieaed  by  it." — Phil.  7f«uL, 
1795,  p.  61.  ^*  I  am,  howeviT,  well  prepared  to  distinguish  between  &ct»  ob»erti^d,  knd 
the  CDTifequences  thai  In  rp^^sonin^  upon  tliQiq  we  ma.y  draw  from  tbem  ;  and  it  wH!  be 
amy  tg  Kpantu  llicui,  if  that  jJiouId  be  hereaAer  re({[uired."^.J'/ii£  Trant.,  1801,  p.  3031 
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tn  Intimate  connexion  with  the  rotation  of  the  sun  aboat  hifi  axis. 
The  r^tttarkahle  fact  of  theif  abaence  from  the  polar  regions,  and  their 
coD&ieiiiieiii  to  two  zones,  extendJug  to  about  35°  on  eitch  side  of  th« 
efWUidr,  with  an  intermediate  equatorial  belt  in  which  tbej  are  mortt 
mvlj  perceived,  appears  to  him  to  afford  an  indubitable  indication  that 
1V7  derive  their  existence  from  circulating  movemetita  in  the  atpjosphenc 
iqid  whieh  encoininsaes  the  snn,  depending  on  the  rotation  of  that  body 
tUmt  its  asis,  bj  a  relation  similar  to  that  ivbich  connects  ih«  sjstem  of 
tenrestrml  trade  and  anti-trade  winds  with  the  earth's  rotation.  Now  if 
aaj  e»a9^  t^n  he  assigned  which  is  CApahle  of  creating  a  circulatiim  of  the 
■tmospheric  flaid  between  the  equator  and  tlie  poles,  the  effect  of  the 
■m'a  rotation  will  be  to  modify  the  currents  so  produced — as  the  trade 
trriodi  and  monsoons  on  the  surface  of  the  earth  are  modified — and  to  di»- 

al]  the  meteorological  pbenomena  which  accompany  them  as  their 
manifestations  into  two  zones  parallel  to  the  equator,  with  a  calm 

trial  zone  inter]^>osed.     Tlie  question  then  arises,  where  are  we  to 
rer  the  exciting  cau^e  of  auch  circulations  in  the  fluids  of  the  solar 

_  lere?  With  reference  to  this  point,  Sir  J.  Herschel  remarks 
tbftt  tha  inde  winds  are  occasioned  by  the  unequal  effects  of  tbe 
«okr  rays  in  heating  tlie  equatorial  and  polar  regions  of  the  ter- 
restrial atmo&pbere ;  bat,  as  no  such  external  cause  exists  in  the 
jmaent  case,  we  are  neceasarily  led  to  look  for  the  source  of  circulation  in 
the  economy  of  the  snn  itself.  He  then  proceeds  lo  state  that  if  there  can 
l*  ttssigaed  any  physical  difference  in  the  constitutions  of  the  equatorial 
■nd  polar  regions  of  tbe  sun,  which  tends  t^o  repress  the  escape  of  heat  in 
fke  ooe  ai  these  regions,  and  to  favour  it  in  tlie  other,  the  effect  will  be  the 
HB0  m  if  these  regions  were  unequally  heated  and  all  the  phenotnena  of 
kad«  winds  mulatis  mutandii  must  aiiae.  Before  proceeding  to  a  further 
OfioittioD  of  his  views,  he  takes  this  occasion  to  remark  that  tbe  exist- 
COtt  of  a  solar  atmosphere  cannot  admit  of  any  doubt.  He  adduces 
■1  nppo(rt  of  his  assertion  tbe  deficiency  of  light  exhibited  by  the  border 
d  the  solar  disk,  whether  when  viewed  through  coloured  glasses,  or  hf 
projecting  its  image  on  while  paper.  But  a  phenomenon  which  appears 
t»  htm  u>  establish  still  more  conclusively  the  exij^tence  of  such  an  atmo- 
ipbere,  is  that  which  was  witnessed  during  the  total  eclipse  of  the  sun  which 
•ceBrred  on  the  6th  of  July,  1842*.  On  that  occasion  there  appeared 
dat«  Foee-coloured  protuberances  of  immense  size  projecting  from  the 
4iA  timh  of  the  moon,  which  could  not  have  been  any  other  than  olouds 
loutog  in,  and  sustained  by,  a  transparent  atmosphere  enveloping  the 
■U.  To  what  distance  from  the  suri'ace  of  that  body  this  atmosphere 
tti^  e^end.  it  is  difBcuH  to  ascertain  with  precision ;  bat,  from  the  de< 
lifcoCT  of  light  exhibited  hy  tbe  exterior  part  of  the  disk  being  gradual, 
■id  abo  perteptible  at  &ome  distance  within  tbe  margin,  he  ia  induced  to 
*9pow  that  it  must  be  considerable,  not  merely  in  absolute  measure,  but 
•iM  i$tifUQt  p4trt  0/  tkti  tun'n  raditig.  Admitting,  then,  tbe  existence  of 
ach  an  atmosphere,  tbe  laws  of  equilibrium  will  cause  it  to  assume  the 
igwe  of  an  oblate  spheroid,  and  the  gaseous  envelope  so  formed  being 
tbieker  round  the  equator  than  at  the  poles,  a  different  obatacte  will  be 
^MMd  to  the  escape  of  beat  from  the  equatorial  atid  tbe  polar  regions  of 
w  aun.  Tbe  manifest  result  mil  be,  that  an  habitual  difference  of  tern* 
ftcitat^  MfWl  ppeTAil  in  the  two  reg^otis. 

*  For  intiiieitiBg  aeeotititB  of  this  eclipse,  dnwn  up  fVom    pemmal  oli^rratroo, : 
mmbj  Bfeilj  oitd  Airy,  in  vol.  xt.  of  the  "MemoLrtof  the  Astronomicmi  Sodely." 
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"The  spoUf  in  tliis  view  of  tlie  sabjcct,"  sajs  the  illustrious  astronomer 
referred  to,  **  would  come  to  be  assimilated  to  lho»e  regions  on  the  earth's 

Biirfaoe  in  which,  for  the  moment,  hurricanea  and  torimdoea  prevail — llu 
upper  atratuiB  being  temporarilj  carried  downwards,  displacing  by  its  iift> 
petus  the  two  strata  of  luminous  matter  beneath  (which  may  be  oonceiti 
forming  an  habitually  trauq^ail  Limit  between  the  opposite  upper  and 
currents!,  the  upper,  of  course,  to  a  greater  extent  than  the  lower, 
thus  wholly  or  partially  denuding  the  opaque  surface  of  the  san 
Such  processes  cannot  be  uniiccompanied  with  vorticose  motions,  wbicb, 
left  to  themaelves,  die  away  by  degrees  ani  dissipate,  with  this  peculijuitf, 
that  their  lower  portions  come  to  rest  mote  speedily  than  tlieir  upper,  ij 
reason  of  the  greater  resistance  below,  a^  well  as  the  remotaneda  &om  dM 
point  of  action,  which  lies  in  a  higher  region,  so  that  their  centre  {ta  ten 
in  our  water-spouts,  which  are  nothing  but  emo))  tornadoes)  appears  U 
retreat  upwards.  Now,  this  agrees  perfectly  well  with  what  is  obsemwi 
during  the  obliteration  of  the  solar  spots,  which  appear  as  if  Mled  in  bf 
the  collapse  of  their  sides,  the  penumbra  closing  in  upoD  the  spot  and  di^ 
appearing  after  it."'*' 

The  views  contained  la  the  foregoing  passage  are  eminently  wotihj 
of  attention.     It  is  remarkable  tliat  no  preceding  astronomer  attempted  to 
estabiish  a  connexion  between  the  origin  of  the  solar  spots  and  the  rotalion 
of  the  aun  on  his  tutia,  although  the  intimate  relation  which  appeared  i* 
Bubaisl  between  the  situation  of  the  spots  and  the  so^ar  equator,  pointed  out 
very  unsijui vocally  the  mutual  dependence  of  the  two  phenomena,   dt 
Wilson,  in  a  papar  already  cited,  alludes  to  the  invariable  appearance  of  tbft 
epota  in  the  regions  near  the  solar  equator,  as  a  remarkable  fact  of  vluoil 
he  was  unable  to  offer  any  explanation  |.     It  is  curious,  however,  to  find 
among  a  series  of  conjectures  thrown  out  by  him  respecting  the  origin  of 
these  phenomena,  an  idea  analogous  to  that  propounded  in  the  above  pa3G«|6t' 
Hifl  Elusion  to  their  possible  generation  by  means  of  whirlpools  in  iJm 
solar  atmosphere,  commencing  from  the  surface,  in  common  with  his  other 
conjectures   on   the  subject,   shews  that  he  possessed  no  incomddeiAbla 
fibare  of  the  imaginative  faculty  which  is  so  necessary  in  all  physical  apeca- 
lations;  but,  whatever  degree  of  truth  may  eventually  turn  out  to  be  in* 
Yolved  in  this  surmise,  he  cannot  be  entitled  to  any  credit  on  its  aceotml, 
since  he  was  unable  to  discover  any  physical  connexion  between  it  and  the 
subject  of  iuvesligfltion.     The  explanation  proposed  by  Sir  John  Herbchil 
IB  valuable,  inasmuch  as  it  exhibits  the  solar  spots  in  the  character  of  dy- 
namical  conaaquences  flowing  from  the  operation  of  established  principlM 
in  physici.     It  is  on©  of  those  conceptions  of  genius  which,  being  formed  by 
a  comprehensive  and  luminous  view  of  the  mutual  relations  of  facts  accoratiely 
observed,  rather  than  suddenly  suggested  by  the  sallies  of  a  lively  bat 
wayward  imagination,  is  found  not  unfrequcntly  to  constitute  the  germ  of 
a  theory  of  indisputable  rigour.     Tiie  distinguishing  character  of  all  thos« 
speculations  in  science  which  have  /ae(*  for  their  basis  consists  in  their 
tendency  to  promote  further  research.     By  a  comparison  of  their  results 
with  those  deduced  from  actual  observation,  the  fundamental  principles 
are  modified,  and  a  further  advance  is  made  towards  a  true  explanation  ot 
the  phenomena  which  form  the  groundwork  of  inquiry.     In  the  prtiMfit 
instance,  the  question  whether  the  spots  recur  periodically  in  the  sama 
precise  localities  of  the  solar  regions,  acquirea  additional  interest  from  the 

*  Results  of  AstranoioicjiL  Obtcrv(ktions  «t  the  Cape  of  Good  l^ope,  p.  4S4. 
+  Phil.  TruiJi,.  1774.  f   See  p.  222. 
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of  their  origin  adTanced  in  the  foregoing  pcussAge,  and  eaggesta 
il^edbencj'  of  a  conlinued  pro&cculion  of  atteQtive  obserrutiaus  of  the 
ipMB.  By  these  meatia  it  is  to  be  hoped  that  some  light  will  be  thruwri 
qm  the  real  nature  of  tliese  mjaterioua  but  singuLtrly  interesting  pbeno> 
Mg»,  which,  in  iia  turn,  will  lead  to  a  more  accurate  knowledge  of  the 
fiipaeiJ  consdtution  of  the  sun. 

W»  iMiTe  mentioned  that  Sir  WilU&ni  Herschel,  in  his  theory  of  the 
idkr  spBtAt  supposes  the  solid  nucleus  of  the  suu  to  be  effectuallj 
Kceened  from  the  luminous  clouds  of  the  superior  regions  bj  the  interpo- 
Mux  o(  the  planetary  clouds  which  possess  the  property  of  refleotiug  the 
9JS  that  fall  apon  them.  That  the  clouds  of  the  lower  regions  shtne  only  by 
nfifction,  he  infers  from  their  c«iustantly  exhibiting  a  faint  and  uniform 
lolotir:  and  that  they  form  a  coiitimtim»  envelope  round  the  nucleus  of  the 
ion,  app«ur^  to  him  equally  mauifest  from  his  being  enabled,  by  means  of 
^  powerful  telescopes,  to  discover  them  through  the  minute  fiasure«  by 
*lii^  everj  part  of  the  luminous  surface  of  the  sun  is  intersected  *,  Ho 
coasiderB,  therefore,  that,  notwithstanding  the  circumstance  of  the  Inmi* 
torn  stmosphere  of  the  sun  being  the  source  from  which  light  and  heat 
tme  di^tenaed  in  all  directions,  the  aoUd  nucleus  of  thftt  body  tmy  be  con- 
Mnt]^  maintained  at  a  moderate  temperature.  Proceeding  upon  this  new 
ol  tli«  ph jmcal  constitution  of  the  sun,  be  (^mea  to  the  conclusion  tlmt  the 
^Mtnl  body  of  the  planetary  system  i^  eminently  fitted  to  be  the  abode  of 
oiattted  beings,  aud  that  in  fact  it  offers  the  escampleof  a  magnificent  self- 
huninous  plane-t.  Thi^  opinion  has  been  ably  controverted  by  one  of  the 
Baoel  illustrious  philosophers  of  the  present  age.^ — ■"  It  is  indeed  inoon- 
ctivable,"  says  Sir  David  Brewater,  "  that  lutniuous  clouds,  yielding  to 
erery  impulse,  and  in  a  state  of  perpetual  change,  could  be  the  depository 
of  that  devouring  flame,  and  that  insupportable  blaze  of  light,  which  are 
ntntted  by  the  sun ;  and  it  is  still  more  inconceivable  that  the  feeble 
harrier  of  planetary  clouds  eould  shield  the  subjacent  mass  from  the  de- 
■tmetiTe  elements  that  raged  above."  According  to  the  opinion  of  the 
tainent  authority  just  quoted,  the  heat  and  light  of  the  sun  derive  their 
ofigii)  from  two  distinct  sources.  The  luminous  raya  are  emitted  from  the 
pboflphoresceot  mantle  which  constitutea  the  exterior  envelope  of  the  sun, 
while  tho  ealorifie  raya  proceed  wholly  from  the  opaque  nucleus.  Our 
litnits  will  not  allow  us  to  notice  the  ingenious  arguments  which  the  author 
of  this  explanation  adduces  in  its  support  f.  Unfortunately  our  know- 
led^  of  the  nature  of  both  beat  and  light  is  &o  obscure,  that  every  attempt 
bimerui  made  to  form  an  hypothesis  respecting  the  physical  constitution 
of  the  snn,  appears  to  be  beset  with  insuperable  difficulties. 

It  iM.  remarkable  that,  at  so  recent  a  period  as  that  of  the  discovery  of 
ffkt  solar  spots,  aatronomers  were   unacquainted    with    any  metltod   bj 
the  sun  might  be  viewed  without  injury  to    the  eyes.     Appian, 
iisCroaomer  of  the  fifteenth  century,  had  indeed  pointed  out  the  utility 
iT«d  glasses  for  this  purpose,  but  the  hint  appear*  to  have  been 
loet  sight  of  by  his  successors.      Fabricius  observed  the  solar 
either  by  introducing  the  suns  rays  through  a  small  aperture  into 
i  room,  add  projecting  his  image  on  a  piece  of  white  paper,  or  by 
tiewiog  him  directly  through  thin  clouds  and  vapours  when  he  waa  near 
the  barizon.     He  recommends  all  those  tvho  purpose  mnking  direct  obser- 
TitionB  of  the  spots  to  admit  to  the  eye  at  first  only  a  small  portion  of  the 
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Bolar  light,  and  to  increase  the  quantity  gradufllly ,  until  tbe  visual  organ 
becomes  m  habituated  to  tha  effulgence  of  the  light  afl  to  be  lapebk  of 
Tiewing  with  impunity  the  whole  of  the  solar  disk.  GalUeo  was  equally 
ignorant  of  any  method  of  observing  the  sun  except  thai  which  cousittenl 
in  taking  advantage  of  his  hgrizontal  position  when  rising  or  setting.  Id 
a  postscript  added  to  his  second  letter  to  Welser*  he  alludes  to  an  immeiiM 
spot  which  appeared  on  the  centre  of  the  sun's  disk,  and  which  b«,  as 
tpell  m  many  others  to  whom  he  shewed  it,  waa  enabled  to  perceire  with 
the  naked  eye  at  atnafty  on  the  10th,  20th,  aud  ^^Istof  August,  161;^*- 
Scheiner  appears  to  have  been  the  fiist  obsen'er  who  reduced  into 
practice  the  method  suggested  by  Appian.  In  a  dissertation  on  the  lolir 
spots,  which  he  published  iu  1012,  he  remarka  that  the  sun  wMf  to 
Tie  wed  at  any  altitude  by  placing  before  the  telescope  a  piece  of  gta»,  of 
a  green  or  azure  colour.  He  adds  that  this  is  the  method  practised  Ijthe 
Dutch  mariDers.  when  they  wish  to  determine  the  altitude  of  the  sun.  A 
decided  improvement  of  this  method  was  first  indicated  by  Tard«> 
French  ma  II,  who  pnbUtiUed  a  work  on  the  solar  spots  in  1(320.  He  si 
that  when  he  observed  the  spots  he  placed  a  thick  piece  of  blue  or  gre^ 
glfias  betrifeen  kit  sy«  and  the  eye-^lats  of  the  telescope.  By  placing  tlu 
coloured  glass  in  this  position,  the  indistinctness  of  the  image  arising  jfdib 
impurities  in  the  structure  of  the  glass,  or  an  imperfect  parallelism  ot  ii8 
surfaces,  was  in  a  great  degree  removed. 

The  theory  of  the  moon  s  motion  is  a  subject  of  Mi  much  imporlanu, 
that  the  attention  of  astronomers  is  constantly  directed  to  its  improve tn«nt' 
We  have  already  alluded  to  a  method  assigned  by  the  theory  of  graTitBtioo 
for  determining  the  distanco  of  the  mood  from  the  earth.  By  me»D3  of 
the  formuliB  of  Laplace,  Burcbardt  (assuming  tbe  moon's  mass  to  be 
of  the  earth's)  found  tiiat  the  constant  part  of  the  lunar  parallax  undef 
equator  amounted  to  &7^  u'^  Damoiseau  determined  the  moon's  mUB 
be  y^,  the  mass  oi  the  earth  being  represented  by  unity,  and  hence  ^ 
rived  57'  0"-9  for  the  eoostant  of  parallax.  Plana  makes  the  mass  ^. 
and  hence  computes  the  parallax  under  the  equator  to  be  6T'  d"*l. 

A  more  obvious  method  of  ascertaining  the  horizontal  parallax  of  the 
moon  is  founded  upon  a  comparison  of  her  apparent  positions  as  deier^ 
mined  simultaneously  at  diA'erent  places  on  the  surface  of  the  earth.    Due 
of  the  principal  objects  of  Lacaille's  Yoyago  to  the  Cape  of  Good  Hope 
waa  to  make  observations  of  the  moon  for  this  purpose-     By  oompunng 
his  results  with  simultaneous  ohserrations   made  at  different  plaicea  in 
Europe,  and  assuming  the  elliptidty  of  the  earth  to  be  -^^g,  be  obtained 
57'  13"' 1  for  the  constant  part  of  the  moon's  equatorial  parallax.    Thia 
is  equivalent  to  a  parallax  of  57'  4"'-6,  if  tbe  ellipticity  bo  supposed  equal 
to  7  A  a-     Lalande,  by  comparing  Lacai  lie's   observations  at  the  Gape  of 
Good  Hope  with  simultaneous  observations  made  by  himself  at  Berlin, 
fixed  it  at  57'  3"*7.     Biirg  determined  it  to  be  67'  1"  by  a  similar  cmor 
parison  of  Lacaille's  observatioDs  with  corresponding  observations  made 
at  Greenwich.      Henderson,  during  hii^  residence  at  the  Cape  of  Good 
Hope  in  the  years  1832  o^id  1833,  determined  a  great  number  of  decli- 
nations of  the  moon,  with  the  view  of  arriving  at  a  more  accurate  value  of 
this  element.  By  a  compaiison  of  his  own  observations  with  others,  made 
simultaneously  at  Greenwich  and  Cambridge,  he  obtained  57"  l"-8  for  iho 
constant  of  the  equatorial  parallax f.   This  givea  j-jf.-^  for  tbe  value  of  Uw 

*   IstDria  ct  Dimoitraztonc  mtoma  alle  Macvbie  Sulin,  p.  56. 
f  Mem.  Alt.  Soc.,fo1.  e.,  p.  1294. 
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iV  mass.  Mr.  Airy,  bj  a  discussion  of  the  totality  of  the  Greeuwich 
d— nratioas.  instituted  subsequentlj  to  their  recent  reduction  upon  a  uni- 
haa  plcn,  has  detenoined  th«  constant  part  of  the  equatorial  parallax  to 
be  ft?  €**'9i.  This  value,  considering  the  broad  basis  upon  which  it  rests, 
Ji  iikOf«  «iit]ddd  to  confidence  than  any  other  \vbich  astrodome  is  have 
IndiferW  Amred  at. 

Id  eoQseqtieoeei  of  lier  prmjmitj  to  the  earth,  the  phjstcal  consti- 
litktn  of  iiie  moon  offers  to  ^tronomera  a  more  favoumble  sobject  of  re- 
IMnlt  tJian  that  of  any  of  the  other  celestial  bodies.  GaUleo's  diacoverj, 
Ait  her  smface  is  dirersified  with  mountains  and  valleTs,  Hke  the  sur- 
h»  Dt  llie  eftrtb,  waa  one  of  the  many  signal  triumphs  which  that 
flhrtliona  philosopher  achieved  in  favour  of  the  Copemican  system  of 
lb*  world.  He  concluded,  from  his  observations,  that  the  mountains  of 
ibm  moon  are  much  higher  than  those  of  the  earth,  when  the  relative 
Mi|{iiiliid<  II  of  the  two  bodies  are  lahen  into  account.  Many  of  them, 
Mnmifig  to  his  estimation,  attain  an  elevation  of  four  or  five  miles 
ike  ftorrouiiding  plains.  UeveliuSr  Ricctoti,  and  more  recently 
r»  were  conducted  by  their  respective  observations  to  similar  eon- 
Sir  "William  Herschel  did  uo^t  discover  any  grounds  for  ascrib- 
ing nek  an  enormous  height  to  the  lunar  mountains.  He  inferred,  from 
faa  obeerrKtions,  that  with  a  few  exceptions  they  did  not  exceed  half  a 
nik  ia  height.  This  conclusioin  is  undoubtedly  more  consistent  mth 
adogf  thAo  thai  which  assigns  a  higher  elevation.  It  must  be  admitted, 
thftt  the  recent  researches  of  MM.  Beer  and  Madler,  on  this 
go  to  support  the  remarkable  resiilta  of  Schroeter  and  the  more 
It  obaerrera.  These  astronomers  have  determined  the  heights  of 
lots  lonftr  mouDtaind,  principally  by  means^  of  micrometrical  measures  of 
iba  lengths  of  their  shadows,  and  have  found  several  of  them  to  att&iu  an 
deratkiti  of  four  miles  above  the  neighbouring  plains  *. 

The  numerous  spots  which  appear  on  the  surface  of  the  moon  when 
^WM)d  with  the  telescope,  besides  being  calculated  to  throw  light  on  the 
|bnioAt  coastitution  of  that  body,  are  of  some  utility  in  observations  of 
Mupses,  and  on  this  account  several  astronomers  have  devoted  conside- 
mU$  attention  to  a  careful  delineation  of  their  relative  positions.  Charts 
d  tlie  telescopic  appearance  of  the  moon  were  first  executed  by  Scheiner, 
boi  lA&gT'eDas,  Cosmographer  of  the  King  of  Spain,  was  the  first  person 
ihiMe^  Imboars  on  this  subject  deserve  notice.  He  constructed,  and  even 
WmHj  eigraved,  thirty  maps  of  different  portions  of  the  lunar  surface, 
fccniiwl  ta  obs«rvatioTis  made  by  himself  with  a  large  telescope,  at  Madrid 
ttd  Bresaels.  It  was  be  who  introduced  the  practice  of  naming  the  dif< 
kamt  spots  after  mathematidans,  philosophers,  and  other  eminent  men, 
Httdsiui  about  the  s^me  time  devoted  four  years  to  assidaous  observa- 
lioai  of  the  lunar  »pots  and  delineations  of  their  various  configurations. 
Btf^^MAad  the  nomenclature  of  Langrenns,  and  named  the  spots  after 
iWaiaite.  seas,  islands,  and  other  objects  on  the  earth's  surface  to  which 
bl  onioitved  they  bore  a  resemblance.  Eiccioti  was  the  next  uatronomer 
vba  ccBHyttCt^  charts  of  the  lunar  surface.  He  restored  the  principle  of 
flMieiiulatmre  adopted  by  Laugrenus,  hut,  instead  of  distinguishing  the 


Tlie  idllowiiw  are  the  elevalkitit  of  a  tevr  of  the  priDcipol  lunar  moun Initio,  u  deter^ 
I  bjr  MM.  ^r  arid  Miidbr :  - Dorfcl.  23,174  feet;  Newtoo,  22,141  Tcet;  Cb*< 
aiKft  feel;  Curtius.  -20.632  feet;    Caliippm,  18.946  fwt ;  Tjclio.  ia748  fecL 


B       A  alb  OMAiiia  9980  feet.     The  four  hiirli(st  of  tiiPi><>  niouiifaiiit,  thi'ref«r<>.  Sliahi  wve^ 
^^J^tm  «(miko  of  d»ut  feur  miles.     The  other  two  are  about  half  n  cnltt'  lower. 
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spots  by  the  oames  of  great  men  iDdiscriminately,  he  emplfijred  for  thia 
purpose  ODly  the  tiatnes  of  etninedt  astronomera  of  ancient  and  modem 
times.  In  160^  Cass'mi  executed  a  chart  of  the  full  moon,  Theposiiimn 
of  the  spots  were  determined  hj-  laeana  of  bis  own  observation*  of  eclipaeB. 
Delineations  of  the  moon'^  appearance  have  also  been  executed  by  Schroetff, 
Lobrmann,  and  other  observei-s.  The  most  recent  work  of  this  kind  i«th« 
elaborate  representation  of  the  lunar  surface  by  MM.  Beer  and  Madler, 

The  question  whether  the  moon  be  surrounded  by  an  atmosphere.  \m 
been  much  discussed  by  astronomers.  Varijus  pbenoraena  are  capitile 
of  indicutiug  such  an  atmosphere,  but,  generally  speaking,  they  are  foand 
to  be  unfavourable  to  its  existence,  or  at  all  events  they  lead  to  the  con- 
clusion that  it  must  be  very  inconsiderable.  From  the  uniform  appew- 
ance  presented  by  the  lunar  spots,  wheu  viewed  from  time  to  time  wi<h  tlw 
telescope,  it  is  reasonably  supposed  that  they  are  not  liable  to  be  occkud- 
ally  obscured  by  the  interpoi^ition  of  dense  clouds  l>etween  them  mi  tlU 
earth,  like  tht:  different  portions  of  the  earths  surface  ;  end  on  this  ground 
it  has  been  maintained  that  the  moon  cannot  be  encompassed  by  a  ginapm 
fluid,  analogous  in  its  properties  to  that  which  encompasses  thtt  evtZi. 
Heveliuft  indeed,  who  devoted  many  years  to  assiduous  observatioss  d 
the  moon's  surface,  has  remarked  that  the  spots  sometimes  appeared 
less  bright  and  less  regularly  defined  than  tbey  usually  were,  even 
the  air  was  &o  clear  as  to  allow  stars  of  the  siiih  and  seventh  magnii 
to  be  distinctly  visible  *.  His  assertion,  however,  has  not  been  borne  «^ 
by  the  more  searching  observations  of  succeeding  astronomers,  and  tiera- 
fore  it  is  not  entitled  to  tmy  weight  in  discussing  so  delicate  a  point  as  the 
existence  of  a  luuar  atmosphere. 

The  occultationa  of  stars  by  the  moon  have  hitherto  afforded  oalf 
very   slight  indications  of  an    elastic  fluid  enveloping   the  lunar  tnif' 
face.     If  Buch  a  fluid  really  exists,  it  manifegitly  follows  that,  whea  tin 
moon  approaches  within  a  very  small  distance  of  a  star  previous  to  cccnll- 
ing  it,  tho  star  ought  to  exhibit  a  sensible  cbaage  of  colour  and  diminu- 
tion of  lustre,  in  consequence  of  the  rays  proceeding  from  jt  to  the  eye«f 
the  observer  being  partially  absorbed  in  the  course  of  their  passage  through 
the  lunar  atmosphsre.     Observation  is,  generally  speaking,  at  variiiM    • 
with  this  conclusion,  the  star  being  found,  in  most  cases,  to  retain  l|^l| 
ordinary  colour  and  brigblnes!?  until  it  actually  arrives  at  the  mc^Ml^l 
limb.     There  is  not  wanting  high  authority,  however,  in  support  of  nn 
occasional  obscuration  of  the  light  of  the  star.     On  the  27Lh  Mtrch, 
1811.  M.  Arago  witnessed  at  the  Koyal  Observatory  of  Paris,  the  occult*- 
tion  of  a  small  star  in  the  constellation   Taurus.     The   star,  as  long 
as  it  continued  to  ba  visible,  retained  its  usual  colour,  but  it  exhibited  a 
very  sensible  diminution  of  brightness  during  a  short  time  previous  to  its 
immersion.    The  oocultation  took  place  at  the  dark  limb  of  the  moon,  which 
was  only  four  days  old.     The  dimness  of  the  star  could,  therefore,  hardly 
be  ascribed  to  the  overpowering  glare  of  the  moon's  light.     On  a  subse- 
quent occasion  the  same  eminent  astronomer  perceived  that  the  atar  4ti 
Libr^  commenced  to  diminish  in  lustre  three  or  four  seconds  previous  lo 
its  immersion.     Similar  instances  of  obscuration  have  also  been  oecaslon- 
ally  observed  by  other  astronomers,  but  as  the  phenomenon  is  not  gene- 
ral   the  exist-ence  of  a  lunar  atmosphere  cannot   be  considered  to  be 
established  by  it.     There  is  another  phenomenon  attending  the  oceulta- 
tiona  of  stars,  analogous  to  that  alremly  mentioned,  which  has  been  found 
*  Cometograjdita,  p,  363. 
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aimrlAr  indications  of  a  liwar  atmosphere  ^thout  placing  the 
ion  of  its  existence  bejond  all  doubt.  When  Uie  star  cojnesi  up 
to  the  tnoon.  it  ia  observed  frequently  to  haag  on  the  margin  of  the 
dkk  for  «eYeral  seconds  prerious  to  its  dj^ppeaiunce.  An  effect  ana- 
hgaim  to  dus  would  luanifestlj  b*j  produced  hy  the  interposition  of  the 
iumer  atzata  of  the  taoon's  atmosphere  between  the  star  and  the  observer. 
Oe  the  occasion  of  the  firsE  of  the  two  observations  of  M.  Amgo,  above 
titled,  ibe  star  appeared  to  adhere  to  the  moon's  limb  for  the  apace  of  three 
or  fimr  seooods  after  it  was  perceived  to  be  in  contact  with  it.  This 
GnCTmfttaDce  coold  not  be  a&cribed  to  tlie  effect  of  irradiation,  since  the 
oocultatioii  tctok  place  at  the  dark  limb  of  the  niooUr  which  was  visible  bj 
means  of  tiie  luvii^e  cendrh,  or  rejected  light  of  the  earth.  I^amerous 
umilar  instances  of  the  stars  adherence  to  the  limb  of  the  moon  have 
b«en  recorded  bj  astronomers,  but,  as  in  the  case  of  a  diminution  of  lustre, 
the  phemomeDOD  is  not  general.  In  the  vast  ms^oritj  of  occoltalious  the 
cur  ootnas  ap  to  the  limb  of  the  moon,  and  then  disappears  instautaneouslj. 
Ili  oeeBsiooal  adherence  to  the  limb  cannot  be  admitted,  tlierefore,  to  af- 
ford an^  conduaive  proof  in  favour  of  a  lunar  atmosphere.  There  is  a  third 
QretiiBslaBoe  connected  with  the  phenomena  of  oa:ultationfi  which  is  cal- 
OiiMad  to  throw  light  upon  this  interesting  question.  It  is  manifest  that 
\i  die  moon  be  surrounded  by  an  atmosphere,  the  refractive  power  of  the 
ktter  would  caose  a  etar  to  be  visible  during  a  short  time  subsequent  to 
ill  immenioD.  and  also  during  an  equal  lapse  of  time  previous  to  \\» 
dBogence.  The  interval,  therefore,  vrhich  elapses  between  the  dianppear- 
Mioa  of  the  star  at  the  moon's  limb,  and  its  i»ub«equeut  re-appeorance  at 
the  opposite  limb,  ought  to  be  less  than  the  time  which  the  moon  takes  io 
Jwciibe  an  arc  equal  to  ber  apparent  diameter,  bj  twice  the  horizontal  re- 
frictimi  of  the  lunar  atmosphere.  When  the  interval,  however,  is  caliru- 
Itted  bj  means  of  the  theory  of  the  moon's  motion  and  her  apparent  dia- 
tD£ter.  corresponding  to  the  time  of  occultation,  the  result  is  found  to  ex- 
hilnt  an  exact  accordance  with  that  derived  from  direct  observation.  It 
&1II0W?,  therefore,  that  if  the  moon  reallj'  be  surrounded  bj  an  atmosphere, 
ltd  reftaetive  power  must  be  verj  inconsiderable. 

The  occultation  of  a  planet  by  the  moon  suggests  a  peculiar  mode  of 
tflstiiig  the  existence  of  a  lunar  atmosphere,  in  additiou  to  thoi^e 
dreadf  ^oded  U>,  which  are  also  applicable  to  the  fixed  stars.  When 
tlw  planet  baa  so  nearly  approached  the  moon  as  to  be  almost  in 
eoQtact  with  her  Umb,  the  rajs  iB^tiing  from  the  margin  of  its  dit^k  will 
■uifestly  undergo  difierent  degrees  of  refraction  in  the  course  of  their 
piMage  through  the  lunar  atmosphere,  and  an  apparent  distortion  of  its 
figore  will  lie  the  necessary  consequence.  Observation,  however,  does  not 
illbrd  any  indications  of  such  a  phenomenon.  Tn  1670  Cassini  and  La 
flirs  witnessed  an  occultation  of  Jupiter  by  the  moon,  and  tliey  found  thiit 
from  the  time  of  the  planets  approach  to  the  limb  until  its  complete  dis' 
■npcuiiiiK  I  it  did  not  exhibit  the  slightest  indication  of  a  change  of  figure*. 
Jnailar  pbenotnena  have  been  observed  by  modem  tustronomers,  but  on  no 
tion  has  any  distortion  of  the  roimd  appearance  of  the  planet  been 
actly  discernible. 

The  phenomena  of  solar  eclipses  have  also  been  employed  by  astrono- 

tTs  for  the  purpose  of  establishing  the  existence  of  a  lunar  atmosphere. 

"aen  the  dark  body  of  the  moon  is  projected  upon  the  luminous  disk  of 
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the  sun,  the  rays  of  light  proceediag  from  those  parts  of  the  Ban  which 
are  appar^titly  cootiguou^  to  the  lunar  disk,  mil  Decessarily  graze  the 
moon's  sur&ce,  and  if  a  lunar  atmosphere  exJUL^,  they  ought,  hj  the  in- 
flexion  vhidh  they  suffer  in  passing  through  it,  to  dbtort  the  riaible  poi^ 
tlon  of  the  solar  disk^  and  to  cause  the  phiise  of  the  eclipse  oorrespooaiag 
to  an  J  aS'Sigued.  iustaut  to  be  diSerent  from  what  it  would  he  according  to 
the  theories  of  the  solar  and  lunar  motions.  From  ohsen^tions  of  a  soUr 
eclipse  which  took  place  in  1748,  Euler  concluded  that  the  horizontal  r^* 
fraction  of  the  lunar  atmosphere  amounted  to  30"*.  His  researches, 
however,  were  incomplete,  inasmuch  as  he  took  no  account  of  the  effect  of 
irradiatioii,  which,  by  causing  an  apparent  enlargement  of  the  solar  disk, 
might  he  expected  to  exercise  a  perceptible  influence  on  the  phase  of  thfi 
eclipse.  Tlie  latter  is,  in  Iket,  toodihed  by  two  distinct  caoses,  which  art 
so  interwoven  in  their  operation,  that  it  is  impossible  to  invt^atigate  the  6f-, 
fects  of  the  one  witliout,  taking  simultaneous  cognizance  of  those  of  tJsB 
other.  In  order  to  ascertain  whether  the  phenomena  of  solar  ecUpso 
were  capable  of  affording  any  indications  of  a  lunar  atmosphere,  Du  S«- 
jour,  a  French  astronomer  of  the  last  century,  undertook  a  rigorous  invet'. 
dgation  of  the  subject,  founded  on  observatioiis  of  the  solar  cclipaa  ^ 
1764.  He  introduced  the  effects  of  irradiation  and  inflejcion  into  bis  re- 
searches in  the  shape  of  two  unknown  quantities,  and  then,  by  m^ana  of 
equations  of  condition,  whicJi  it  was  necessaiy  that  they  should  satisfy,  be 
determined  the  values  of  them  which  accorded  best  with  the  totality  of  the 
observations.  The  conclusion  at  which  he  finally  arrived  was,  that  the 
effect  of  irradiation  amounted  to  3",  and  that  the  inflexion  which  the  sotat 
rays  suffered  in  passing  through  the  lunar  atmosphere  amounted  to  an  equal 
quantity.  This  gives  I -"5  for  the  mean  horizontal  refmction  of  the  luair; 
atmosphere.  The  mean  refraction  of  the  terrestrial  atmosphere  at  itm 
horizon  amounts  to  S4',  a  quantity  which  is  1400  times  greater  tlian  l^'S. 
It  hence  follows  that  the  lunar  atmosphere  is  1400  times  rarer  than  com- 
mon atmospheric  air,  and  consiequently  it  exceeds  in  this  respect  the  most 
perfect  vacuum  which  has  been  hitherto  formed  by  means  of  the  air-pnmp%^ 
It  appears,  therefore,  from  the  phenomena  of  solar  eclipses,  that,  if  a  lunar 
atmosphere  really  exists,  it  is  quite  incousideiable  when  compared  with  lha> 
terrestrial  atmosphere. 

Auzout  first  remarked  that  the  moon  conld  not  he  $arronnded  by  an  ] 
atmosphere  without  possessing  also  a  twilight  f.     This  effect  ouglit  to 
manifest  itself  in  a  faint  light,  extending  to  a  short  distance  within  tho 
unenlightened  part  of  the  lunar  disk,  and  thereby  rendering  a  narrow  strip 
of  it  visible,  although  not  directly  illuminated  by  the  eolar  rays.     Astn> 
nomers  having  failed  to  discover  any  indications  of  such  a  pheuomenoii,  ic| 
was  concluded,  that  the  moon  could  not  be  encompassed  hj  a  tluid  capable 
of  diipersing  and  reflecting  the  sun's  rays.    The  appearance,  however,  wa« 
at  length  recognised  by  Schroeter,  who  was  enabled  to  deduce  from  it  tb« ! 
existence  of  an  atmosph<>^re  of  a  small  refractive  power  J.    When  the  mooifc 
exhibited  a  very  slender  crescent,  he  discovered  a  faint  crepuscular  Ughti  ex* 
tending  from  each  of  the  cuspa  along  the  einrum&renoe  of  the  unenlightenad 
part  of  the  disk.    Its  length  was  1'  2U",  and  its  greatest  breadth,  J*".    By 
means  of  these  data  he  found  that  the  height  of  the  lunar  atmosphere,  con- 
sidered in  so  for  as  it  was  capable  of  affecting  the  brightness  of  a  star,  or  cana- 

•  M^tn,  Acad.  BtTlin,  1748. 
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leiJQQ  of  tbe  rajs  of  lififht  proceeding  from  a  celesdal  body, 
176  leet.    An  atmosphere  of  such  a  height  would  form  a 

le  round  the  circumference  of  ibe  luuar  disk,  the  apparent  breadth  of 
would  amount  ouly  w  091".  The  moon  would  deBcrib©  this  ajt:  in 
tbaa  two  seconds  of  time.  This  circumstajice  has  been  adduced  hj 
sr  as  alTordiitg  a  sufficient  explanation  of  the  difficulty  of  detecting 
■ar  traces  of  a  lunar  atmosphere  iu  the  phenomena  of  occultations  and 
^dipaea. 

In  oonsequenee  of  the  intense  lustre  of  Mercuiy,  atid  its  constant  vicinity 
to  thd  8Utu  aatitiDomera  have  experienced  great  difficulty  in  arriving  at 
■aj  rdUable  results  respecting  its  physical  constitution.  According  to 
Sc^MSer  the  planet  is  surrounded  by  an  atmosphere  of  considerable  deui^Jty. 
Tkt  9mM  astronomer  concluded,  from  his  observations,  that  there  ex'mt 
fc^ltigh  mouisiains  on  its  surface.  It  would  appear,  from  the  results  at 
weh  he  nrrived,  that  the  mountains  of  this  platiet  are  much  loftier  than 
ibon  of  the  ]i)arth,  or  the  Moon,  the  relative  magnitudes  of  the  several 
hSm  being  taken  into  account.  He  estimated  the  height  of  Chiinboni7.o 
ll  SdOth  America  at  ^t^  of  the  Earth's  radius  ;  the  highest  mountains 
ol  |k0  Moon  at  y4t  of  the  lunar  radius  ;  and  those  of  Mercury  at  -Ag  ^f 
ilt  ndius.  He  also  found,  by  careful  ob^en-ations  of  the  pha^s  of  the 
ffcaet,  tlmt  it  revolves  about  an  axis  inclined  at  a  considerable  angle  to 
the  ecliptic.     He  determined  the  period  of  rotation  to  be  iii^  S""  30*. 

Since  Mercury  appears  to  have  a  rotatory  motion,  it  might  be  reasonably 
•Qipoaed  that  her  figure  would  not  be  that  of  an  exact  sphere.  Schroeter, 
•"Ti-Ter,  coald  not  discover  any  trace  of  ellipticity  in  the  appearance  of 
,  iiuiet.  The  observations  of  Sir  William  Herschel  conducted  him  to 
•  similar  conclusion.  That  illustrious  astronomer  observed  the  transit  of 
ih$  [d*nei  which  took  place  in  November,  1803,  but,  although  he  devoted 
emt  attention  to  the  appearance  of  the  disk,  he  was  unable  to  persuade 
Unwdf  that  it  exhibited  even  the  slightest  deviation  from  a  circular  form*. 
He  therefore  came  to  the  conclusion  that,  unless  the  polar  axis  was  turned 
lOKarda  the  earth,  the  planet  did  not  possess  any  sensible  ellipticityt  It 
■ppiftrs«  bo'wever,  from  recent  micrometrical  measures  executed  by  the 
Rer.  Mr.  Dawes  on  the  occasion  of  tlie  trauait  of  Kovember,  1848.  that 
tike  figure  of  the  planet  is  really  spheroidal  to  a  small  extent.  The  mean 
•(■everal  results,  obtained  by  ditferent  methods  of  measurement,  indicated 
in  ellipticity  equal  to  ^*gt. 

One  of  the  most  interesting  of  the  various  phenomena  which  disclosed 
themselves  to  the  admiration  of  Galileo,  when  ho  first  directed  the  tele- 
•MM  to  the  heavens,  was  the  appearance  presented  by  the  planet  Venus. 
Wottt  observed  near  her  inferior  conjunctiou  she  exhibited  a  slender 
ei«a««ni  of  light,  like  the  moon  when  she  is  a  few  days  old.  As  she  re- 
Mded  fromi  the  position  intervening  between  the  sun  and  the  earth,  the 
fihue  continued  to  increase  in  magnitude  until,  upon  approaching  her 
Kiperior  conjunction,  she  acquired  a  round  appearance,  like  the  full  moon. 
Tm  odnclusion  was  irresistible,  that  the  planet  was  an  opaque  body, 
vfaidt  owed  its  luminous  appearance  solely  to  ittj  power  of  reflecting  the 
«lar  ttye  which  fell  upon  its  surface.  An  icnportant  point  of  resemblanoe 
*u  thus  established  between  it  and  the  earth,  which  formed  the  gronnd 
ef  in  argiinient  of  overwhelming  force  iii  favour  of  the  Copeniicfln  system 
of  the  world. 


FbilTnai.,  1803,p.2l7. 
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As  in  tlie  case  of  Mercury,  the  lq tense  lustre  of  thk  beantiAl 
has  proved  a  serious  obstacle  to  astronomers,  in  their  atteinpts  toi 
some  knowlodge  respecting  its  physical  constitadon.  In  the  yeai^ 
Cassiui,  while  still  residing  under  the  clear  sky  of  Italy,  devoted  || 
tion  to  a  searching  examination  of  the  planet,  with  the  view  of  ddUl 
riodic  changes  in  its  appearance  which  might  indicate  a  roiation  OS 
On  the  2l8t  April,  lti67,  he  at  length  discorered  a  bright  epd 
when  watched  for  some  time,  was  fuund  to  return  to  the  same  poi 
the  disk  of  the  planet  at  succesaive  ititervHls  of  about  ^3  hours.  T| 
indicate  a  rotation  of  the  planet  agreeing  very  nearly  with  the  difli 
lion  of  the  earth.  Cassini,  however,  was  unable  to  follow  the  spot;<| 
out  an  extent  of  its  course  sufEcieutly  largo  to  enable  him  to  i 
positively  whether  its  change  of  position  arose  merely  from  a  libf^ 
tioQ  of  the  planet,  or  from  a  complete  rotation  on  an  axis.  Upon 
quent  occasion,  during  his  residence  in  France,  he  resumed  the  exM 
of  the  planet,  with  the  view  of  perfecting  his  previous  researehoj 
though  he  strove,  with  great  perseverance,  to  detect  the  spot  o^ 
which  was  visible  in  Italy,  all  his  efforts  were  fruitless.  In  I  TiiO  Bl 
the  domestic  prelate  of  the  Pope,  commenced  an  examination  of  1 
Rome,  with  a  powerful  telescope  cjanstructed  by  the  celebrated  Canal 
BOOH  succeeded  in  detecting  several  dark  spota  on  the  disk  of  the  ^ 
tnotion  of  which  he  continued  for  some  time  to  watch  with  great  d 
The  oonclusioa  he  arrived  at  was  somewhat  anomalous.  He  an 
that  the  changes  in  the  positions  of  the  spots  could  not  he  sadl 
accounted  for  without  supposing  a  period  of  rotation  amounting  U 
The  researches  of  astronomers  oti  the  rotation  of  the  planet  fol 
subject  of  a  critical  discussion  by  J.  Cassini.  He  remarked  thaO 
tinuity  of  Bianchiai's  observations  wag  intermpted  by  the  intai 
of  the  Barbarini  Palace,  which  every  night  concealed  the  planet  I 
for  some  time.  Adopting  a  hypothesis  founded  on  this  chasm  it 
servations,  he  shewed  that  if  the  period  of  rotation  bo  supposed* 
WA^  SO*",  the  observations  of  his  father  as  well  as  those  of  Bianol 
bo  equally  well  eatished ;  but  he  remarked  that  if  the  period  of  91 
admitted,  his  fathers  observations  must  be  rejected  as  totally  woi^ 

The  value  assigned  by  Cassini  to  tlie  period  of  the  rotation  of  Ven* 
ceired  a  complete  conhrmation  from  the  researches  of  modern  aati| 
In  1789  Schrocter,  having  undertaken  a  careful  examination  of  t| 
with  a  seven-feet  reflector,  discovered  a  luminous  point  in  the  dtl 
sphere,  a  little  beyond  the  southern  horn,  indicating  the  exiatfl 
high  mountain.  By  continuing  for  some  time  to  direct  his  atti 
the  periodic  changes  of  this  object,  he  was  finally  enabled  to  dedl 
them  the  conclusion,  that  the  planet  performs  a  complete  rotatii 
axis  in  a  period  amounting  to  HS^  'il'^  19*.  This  result  agrees  % 
recently  arrived  at  by  the  late  Sig.  De  Vico  and  his  assod 
the  Observatory  of  the  lloman  College.  In  1839  they  coa 
a  series  of  obaorvations  of  Venus  with  a  magnificent  refractor 
choix.  In  order  more  effectually  to  obviate  the  inconvenienof 
from  the  intense  lustre  of  the  planet,  the  examination  was  at 
during  the  day  timef.  The  ancient  spots  observed  by  Bianchl 
speedily  re-discovered,  and  were  found  to  possess  the  precise  formal 

*  ^l^mens  J'Ajttronomie,  p.  520.  * 
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\lt  them  bj  tliat  astronomer.  The  final  conclusion  vras,  th&t  the  planet 
'fSfformft  a  complete  rotation  on  its  axis,  in  a  periocE  agreeing  almost  ex- 
Ittlj  with  that  which  Schroeter  had  dedoced  from  his  obsertations. 

The  Tariotis  astronomers  who  have  detemiiiieil  the  rotation  of  Venttt 
igree  in  estimatiiig  the  inclinatiou  of  the  equator  to  the  plane  of 
the  ecliptic  at  75*^.  No  trace  of  elltpticity  has  been  discovered  in  the 
fhnet;  nor  mil  this  appear  surprising  when  the  probable  smallneaa 
of  its  uDonnt  u  considered.  If  th^  eqaatorial  exh  exceeded  the  polar  hj 
ontj  yXjiih  of  its  own  length,  oa  in  tha  casa  of  the  ear^.  the  difiereuce 
tif  liw  CWD  axes  would  aubtend  an  angle  of  only  a  tendt  of  a  aecond  at  the 
4iataiice  of  the  pltmet  from  the  earth.  It  is  obvious  that  the 
deUcate  micro metncat  mea^uremeiita  are  incapable  of  estabtishing 
the  exivtenee  of  so  small  a  quantity.  That  tha  ellipticitj  of  the  planet 
doa  not  differ  much  from  that  of  the  earth,  is  probAble  from  the  circuui- 
Mmoe  that  both  bodjea  are  nearly  of  the  same  size,  and  are  endued 
vilh  nearly  equal  velocities  of  rotation. 

Aoadrding  to  Sehroeter  there  exist  mountains  of  immense  height  on  the 
R^IM  of  Venus.  The  most  considerable  of  these  elevations  amounlii  to 
j^  of  the  zsdius  of  the  planet.  Chimhonuso,  in  South  America,  which 
«a  bog  tuppoaed  to  be  the  highest  mountain  on  the  aurfoce  of  the  earth, 
•tlnns  an  elevation  equal  only  to  tKW  ^^  ^^  terreitrial  radius.  The 
mtte  astronomer  remarks  that  Venoa,  as  well  as  Mercury  and  the  Earth, 
bate  the  highest  mounteina  situate  in  their  southern  hemispheres.  Theae 
tewlci  can  only  be  admitted  with  a  certain  degree  of  reserve,  when  the 
ectZBOte  delicai^  of  the  observations  by  meass  of  which  they  are  arrived  at, 
it  ttken  into  ara^ount.  Even  the  great  Herschel  was  unable  to  deduce 
■t^  tmstvorthy  results  of  this  nature  from  hia  obaervations  of  the  planet, 
T^  remark  of  Schroeter,  that  the  three  planets  nearest  the  sun  have  the 
kil|fae8t  mountains  situate  in  their  southern  hemispheres,  is  at  least  ne 
longer  applicable  to  the  earth,  since  the  Himalajah  rang^  of  mountaiua 
bn  been  found  to  be  the  most  elevated  region  on  its  surface. 

TariouB  circumstances  concur  to  prove  that  Venus  is  surrounded  by 
m  atmosphere  of  considerable    density.     During  the  transits   of  the 
fiet  over  the  suns  disk  in  1701  and  17611,  the  planet  was  observed, 
'  several  astronomers,  to  be  surrounded  by  a  faint  ring  of  light  similar 
the  appearance  which  would  be  occasioned  by  the  passage  of  the  solar 
through  a  circunmnjbient  fluid.     This  iodicatiou  of  the  eaiiatence  of 
atmosphere  i^  ooofirmed  by  the  obser^'atioua  of  Schroeter,  who  dis- 
rned  what  appeared  to  him  to  be  a  faint  crepuscular  tight,  extending 
I'lbjund  the  cusps  of  the  planet  into  the  dark  hemisphere  *,     From  micro- 
Titethcal  measures  of  the  space  over  which  this  light  was  diflused,  he  con- 
laded  that  the  horizontal  refraction  at  the  surface  of  the  planet  amounts 
80'  34",  ft  quantity  agreeing  very  nearly  with  the  horizontal  refraction 
the  terrestrial  atmoHphere  f- 
When  the  planet  Mars  is  observed  with  a  teleaoope  of  ordinary  power, 
'tta  furfiu^  spears  to  be   diversified  with  spota  of  an   irregular  char 
liacter,  which  hkve  conducted  astronomers  to  some  interesting  conclusions 
I  BH^weting  its  physical  constitution.    These  appearances  were  first  noticed 
'byFontKna,  a  Neapolitan  astronomer.     In  163^6  he  observed  a  spot  on 
ttie  disk  of  the  planet,  which  subsequently  re-appeared  in  1B38.     From 
the  changes  which  it  seemed  to  undergo,  he  suspected  that  the  planet  was 

'  Phil.  Tren*.,  1792. 

j  Tiie  intei»tiiw  feet  of  ihe  existenc*  of  a  twilii^bt  in  Venui  fa»  been  pounlrnea 
Otr«bMnari<Hltof  Sir  Wtlliam  Ker»hcl.     (Phil    Tmm.  179^  p-  214.) 
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endued  \tith  a  rotation  on  an  axis.     Hooka  is  one  of  the  first  astft>tion)«fi 
'vrbo  arrived  at  this  conclusion  by  reasoning  of  a  strictlj  legitimate  rbt' 
racter,  founded  upon  his  own  observations  of  the  planet.     On  the  aStfa  aif 
March,  1 668,  he  commuajcated  a  paper  to  the  Eoy&l  Society,  contaioiiig 
an  account  of  observations  of  certain  spots  on  the  disk  of  the  planet,    fie 
mentions  that  he  had  seen  the  spots  in  the  month  of  Februaij,  1604; 
but  tlie  earliest  observation  contained  in  hia  paper  is  dated  the  3rd  of  th« 
following  mouth.     Having  found  that  the  spots  returned  at  regular  intsr 
vala  to  the  same  position  on  the  diek,  he  inferred  that  the  plsnet  accom* 
pliBhea  a  rotation  on  an  aiis  in  a  period  amounting  to  1*2  or  24  hoori*. 
The  contemporaneous  observations  of  Cassini  in  Italy  conducted  that  istfo- 
iiomer  to  a  result  of  greater  precision.     He  concluded,  from  the  intern^ 
vhicb  elapsed  between  the  return  of  the  spots  to  the  Bftme  position  on  tha 
disk,  that  the  planet  performs  a  complete  revolution  round  its  a^is  in  2i^ 
40™,    This  result  received  a  aatisfiactory  confirmation  from  the  researcbw 
of  the  elder  Maraldi.   In  1704  that  astronomer,  having  watched  the  changw 
in  the  poeitiona  of  the  spots,  inferred  a  period  of  rotation  equal  to  24''  3fl*. 
In  the  autumn  of  1719,  there  occurred  a  peculiarly  favourable  opportQiiit; 
for  verifying  this  conclusion.     When  the  plane t  arrived  in  opposition  on 
the  a7th  August  of  that  year  it  was  only  2^"  distant  from  the  perihelion, 
ajid  on  ac^x)unt  of  its  proximity  to  the  earth  it  shone  with  euch  unoommoa 
splendour  that;  many  persons  supposed  i(  to  be  a  comet  or  a  new  star.  Oa 
the  10th  Augrost,  Maraldi,  having  examined  the  planet  with  a  telesoopl 
34  feet  long,  perceived  twe  objure  bands  on  the  disk,  forming  with  each 
other  an  obtuse  angle,  which  exhibited  a  very  conspicuous  point  f .     Oq  tha 
S5th  September,  he  again  observed  the  planet,  and  perceived  the  atigulti 
point  in  the  same  position  on  the  disk.     During  the  interval  of  37  dajs. 
which  had  elapsed  l>etween  the  two  observations,  the  planet  had  therefore 
couipleted  30  rotationa  on  its  axis.    This  gave  24'^  40™  far  the  period  of  rota- 
tion, a  result  agreeing  exactly  with  that  arrived  at  by  Caseini.     In  the 
years  1777  and  1770,  Sir  William  Herschel  carefully  ol^erved  the  changes 
in  the  appearance  of  the  planet,  and  concluded  from  them  that  the  priod 
of  rotation  amounted  to  24^  39™  2l**67  J.    He  also  found  that  the  indina- 
tion  of  the  planets  equator  to  the  ecliptic  amounts  to  28"  42^  and  that  itt 
ascend  lug  node  i»  situate  in  10°  2B'  of  Sagittarius  §.    The  recent  researdbflt 
of  MM.  Beer  and  Madler  make  the  period  of  rotation  to  be  24"  37«  ilS^ 

Mars  being  endued  with  a  rotation  ou  a  fixed  axis,  it  id  reasonabi 
conclude  that  the  figure  of  the  planet  will  be  flattened  at  the  poles. 
was  reserved  for  Sir  Williara  Herachel  to  establish  this  interesting  fwt 
upon  the  basis  of  observation.  By  micrometrical  measurement  ho  deter' 
mined  tha  lengths  of  tho  equatorial  and  polar  axes  to  be  as  1355  to  1372, 
or  as  16  to  15  nearly  ||.  This  indicates  an  ellipticity  considetably  greater 
than  what  appears  necessary  to  counterbalance  the  centrifugal  fonce  of  tho 
equatorial  parts  of  the  planet,  if  its  density  be  supposed  homogeneous. 
The  discordance,  however,  in  this  as  well  as  in  all  similar  instances,  may 
be  explained  by  an  adequate  supposition  respecriug  the  internal  atroeixm 
of  the  planet. 

The  earlier  ohservers  of  Mara  had  remarked  the  appearance  of  very  bright 
spots  at  the  poles  of  his  equator  Maraldi,  who  devoted  much  attention 
to  those  phenomena,  suspected  that  they  were  the  indications  of  pbysiical 
changes  occurring  on  the  surface  of  tire  planet.  In  1 777-70,  Sir  WilHam 
Ilerschel  examined  the  telescopic  appearance  of  the  planet  with  inslrO' 
•   Pbil,  Trans. f  No    14  +   Wcm.  Acad.  Jt*a  Scienc**.  \7^ik 
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far  superior  in  power  to  any  that  liad  been  bithcrlo  used  for  & 
purpoee,  and  'nith  the  scrupulous  attention  to  accuracy  which  cba- 
aAefi£6d  All  the  obser^-ations  of  that  illuetrious  astronomer.  He  sup- 
Med  the  bright  appearances  around  the  poles  to  be  the  light  reflected 
DHD  maasi&i  of  ioe  and  suow  accumulated  iu  the  polar  re^ou9 ;  and  he 
naibed  dieir  occasional  diminutioii  to  the  dissolving  induence  of  the 
Mtsr  njs^  wheu  they  became  exposed  to  them  by  the  revolutiou  of  the 
phoet  in  its  orbit.  The  changes  actually  exhibited  by  the  spots  afforded 
1  ftiiking  confirmation  of  this  view  of  their  origin.  Thiia,  in  the  year 
ITBI,  the  ^jot  about  the  south  pole  was  extremely  large,  but  this  might 
Dftufally  have  been  expected,  since  the  pole  had  been  recently  involved  in 
peipttaal  darkness  during  the  space  of  twelve  months.  In  17^3  it  had 
UoMae  cODsidembly  smaller,  and  it  continued  to  decrease  from  the  SOih 
Mtfoi  that  jear  till  about  the  middle  of  September.  During  the  last- 
sauoned  internal,  the  south  pole  had  already  been  above  eight  mouthy 
goring  the  benefit  of  aiimmer.  and  still  continued  to  receive  the  sud- 
MokB,  though,  towards  the  close  of  the  period,  in  so  oblique  a  direction  a$ 
todmT6  but  little  benefit  from  them.  On  the  other  hand,  in  the  year 
1761,  the  north  polar  spot  which  had  been  enjoying  the  sunshine  for 
tvdre  months^  and  was  but  lately  returning  to  darkuesB,  appeared  small, 
4m^  increasing  in  size.  It  was  indeed  inv bible  in  the  year  17M3,  but 
tlpi  ttme  from  the  position  of  the  axis  of  the  planet,  by  which  it  was 
nawved  out  of  sight*.  The  explanation  of  Sir  William  Herschel  has  been 
§GMnlIy  adopted  Ity  astronomers,  as  the  most  probable  that  can  be  otfered 
noecting  the  interesting  phenomena  to  which  allusion  has  just  beeu  made. 
It  IB  hardly  necesaary  to  remark  that  such  au  explanation  implies  the  ex- 
istaooe  of  an  atmosphere  about  the  planet 

If  we  consider  the  arrangement  of  the  planetary  system  as  it  was  known 
pevious  to  the  discovery  of  Uranus,  it  will  readily  occur,  eitlier  from  a  cgm- 
tuiiOQ  of  the  numerical  values  of  the  mean  distances  of  the  plan  eta,  or 
hm  an  inspectioa  of  their  orbits  when  traced  conceutrically  by  a  graphic 
Itoeeas  on  a  sheet  of  paper,  that  while  the  intervals  between  the  aucces- 
Itre  orbits  increase  continually  outwards  from  the  sun,  a  vacuity,  dispro- 
portionately larger  than  any  of  the  others,  exists  between  the  orbif^  of  ^lars 
lud  Jupiter.  When  Kepler,  during  tlie  earlier  period  of  his  astronomical 
eBeer.  vas  endeavouring  to  discover  a  connexion  between  the  mean 
JirtMees  of  the  planets  from  the  sun,  and  their  motions  in  their  orbits, 
W  toooimtered  in  this  anomalous  fact  an  insuperable  obstacle  to  the 
MeeetS  of  his  epeculutioos.  The  most  plausible  liypotheais  tliat  his  fertile 
tlMtantjiin  could  suggest,  appealed  to  require  that  the  vacuity  should  be 
SSed  np  by  the  interpositiqn  of  another  orbit.  At  length,  havJTig  despaired 
of  reconciling  the  actual  state  of  the  planetary  system  with  any  theoiy  he 
ttidi  form  respecting  it.  be  hazarded  the  assertion  that  a  planet  really 
oaitfed  between  the  orbits  of  Mars  and  Jupiter,  and  that  its  Bmallness 
iboe  prevented  it  from  being  visible  to  astronomers.  This  bold  surmise 
rf  tlte  illu-jtridns  discoverer  of  the  laws  of  the  planetary  movements,  was 
Mgwially  regarded  as  not  the  least  probable  of  those  transient  sallies  of  the 
'— ginatifrn  in  which  he  delighted  to  indulge,  and  it  was  favourably  alluded 
iltbyl^iiihertin  his  '*Co3mologica]  Letters,"  published  in  17tt9.  Tn  1773, 
I  Bode  published  a  tr^tiae  on  astronomy  in  which  he  first  announced  the 
Aigalar  relation  between  the  mean  distsnces  of  the  planets  from  the  sun, 
Ntmch  has  tance  beeu  distinguished  by  his  name.  This  relatioQj  to  which 
•  Phil.  Trafli.,  1784.  p,  261, 
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ftllusicn  lifls  already  been  made  in  one  of  the  foregoing  cUapters,  exhii 
in  a  rery  Bthking  light  the  exaggerated  leap  from  Mars  to  Japiter,  and 
suggested  the  strong  probobilitj  of  a  platiet  reTolviiig  iti  the  ititermediata 
region.  Thia  conjecture  was  rendered  still  more  plausible  by  the  dia* 
coferjr  of  thd  planet  Uranus,  in  I7B1,  the  distance  of  wliiich  from  tbesud 
was  found  to  courorni  exactly  to  the  law  of  Bode.  In  Germanj,  espedallj^ 
a  strong  inapreasign  bad  been  produced  that  a  planet  really  existed  betire«oi 
Mars  and  Jupiter ;  and,  through  the  active  exertions  of  De  Zacfa,  &n  asMHi 
ciation  of  twenty^four  astronomers  vvas  formed,  having  for  its  abject  to 
effect  the  discovery  of  the  unknown  body.  For  this  purpose  the  zodiac 
was  didded  into  twenty-four  zones,  one  of  which  was  to  be  explored  if 
each  astronomer;  and  the  conduct  of  the  whole  operation  was  placed  oodli 
the  superintendence  of  Schroeter.  Soon  after  the  formation  of  thii  ttxaMf 
the  planet  was  d]sca\*ered,  but  not  bj  any  of  those  astronomers  who  werd 
engaged  expressly  in  searching  for  it.  Piozsi.  the  celebrated  It&tian 
aatrouomer,  while  engaged  in  constructing  his  gre^ai  catalogofi  of  starii 
WK3  induced  carefully  to  examiuo,  several  nights  in  succession,  a  part  of  tlu 
oonistellatioQ  Taurus,  in  which  WoUaston,  by  mistake,  had  assigned  the 
position  of  a  star  which  did  not  really  exist.  On  the  1st  January,  IIWI, 
Fiaxzi  observed  a  small  star,  which,  on  the  following  evening,  appeajredtti 
have  changed  its  place.  On  the  llrd  be  repeated  bis  observattoas,  and  bd 
now  felt  assured  that  the  star  had  a  retrograde  motion  in  the  Tsodiitc,  Tb0 
daily  change  of  position  in  right  ascension  was  4',  and  the  change  in  decU< 
nation  towards  the  north  pole  was  3'  30".  On  the  24th  of  January^ 
he  transmitted  an  account  of  his  discovery  to  Oriani  and  Bode,  communi- 
cating the  positions  of  tlie  star  on  the  3rd  and  !iidrd  of  that  month,  an4 
adding  that  its  motion,  from  being  retrograde  on  the  Htb,  had  beconM 
direct  on  the  13th  of  the  same  month.  Fiazzi  continued  to  observe  tb< 
star  until  the  1 1th  of  B'ebniary,  when  he  was  seized  with  a  dangermu 
illness  which  completely  interrupted  his  labours.  His  letters  to  Oriani 
and  Bode  did  not  reach  these  astronomers  until  the  latter  end  of  Mafch; 
hut  the  planet  had  then  approached  too  near  the  sun  to  admit  of  thdr  ob- 
taining a  verification  of  his  diacoveiy  by  actual  observation,  and  it  wai 
necessary  for  this  purpose  to  wait  until  the  month  of  September,  when  tli4 
planet  would  have  etfectually  extricated  itself  from  the  solar  rays.  Its  ra 
discovery,  after  thti  lapse  of  so  considerable  a  period  subsequent  to  th4 
most  recent  observation,  could  not  be  expected  to  be  accomplished  withoal 
a  pretty  accurate  knowledge  of  the  orbit  in  which  it  was  moving;  but  th( 
data  communicated  by  Piazzi  were  insufficient  for  this  purpose.  The] 
merely  served  to  indicate  that  the  body  revolved  in  a  circular  orbit  betweei 
Mara  and  Jupiter,  at  a  distance  agreeing  very  nearly  with  that  assigned 
by  Bode's  law,  and  so  far  offered  a  satisfactory  confirmation  of  the  Tiew 
of  the  German  astronomers.  Meanwhile  Pia^zi,  fearing  lest  he  should  hi 
deprived  in  any  degree  of  the  glory  attached  to  ttiG  discovery  of  the  planet 
communicated  to  astronomers  all  the  observations  of  it  made  by  him  dowt 
to  the  lltb  February.  Gauss  found  that  they  might  be  all  satisfied 
within  a  few  seconds,  by  an  elliptic  orbit,  of  which  he  calculated  the  elei 
ments;  and,  with  the  view  of  aiding  astronomers  in  searching  for  ihn 
planet,  that  illustrious  geometer  also  computed  an  ephomeris  of  its  motiot 
for  several  months.  After  a  careful  examination  of  ita  geocentric  path{ 
the  planet  was  finally  discovered  by  De  Zach  on  the  Slst  of  December^ 
and  by  Olbcrs  on  the  following  evening.  A  year  had  therefore  eUpse^ 
between  the  original  discovery  of  the  planet  by  Piazjii  and  its  subeequeni 
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ibjtfae  Gernun  astronomei's.     Piazzi  conferred  on  it  the  name 

^Allusioa  to  the  titular  gwidesaof  Sicily,  tbe  ialaiid  in  which  it 

w  diseoTered ;   and  tbe  sickle  has  been  appropriately  chosen  for  ita 
ijmbol  of  designation. 

Tbe  mean  distance  of  Oema«  as  determined  by  the  caleulations  of  Gauss, 
«as  '.i  767.  The  distance  assigned  by  Bode'&  law  ia  S'8.  In  this  respect^ 
therefore,  the  new  member  of  the  planetary  system  harmonized  admirably 
fith  tbe  other  bodies  of  which  it  was  compoised.  In  other  respects, 
homTer,  it  offered  unexpected  anomalies.  Sir  William  Herschel  found,  by 
micTDtuetrical  measures  of  the  plane t'a  apparent  magnitucle.  that  ita  dia* 
Qietec  at  tbe  mean  distance  of  the  earth  from  the  sun  would  subt«nd  an 
Angle  of  only  O'^^'Sd.  This  result  makes  the  linear  diameter  amount  to 
amj  161  miles.  The  newly-dij^covered  body  was*  therefore,  etcesaively 
minate,  when  compared  with  any  of  the  older  members  of  the  planetary 
i^stem.  Its  motion  also  exhibited  peculiarities  which  in  some  degree  as* 
ttBulaied  it  to  bodies  of  a  comeiary  nature.  Its  iucli nation  to  the  ecliptio 
«ueddded  XQ°,  and  consequently  it  deviated  from  that  plane  to  a  much 
greater  extent  than  any  other  planet. 

The  tnterestiDg  discover^'  of  Piazzi  was  soon  followed  by  another  of  a 
similar  nature.  OUiers,  while  engaged  in  searching  for  Ceres,  had  studied 
wiUi  minute  attention  the  TariouB  configurations  of  all  the  amaU  tttars 
vhich  are  situate  near  the  geocentric  path  of  that  planet.  On  the  *J8th  of 
Hftith,  l$Oii^  while  examining  the  north-western  part  of  the  constellation 
Vii]g9,  hia  attention  was  directed  to  a  small  unknown  star  of  the  7th  magni- 
Utda  It  waa  situated  very  near  the  place  where  he  discovered  Ceres,  and 
itformed  an  equilateral  triangle  with  two  other  small  stars,  whose  jMsitions 
*«nfr  given  in  the  catalogues  of  astronomers.  From  tbe  intimatie  knowledge 
be  hid  acquired  of  the  region  in  which  the  star  appeared,  he  felt  assured 
tint  be  had  not  perceived  it  on  any  former  occasion ;  and  his  first  impresi^ion 
vu,  ^t  in  all  probability  it  was  a  variable  star  which  ha^l  attained  ita 
auximam  state  of  brightness,  After  the  lapse  of  two  hours,  however,  he 
fauad  that  it  had  a  proper  motioti,  the  right  ascension  having  sensibly 
diminished  during  that  interval  while,  on  the  other  hand,  the  declination 
bid  increased  towards  the  north,  The  observations  of  the  following  even- 
iag  establiahed  beyond  all  donbt  his  suspicion  tliat  the  body  was  a  planet ; 
its  light  ascension  having  diminished  to  the  extent  of  10',  while  the 
inottase  of  declination  was  30'.  On  the  ilSth  of  April,  when  a  month 
oatj  Iwd  elapsed  since  tbe  discovery  of  the  planet,  Gauss  assigned  the 
^^meots  of  die  elliptic  orbit  in  which  it  was  found  to  revolve,  and  the  re- 
nlte  derived  from  tliem  exhibited  a  most  satisfactory  accordance  with, 
olsemitioin.  The  mean  distance,  as  determined  by  Gauss,  was  Ji'670* 
Ute  planet,  therefore,  oHored  in  this  respect  a  remarkable  analogy  to 
C«reB.  the  mean  distances  of  both  planets  agreeing  within  a  small  fraction. 
Like  OorM  also,  it  was  remarkable  for  the  minuteness  of  its  volume. 
From  Herschel's  estimate  of  its  apparent  magnitude,  it  followed  that  its 
lioesr  diameter  did  not  amount  to  more  than  110^  mites'*.  In  the  form 
Qad  position  of  its  orbit^  it  exhibited  deviations  from  the  older  planets, 
nuch  more  conaidarable  than  those  by  which  Ceres  was  distinguished, 
eccentricity  was  found  by  Gauss  to  be  0*34704,  end  consequently  wtta 
than  that  of  Mercury,  the  most  remarkable  of  all  the  older  planets 
I  Id  ihia  respect.     Bnt  the  moat  striking  featore  of  the  planet's  motion,  if 
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-we  except  the  comcidance  of  its  tuetui  distance  with  that  of  Ceres. 
inclination  of  it^  orbit  to  the  ecliptic,  which  amounted  to  the  very  OQiml 
able  angle  of  34^  30'.  lu  consequeDce  of  the  various  peculiarities  of  I 
two  new  bodies,  Sir  William  Herachel  proposed  to  detiomitiate  them  m 
roida,  iostead  of  planets,  atid  this  appellation  is  frequently  applied  to  tb 
as  well  as  to  the  other  bodies  which  have  since  been  discovered  revoN 
in  the  same  region. 

An  examination  of  the  relative  magnitudes  of  the  planetai^  orbits  I 

suggested  the  existence  of  an  nnknown  planet,  revolving  between  theorti 

of  Mars  and  Jupiter.    Instead  of  one  planet,  however,  two  were  found.  <n 

forniiug  in  this  respect  to  the  requirements  of  analog.     Considering  tl 

shigular  fact,  in  connexion  with  tlie  extreme  minuteness  of  the  two  bodi 

aiid  the  other  circumstances  by  which  they  were  distinguished  twta  l 

more  ancieut  planets,  Olbers  was  led  to  suspect  that  thej  might  poasit 

be  the  fragments  of  a  larger  planet,  which  had  once  heen  revolving 

the  same  region,  and  at  an  anterior  epoch  had  been  Bhattered  to  pieces  1 

the  energy  of  some  unknown  cause.     Pursuing  this  ingenious  cooceptio 

he  was  led  to  conclude  that  there  might  be  many  more  siniilnr  fragiaeB 

which  had  not  yet  been  discovered.    He  also  inferred  that  the  eccentridh 

and  inclinations  of  their  orbits  might  be  very  diiferenL,  but  that  the  met 

distances  would  be  nearly  equal,  and.  as  tliey  all  had  a  common  origin,  tb 

their  orbits  would  have  two  common  points  of  intersection,  situate  in  tf 

posit e  regions  of  the  heavens,  through  which  every  fragment  would  ned 

aarily  pass  in  the  course  of  each  revolution.     He  proposed,  therefore,  * 

search  carefully  every  month  the  north -western  part  of  the  constellatic 

Vir^'o,  and  the  western  part  of  the  constellation  of  the  Whale,  being  the  tn 

opftofiite  regions  in  which  the  orbits  of  the  two  bodies  already  discoTCM 

were  found  to  intersect  each  other.     Meanwhile  the  discovery  of  a  ihit 

planet  tended  in  a  strong  degree  to  couhrm  the  truth  of  his  hypothesi 

and  to  encourage  him  in  his  arduous  undertaking.     In  consequence  of  li 

extreme  small ness  of  Ceres  and  Pallas,  they  are  liable  to  be  confouadi 

with  the  telescopic  stars,  which  lie  near  their  paths,  and  conseqaenlj 

when  any  time  is  allowed  to  elapse  without  their  being  observed,  it  tM 

comes  a  difficult  matter  to  recognise  them  again.    With  the  view  of  ficij 

tsting  this  object,  M.  Harding,  one  of  the  astronomers  attached  to  tl 

Observatory  of  Litienthal.  had  undertaken  to  construct  a  series  of  chwl 

whereon  were  laid  down  the  positions  of  all  the  small  stars  which  appe 

ne^iT  the  geocentric  paths  of  the  two  planets.     On  the  Snd  Septemb* 

1804,  while  engaged  in  exploring  the  heavens  for  this  ptirpose,  ha  p4 

ceived  a  small  star  in  the  coftstellatiou  Pisces,  very  near  to  that  pa 

of  the  constellation  of  the  Whale,  through  which  Olbers  had  as&erted  th 

the  fragments  of  the  shattered  planet  would  he  sure  to  pass.     On  the  4 

of  September  he  repeated  his  observation,  and  found  that  the  star  hi 

changed  its  place.     The  observations  of  the  succeeding  evenings  esl 

blisbed,  beyond  all  doubt,  that  the  star  was  in  reality  a  new  planet.     Tl 

elements  of  its  orbit  were  calculated  by  Gauss,  who  found,  as  in  the  ca 

of  the  other  two  planets  recently  discovered,  that  it  revolved  between  U 

orbita  of  Mara  and  Jupiter     The  mean  distance  was  3'6T0,  consequent 

it  almost  coincided  with  the  mean  distances  of  Cores  and  Pallaa.    Tl 

eccentricity  amounted  to  0'254S,  and  therefore  surpassed  that  of  anyotb 

member  of  the  planetary  system.     Harding  conferred  on  the  planet  tl 

appellation  of  Juno,  with  a  sceptre  surmounted  by  a  star  for  the  ajaab 

of  designation.     Like  Ceres  and  Pallits,  it  is  remarkable  for  ita  extren 
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Hersehel  was  miftbli?  to  pronoance  with  certainty  thut  its 
ekhibited  an;  sensible  inagriitude. 
St^&lated  by  the  discovery  of  Juno,  which  so  remarkably  supported  hia 
liwoijf  Olbera  continued,  with  unremitting  assiduity,  to  explore  the  two 
«||Mnite  regious  of  the  heavens,  which  appeared  to  him  to  offer  the 
MnigBBt  probability  of  dcteminf^  any  additional  fragmenU  of  the  shattered 
flmet.  At  length,  after  he  had  been  engaged  nearly  three  year^  in  this 
akecioiM  pursoit,  his  adinirubic  perseverance  yma  cru^viied  with  success. 
<)■  ibe  ereaiiig^  of  the  SStii  of  March,  1807,  as  he  won  proceeding  to  re- 
cuDtbe  tie  tionhem  wing  of  the  constelhitioii  Virgo,  his  attention  was 
Hnvu  all  at  once  to  a  brilliant  b\&t  of  the  eixth  magnitude,  nhich  ap- 
Mi«d  a  little  to  the  we^t  of  the  Btar  marked  il'^il  in  Uode's  catalogue. 
rrom  hi»  intimate  aequainluince  with  this  part  of  the  heavens,  he  fMt  per' 
fladad  thut  the  star  had  not  appeared  iu  it  on  any  former  occasion,  and  he 
awhlded,  without  hesitadou,  that  it  was  a  planet.  On  the  same  evening 
ki  ettabttsfaed  this  fact  beyond  all  doubt,  having  ascertained,  hy  means  of 
tm  nbeervations,  that  the  motion  of  the  bo<ly  was  retrograde.  The  ele- 
'Mats  of  the  orbit  were  determined  by  Gaiisg,  who  executed  the  calcula- 
liaM  jipquired  for  this  purpose  before  more  than  ten  hours  had  elapsed 
ifter  be  obtained  possesaion  of  the  obi^ervations.  The  planet  was  found 
toftTOlvti  iu  the  same  region  with  Ceres.  Pallas,  and  Juno,  its  mean  dia- 
tiioi  being  somewhat  leas  than  that  of  any  of  those  bodies.  Olbers  dele- 
ptti  to  G^uss  the  privilege  of  naming  the  planet.  The  illuatrioua  geo- 
iwler  chose  the  ftppeJIatioii  of  \''esta,  the  symbol  of  designation  being  the 
iltxr  oa  wbidi  burned  the  sacred  tire  in  honour  of  the  goddess.  This 
pliurt  is  even  smaller  than  any  of  the  threo  others  previously  discovered 
IB  tbo  mme  region.  It  is  remarkable  fur  the  brilliancy  of  its  light, 
Sefaneter  states  tbat  he  once  saw  it  with  the  naked  eye. 

The  hypothesis  of  Olbers  respecting  the  origin  nf  the  osteroids  waa  in 

May  respects  so  plausible  that  geometers  were  induced  to  direct  their  at- 

tQttioa  to  the  subject.     In  the  "  Connttisaancif  de»  Tumpn  "  for  1814,  La- 

pgs^  hfts  investigated  the  explosive  force  which  would  be  necessary  to 

dttKh  a  fragment  of  matter  from  a  planet  revolving  at  a  given  distance 

from  the  sun,     Applying  his  resnltd  to  the  earth,  he  found  that  if  the 

tdod^  of  the  detached  fragment  exceeded  that  of  a  cannon  boll  in  the 

fnpofttoo  of  121  to  1,  the  fragment  would  become  a  comet  with  a  direct 

ttmm;  but  if  the  velocit)-  rose  in  the  proportion  of  150  to  1,  tlie  motion 

rfthe  comet  would  ha  retrograde.     If  the  velocity  was  less  than  in  tsitber 

cases,  the  fragment  would  revolve  as  a  planet  in  an  elliptic  orbit. 

tny  other  planet  I)€side3  the  earth,  the  -v  elocity  of  explosion  corre- 

ipmding  to  the  dilTereiil  cases  would  vaiy  in  the  inverse  ratio  of  the  squaro 

W  of  the  mean  distance.     It  would,  therefore,  manifestly  be  less,  as  the 

ptnwt  was  more  distant  from  the  buu.     In  the  case  of  each  of  the  four 

imlimT  planets,  the  velocity  of  ejtplosion,  indicated  by  their  observed 

,  would  be  les3  than  JIO  times  the  velocity  of  a  cannon  ball. 

.uJjough  ft  strong  probability  existed  that  many  more  bodies  revolved 

M»wn  ^e  orbits  of  Mars  and  Jupiter  similai'  to  tlnose  already  discovered, 

teonaidemble  period  elapwed  before  the  planetoiry  eysteni  ivas  cnriclied  by 

Qjfimfaer  accession  from  this  source.     This  circumstance  arose,  doubtless, 

W  the  immense  labour  attending  the  operation  of  searching  for  the 

Wiot  »nd  the  want  of  good  charts  contmning  a  repreaentation  of  the  re-^ 

liti*9  positions;  of  all  the  amtill  sUrs  situale  in  those   regions  where  it 

1*5^  be  expected  that  die  bodies  would  be  dbcovered.     In  1S35,  «  freah 
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impolufi  VTBB  given  to  reBearches  of  this  uature,  hj  the  re^totution  of  the 
Berliti  Academy  of  Sciences  to  procuri  the  construction  of  a  series  of 
charts  represeutiii^  the  relative  positions  of  all  the  etarst  down  to  tlae 
tenth  order  of  magnitude,  in  a  zone  of  the  celestial  regions  extetidiDg  I  ft^on 
each  side  of  the  equator.  All  the  charts  connected  with  this  great  under- 
tttkiog  liave  not  yet  been  executed ;  but  we  have  already  had  oecusLcm  to 
illugtrate  tlieir  great  titility,  in  our  account  of  the  discovery  of  the  planet 
Neptune.  It  was  probably  by  reflecting  on  the  advantage  of  Guch  deli- 
neations of  the  celestial  regions  that  M.  Hencke,  an  amateur  astronomer 
of  Drieasen.  in  Germany,  was  induced^  about  the  year  1830,  to  comineticd 
a  careful  survey  of  those  regions  vvherein  it  waa  most  Ukely  that  any  feddu 
tioual  planets  would  be  found.  During  fifteen  years  he  continued  with 
unwearied  as^aiduity  to  prosecute  this  object,  tracing  the  relative  positiout 
of  the  small  eturs,  and  roakiug  himself  acquainted  with  their  various  ean- 
figurations.  At  length  his  unflioohinff  perseverance  met  with  its  due  rewxrd. 
On  tlie  8tii  of  December,  IB45,  is-hile  engaged  in  exatnining  a  portioo 
of  the  fourth  hour  of  right  Riacension,  his  attention  was  directed  to  k  nDaU 
unkuovTU  star  which  appe^ited,  between  two  others  of  about  the  aame  size, 
with  it.  As  he  had  acquired  an  intimate  acquaintance  with  thia  part  of 
the  heavens,  he  felt  contideut  that  the  star  had  not  been  previously  vistbl* 
in  it.  He  therefore  nuspetited  that  he  had  diacovered  a  planet,  and  Ii« 
ifrote  to  M.  Eueke,  of  the  Observatory  of  Berlin,  announcing  the  exist- 
ence of  the  unltiiown  star,  and  communicating  to  him  iia  p>siLion  on  the 
dny  before  mentioned.  Ou  the  oveni&g  of  the  14th  of  December,  the  Berlin 
ftstronomera  dirL^cted  the  magnificent  refractor  of  the  obsorvalory  to  the 
jiart  of  the  heavens  in  which  M.  Hencke  had  asserted  be  had  aeon  the 
auspected  planet,  and  presently  they  discovered  a  8tar  of  the  ninth  magni- 
tude, which  was  not  marked  in  the  corresponding  chart  of  tha  academjt 
dxeeuted  by  Professor  Knolrre.  The  subsequent  observation's  of  the  same 
evening  ehewed  it  to  be  a  planet,  It  was  then  retrograditig  with  a  daily 
inotion  in  right  ascension,  amounting  to  14'  ai/'.jJ  of  arc.  On  this  occasion 
the  elements  uf  the  orbit  were  i-apidly  delermined,  not  by  Gauss  indiTi- 
dually,  as  on  prevloua  occasions  of  a  similar  Idud,  but  by  a  host  of  young 
flstroiiomei'9  throughout  Europe,  who  had  become  faraihar  with  the  methods 
of  that  illuatrioM  master.  The  reauhs  of  their  calculations  shewed  the 
body  to  be  one  of  the  ffimily  of  asteroids.  The  honour  of  naming  it  mu 
delegated  by  the  discoverer  to  M.  Encke,  who  conferred  on  it  Uie  app«Uft- 
tlon  of  Astraea. 

The  industry  of  M.  Hencke  was  soon  again  rewarded  by  a  similar 
discovery.  On  the  lat  of  iJuly,  1847,  while  engaged  in  examining  the 
sevonteenth  hour  of  right  ascension,  he  peix^eived  a  small  star  of  about 
the  ninth  order  of  magnitude,  which  was  not  marked  in  tlie  corresponding 
map  of  the  academy,  constructed  by  Dr.  Bremiker.  On  the  ;3rd  ho  re- 
peated his  observation,  and  found  that  during  the  intermediate  period  itt 
right  ascension  hod  sensibly  diminished,  while  its  southern  declination  had 
increased.  It  proved  to  be  another  of  the  smaller  planets.  Gau^a,  vnha  had 
been  invited  to  choose  its  name,  bestowed  on  it  the  appellation  of  Hebe. 

The  year  1817  was  not  destined  to  come  to  a  close  before  it  waa  uf- 
qaiHaed  by  two  other  discoveries  of  a  similar  nature.  Mr.  Hind,  the 
Aitrottomer  attached  to  the  Observ^atory  of  Mr.  Bishop,  llegcnt's  Park, 
London,  had  been  for  some  time  engaged  in  revising  the  Berlin  mtflti» 
of  which  the  utility  had  now  become  so  apparent.  He  had  also  under* 
taken  the  formation  of  eclipdcal  chartB  for  a  few  of  the  hours  of  right 
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5n,  TepreseotJag  the  relative  positions  of  all  the  telescopjB  stars 
to  the  tenth  tiiognitude.     On  the  13th  of  August,  1847,  wbile  sur- 
teriiig  the  heaveus  in  the  prosecution  of  these  labours,  his  atteation  was 
diawu  to  a  star  of  the  8,Uth  magnitude,  which  waa  not  marked  in  Horn  xix. 
Cif  the  Berlin  Maps  constructed  by  Wolfer,  He  was  espei'iiilly  surjjrised  to 
find  dial,  altbougb  tho  same  region  had  heenexaniined  on  the  SSnd  of  June, 
lai  alBo  on  the  3Ut  of  July,  no  note  had  been  made  in  reference  to  the  uu- 
sairitdd  (>taf.  Breu  tbl&  turcuEustance,  however,  vraanot  considered  by  him  to 
iSkiI  QODclniive  proof  iu  favonr  of  a  proper  motion  of  the  etar,  since  it  ap- 
pMitd  to  him  not  itnproU&Ue  that  the  previous  iuvi^bility  of  the  star  might 
ifts*  from  its  light  being  variable,  having  met  with  a  great  muuy  now 
•tin  of  this  nature  in  the  course  of  his  observations.     The  application  of 
ibe  micrometer,  however,  disj^elled  all  doubts  on  this  point.     Beibre  half 
a  luMir  elqised  he  woa  enabled  to  satit^fy  himself,  by  its  change  of  position, 
thtf  the  Btar  had  a  proper  motion.     Subsetj^ueDt  observations  shewed  that 
it  vm  one  of  the  ultra-zodiaial  planets.       At  the  suggestion   of  Mr. 
i&llM),  the  pl^aet  was  named  Iris.     On  the  li^th  of  October  of  the  samo 
ym,  Mr.  Hind  discovered  a  star  of  tho  tenth  magnitude,  which  was  not 
muked  m  Hora  v.  of  the  Berlin  Haps^.     Micrometrical  measures  of  ita 
lA>«itiot],  made  after  the  lapse  of  about  three  hours  and  a  half  from  the 
Ume  when   he  firat  observed  it,  established  the  existence  of  a  proper 
Ucn.     It  proved  to  be  another  planet  of   the  same  class  with  Iris, 
John  Herschelt  having  been  invited  to  name  the  pbtnet,  conferred  on 
it  llic  appellation   of   Flora.     The  discovery  of  the    two   planets    Iris 
lad  flora  reftocU  equal  credit  on  the  assiduity  of  Mr.  Hind,  and  on  the 
ttU^tened  zeal  of   the  gantleman  under  whose  auspices  he  ha'^  been 
pnneeutiog  lus  ohserrationa.     It  is  pleoemg  to  reBact,  that  in  recent  tinier 
the  Briti^  Ulds  hftvo  famished  a  greater  number  of   examples  of   the 
ddvotioD  of  private  resoitrces  to  the  cause  of  astronomical  Bcienee  than  any 
(itli«r  country. 
The  planet  Flora  formed  the  eighth  fragment  of  the  hypothetic  planet 
Olbers  which  had  been  discovered  since  the  commencement  of  tiia 
centuiy.      Two  more  have   subsequently  been  added   Ut  this 
kwr.     One  of  them  was  di^icovered  on  the  ^rith  of  April,  18-18,  by 
llr.  GrahiLtn,  of  Mr.  Cooper's  Observatory,  Markree,   Ireland.     It  has 
nceired  the  name  of  Metis,     This  planet  ia  remarkable  for  the  near  coin- 
ctdsnoa  ol  ita  mean  moliou  with   that  of  Iris,  the  diHeronce  of  their 
pnioiiic  times  hanug  been   found  by   the   most  recent  calculations  to 
iBIOimt  only  to  five  dayis.     The  other  planet  was  discovered  at  Naples,  on 
dw  16th  of  April,  1849,  by  M.  De  Gasparis,     At  the  suggestion  of  Sig. 
Cipocei  it  has  been  called  Hygeia.      This  makes  ten  fmgments  of  the 
red  planet  which  have  been  already  recovered.     When  it  is  con- 
ri'd  that,  since  the  discovery  of  six    of  these   fragments,  an  equal 
of  years  has  not  yet  come  to  a  close,  it  may  reniujoably  be  pro- 
tlmt  a  long  period  is  not  dealined  to  elapse  before  many  more 
discoveries  wUI  be  nuide. 
When  Jupiter  is  observed   with  a  telescope   of   considerable   power, 
ere    appeur    several  obscure   belts   encompassing   his  body.      These 
lis   hav^    been   found    to  vary   iu    number,   magnitude,  and    mutual 
Jtbtaoce ;    but    for    the   most   part  three  only  are  observed,  extending 
h  parallel    directions    across  the  centre  of   the    dUk.      These    pheno- 
laeBa  escaped   the   observations   of   Galileo,   his  telescopes   not  being 


1 


nrBTORT  OP  PHTOICAID  ASTWWOHY- 

sufficiently  ]>owerfijl  to  exhibit  ihem.  According  to  Riccioli,  tBer  ww 
first  obaerved  by  Zuccbi,  nti  Italian  Jesuit*.  On  the  17ib  of  May,  1031 
that  individual  perc-eived  two  belts  on  the  disk  of  the  planet.  In  1633 
Fontana  perceived  three  beks.  In  1048,  Grimftldi  was  unable  to  perceir* 
more  tiian  two.  He  was  the  lirst  person  who  remarked  that  the  directitM 
of  the  belts  is  parallel  to  the  plane  of  Jupiter's  orbit.  In  addition  to  d]« 
belts  which  stirrouud  the  body  of  the  planet,  the  rest  of  the  suffice 
Appears  diversified  with  dusky  spots  of  an  irregular  character.  T1i«m 
tnaculse  are  generally  of  transient  duration,  but  some  which  appear  in  tlw 
vicinity  of  the  belts  are  of  a  more  permanent  nature  than  the  others;  md 
astronomers,  by  watching  from  time  to  time  their  position  on  the  disk. 
have  been  enabled  to  establish  the  interesting  fact  that  the  planet  revolves 
round  a  fised  axis.  It  is  worthy  of  remark,  that  tlie  illustrious  Keplar, 
previoiLs  to  the  invention  of  the  telescope,  had  surmised  tliat  Juj^iter 
revolves  on  an  a.\is,  and  from  a  consideration  of  the  rapid  motion  of  the 
satellites  of  the  planet  round  tbeir  primary,  compsred  with  the  bhvet 
motion  of  the  moon  round  the  earth,  he  inferred  that  the  j>eritKl  d 
rotation  is  less  than  twenty-four  hours.  This  sagat-ious  conjecnire  lias 
received  a  remarkable  confirmation  from  the  researches  of  subsequftit 
astronomers.  Hooke  appears  to  have  been  the  first  person  who  was  Id 
by  observation  to  suspect  that  Jupiter  revolves  od  an  axis.  In  the  luorjth 
of  May,  1604,  be  disuovcrfd  a  small  spot  on  the  largest  of  the  lhrr« 
belts.  In  the  course  of  two  hours,  he  found  that  it  had  moved  from  east 
to  west  about  half  the  Icneth  of  tlie  diameter  of  the  planet  f.  Withtlist 
fickleness  of  purpose  which  characterized  his  conduct  throughout  life,  he 
appears  to  have  abandoned  all  further  observations  of  the  planet,  leaving 
to  otiiers  in  this  as  in  almost  all  similar  instances,  the  glory  of  sub* 
Btentiating  the  interesting  foci;  which,  by  his  superior  acuteness,  he  wui 
enabled  first  to  foreshadow,  It  was  reserved  for  Cassini  to  prove,  beyond 
alt  doubt,  that  Jupiter  revolves  on  an  axis,  and  to  assign  with  considerable 
precision  the  period  of  i\)tation.  lu  the  month  of  July,  1065,  he  obB«r»ett 
the  planet  with  a  telescope  constnicted  by  Campanj,  the  object-glass  of 
which  had  a  focal  length  of  thirty-five  French  feet.  He  discovered* 
great  number  of  spots  on  the  disk,  some  of  which  were  brighter  than  the 
rest  of  the  surface,  resembling  in  this  respect  tho  solar  faculre.  Tlwj 
all  appeared  to  have  a  motion  on  the  disk  from  east  to  west,  but  in  er&ij 
instance  they  exhiliited  such  rapid  variations  of  form  and  magnitude,  th«[ 
no  certain  result  could  be  deduced  from  them.  At  length  he  discoTerc4 
a  permanent  spot  situated  close  to  tlie  noi-them  border  of  the  m<fi^ 
aoutbem  of  the  three  belts,  which  he  continued  to  observe  for  sev<3?«l 
months.  It  appeared  largest  on  the  centre  of  the  disk,  from  which  it 
graduHlly  diminislied  until,  before  reaching  the  margin,  it  became  invisiWe, 
Its  motion  also  was  swifter  on  the  centre  of  the  disk  than  towards  tb« 
circumference.  From  these  facts  Cassini  concluded  that  the  spot  adhcrte 
to  the  surface  of  the  planet,  and  that  the  latter  consequently  revolves  oi 
an  axis.      With  respect  to  the  time  in  which  it  effected  a  complet 


Almajf.  Nov,  tome  f,,  p.  486,     Dr,  Moll,  of  Ulrecht,  in  his  tnteresting  accoupt  i 
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be    found    that  the    belts  generally  preseiitod  a  veiy  altered 

ice  after  the  lapse  of  five  houra.     It  fullowed,  therefore,  that  tha 

of  roi&tiou  wa;9  somewhere  about  ten  hours.     In  order  to  arrive  at 

trtsoll  of  greater  precision,  he  watched  the  motion  of  the  spot  which 

ipyfurrd  near  the  southern  helt,  aud  he  found  that  it  retunii&d  to  tlie 

wme  posttioo  on  the  di^k  exactly  in  1:^^  0*^  4°".       Diiriug  thi^  lapse  of 

time  it  hajd  effected    twerttj'nhie  complete  rotations,  con^^eq^eutlj  the 

penod  of  a  single  rotation  "was  9''  50"*.     Cassini  attempted  on  sulinequent 

flWMOiw  to  determine  the  time  of  rotation,  but  the  resultii  obtained  by 

Ua  did  not  exhibit  so  exact  an  nccordatice  with  enoh    other  an  was 

fcsieaWe.     It  appeared,  from  thiH  circumstance,  impossible  to  wiilihold 

the  ocmelusion  that  the  spots,  besides  pai'ticipatiug  in  the  rotatory  motiou 

«f  tbe  planet,  had  also  a  proper  motion  on  his  surfuee.     The  iiccurate 

ahMrmtionSi  of  Bir  Wilham  Herschel  lead  to  a  similar  conduction.     That 

Shastrious  astronomer  carefully  watched  the  spots  of  the  planet  in  the 

j«««  I  <T8-T^.  but  the  various  results  at  which  he  nmved  relative  to  the 

tiBfl  of   rotation  tluctuated  between  0"  SS*^  4*>»  and  0"^  511"*  4H» ;    the 

liiiiHlftiiLi-.  therefore,  amounted,  in  some  instances,  to  4^  5'-i',  a  quantity 

too  great  by   far  to  he   ascribabie   wholly  to   errors   of  ohsen-alion  *. 

Bdlineter  experienced  E>imilnr  Anomalies,  in  the  cQume  of  hie  attempt  to 

detBmiine  tho  rotatinn  of  the  planet.     He  concluded,  from  bis  observations, 

tbst  the  most  prukible  value  of  the  period  of  rotation  is  ft^  5S™  33'.fi,  In 

rears  1 83 1-5,  Mr.  Airy  made  observations  on  the  planet,  at  Cambridge, 

die  purpose  of  dotermiuingthe  time  of  rotation.     He  perceived  a  dark 

hclow  the  apparent  lower  belt,  which  seemed'  to  him  to  he  well  adapted 

auahlishing  this  [joint.     His  observations  comprehended  2'*!f>  rotations, 

D&encbig  December  16,  1n31,  and  terminaiiug  Marr-li  11),  1835.     The 

fnoi  of  rouition  was  found  by  means  of  them  to  be  5*'>  55™  il*.B|.     Mr, 

!^  considers  that  the  probable  error  of  tliia  result  does  not  exceed 

iwieconds. 

Bince  Jtimter  revolver  round  an  axis,  it  might  be  expected  that  his 
inat  would  he  flattened  at  the  poles  ;  and  further,  it  might  he  inferred, 
ha  bis  immense  magnitude  and  the  rapidity  of  his  rotation,  that  tho 
ling  would  exceed  thiit  of  tho  ten'estrial  spheroid.  The  results  of 
ion  have  been  found  to  accurd  with  both  these  conclusions.  In 
li  remarked  that  Jupiter  appeai'ed  to  him  to  have  au  ovtJ 
The  greater  diameter  extended  east  and  west,  and  it  seemed  to  him 
li  tscoed  the  diameter  at  right  angles  to  it  by  about  a  tifteenth  j>art  2. 
Tie  remark  of  that  illuiitrious  astronomer  was  soon  confirnied  by  the 
tWnrRiioos  of  La  Hire,  Roemer,  and  Picard.  Tlie  fn"st  determination 
rf  ihe  ellipticity  of  the  planet  by  careful  measurement  is  due  to  Pound, 
'Iwie  results  assign  to  it  a  mean  value  equal  to  -f^ljj  h  In  the  present  day 
li-Strure  hais  found,  by  means  of  micrometrical  measurements  made  with 
iPnnnbofet'a  great  refractor,  that  the  appareut  magnitude  of  the  equa- 
*aul  diameter,  as  seen  from  the  sun,  nt  the  tueati  diist^uice  0-^0270,  is 
l^to  Si^^.d'^T,  and  thmt  the  appareut  magnitude  of  the  polar  diameter, 
V>UKsuiie  distance,  is  equal  to  ;*5".538  [|.  These  results  give  tV-tt  ^^^ 
^  •Uipticity  of  the  platset.  We  have  seen  that  Laplace  found  from 
^wjy,  that  if  the  equatorial  axis  of  the  planet  be  represented  by  unity, 


•  W»iL  Tmu..  1781.  i  Mem.  Asl.  Soc,  vol.  i%.,  p,  5, 

*  Aa&  Htm,  Acwl.  d&  Sciences,  tomi;  ii.,  p.  130. 
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the  polar  axis  will  be  equal  to  0,9280,  In  tlhe  prcaCDt  caae,  hj  afdoptlBig 
the  same  unit  of  length,  tlie  polar  axis  will  be  found  to  be  equal  to  0,0979. 
A  mora  striking  iustauce  of  agreement  between  theory  and  observation 
could  not  bo  adduced  from  the  whole  body  of  pliyekal  science. 

The  great  distance  of  Jupiter  preveuU  the  discovery  of  ativ  pUeitomtna 
ftnalogous  to  those  which  have  rendered  the  existence  of  an  atmo^piiw* 
about  Venus  so  probable ;  nor  do  the  polar  regions  of  tlie  plaaet  exhibit 
any  changes  of  appearance  resembling  those  which  have  mndootdd  astto* 
iioiners  to  a  similar  conclusion  with  respect  to  Mara.     In  the  absenooof 
tbeso  favourable  circumstances,  the  rapid  rotation  of  the  plaoet  eomat  to 
the  aid  of  the  astronomer;  for  it  can  hardly  admit  of  doubt,  that  th«  m^ 
tense  centrifugal  force  arising  from  this  cause  is  intimately  connected  uritb 
the  formation  of  those  remarltable  bauds  which  encompass  the  equatorial 
regions  of  the  platict,  in  directions  parallel  to  each  other  and  to  the 
of  rotation.     Although,  generally,  there  appear  only  three  obscure 
on  the  disk  of  the  planet,  eoraetinies  a  greater  vftrieiy  is  peroi^plible,      In 
,1604,  Cftinpftni  |>erceived  four  dark  belts  and  two  while  ones.     In  IftOI. 
Cnasini  saw  eight  obscure  belts  on  the  disk  of  the  planet,  situate  very  cIom 
to  each  other*.     Sometimes  only  one  belt  is  visible,  and  this  is  atwvn 
the  principal  belt,  which  is  situate  on  the  northern  side  of  the  plan«t» 
equator.     On  the  other  hand,  the  whole  surface  of  the  planet  haa  ocoi- 
tjionftlly  been  seen  covered  with  bells.     On  the  IfHth  of  January,  iTlKt.Sir 
William  Hcrschel,  hariug  observed  the  planet  with  his  JO-feet  roflrclof, 
perceived  two  very  dork  belts,  divided  by  an  equatorial  zone  of  a  yellowish 
colour,  and  on  each  side  of  them  were  dark  and  bright  belts  iilt«i*M^ia§ 
and  continued  almost  to  tho  poles  f .     A  similar  appearance  wm  alio  MHl 
observed  by  Messier  I.    These  phenomena  gometiraes  undergo  T«ry  mpii 
transformations,  aiTording  thereby  a  strong  proof  tluit  tliey  owe  thar 
origin  to  the  flnetuatiug  movements  of  an  elastic  Buid  envelupina  tbt  Mj 
of  the  planet.  On  the  1 3ih  of  December,  UMHl.  (Jassini  perceived  fire  Ult» 
on  tbe  planet,  two  in  the  northern  hemisphere,  and  three  in  the  southern. 
An  hour  afterwards  there  appeared  only  the  two  hells  noarest  the  <'*iititi 
and  a  feeble  trace  of  the  rematnijig  uortheru  beU§.    The  same  asircuomftr 
frequently  M'itnessed  the  formation  of  new  belts  on  tho  phiuBl  in  tb* 
com*ao  of  one  or  two  hours  j|. 

The  dark  sfiots  on  the  disk  of  the  planet  also  afford  unequivocal  in 
tious  of  the  existence  of  an  atmosphere,  for  it  is  impossible  to  rwsontilc  th«w 
variable  velocities  with  the  suppositioti  of  their  being  jiennanent  ipo* 
adhering  to  the  surface  of  the  planet.     Oassini  found.  fri)m  his  obscrit* 
ttons,  that  the  spots  near  the  equator  of  the  planet  revolved  with  a  grea*^ 
velocity  than  those  more  distant  from  it  II,     This  fact  has  been  contlnD** 
by  the  more  recent  observationa  of  Schro6ter*      8ir  William  HeriA'* 
found  that  tho  velocity  of  a  spot  sometimw  underwent  a  very  aetidbl^ 
uhange  in  tlio  conrao  of  a  few  days.     lie  supposes  the  apota  to  b«  hg^ 
congeries  of  clouds  suspended  in  the  atmosphere  of  the  planet,  and  P^ 
uacnbas  their  movements  to  the  prevalence  of  winds  on  its  sur&Ce,  l" 
Uow  periodically  in  tlie  same  direction  **,  From  the  cireinnatance 

*  M6m,  AcaiL  6n  ^cncet,  itnae  x-,  p,  0.     fil^tncm  d'Attronotnir,  p.  400, 

+  Phil,  Tram.,  1794.  p.  SD. 

\  DvUrabre,  Atrrononue  Thwritjue  et  Pratiijuci  tome  iii-t  [».  77, 
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tfw  qiots  genemllT  assign  to  tho  planet  &  poriod  of  roUtion  less  tban  thnt 
vliicii  uppe&rs  to  be  its  raoat  probable  value,  it  may  lie  inferred  that  the 
wim!  constAHtlj  blows  in  the  mvae  direction  aa  tliat  in  which  the  planet 
mvolres  upon  its  axis,  Herscbel  found  that  a  spot,  after  its  first  appcar- 
■BM.  «mtintt«d  to  complete  its  successive  rotatitins  in  less  and  less  intor^i 
lytof  tiaaie,  affording  therehif  a  clear  indication  that  its  proper  motion 
«w  aonstantly  increasing'.  This  circumstance,  he  remarks,  may  naturally 
li  CKpliiined  by  supposing  that  a  cnnsideratile  time  necessarily  elapsos 
Mgre  the  spot  cati  acquire  the  full  velocity  of  the  wind  by  which  it  is  im- 
|dM.  It  is  evident^  from  the  amount  of  "discordance  exhibited  by  a  conj'- 
inisoo  of  the  different  periods  of  rotalicm  d<? rived  from  the  Cfiovcments  of 
Ibtfpot^.  that  the  cnrrenta  in  the  atmosphere  of  ihc  planet  must  possess 
my  considerable  velocities.  Sir  Williftm  Herachel  found,  from  his  obserra- 
tiou^  fbat  the  spots,  on  one  orcti^ion,  must  have  been  transported  through 
fl*?*!!!  tw«rnty.two  rotiitions  of  the  platiet,  Tbie  would  indicate  that  the 
.)n  the  sarface  of  the  planet  ivtis  travelling  at  the  rate  of  aomowbat 
-j.L  than  '200  miles  in  an  hour,  a  velocity  whirh,  however,  does  not  ex- 
wed  that  of  occasional  winds  on  the  aurfflce  of  the  earth.  The  nearest 
•fifffoach  to  the  velocity  of  the  wind  will  of  course  bo  indicated  by  tho 
■niUefit  period  of  rotation.  In  H)rt5J,  Coasini  observed  a  spot  near  the 
«^lor  of  the  planet,  which  performed  a  complete  rotation  in  O*"  60"*  #. 
Awamiog  (which  ia  certain  to  be  true)  that  the  period  of  the  planet's  real 
JWitton  lies  between  O*"  55*"  and  d^  50"*  f ,  this  would  indicate  that  the  cur- 
rait  in  th^  atmo&phere  of  tlie  planet  was  travelling  at  the  rate  of  about 
4Jn  miles  in  an  hour.  In  general  tho  spots  complete  their  rotations  in 
|«nada  Tarrinfj  between  9"  50"^  and  f>''  56'",  whence  it  may  be  concluded 
llal  ihe  currents  in  the  atmosphere  do  not  possess  a  velocity  exceeding 
tbe  hundredth  part  of  the  rotatory  motion  of  tho  planet. 

Although  the  spoia  on  Jupiter,  by  their  traiinient  existence  and  variablo 
nwjoo,  getierHlly  indicate  tliat  they  are  of  atmosphertc  origin,  there  are 
•m«  of «  more  permanent  character,  whose  frequent  re-appearance  in  the 
■me  poeitton  can  only  be  explained  by  9upi>oi*ing  thera  to  adhere  to  the 
*feec  of  the  planet.  The  most  reraarUable  of  these  is  the  spot  aituate 
A)»©  to  the  northern  margin  of  the  southern  belt,  by  watching  the  appa- 
Nt  motion  of  which  Cassini  originally  succeeded  in  determinhig  the 
of  the  planet's  rotation.  From  its  first  discovery  in  1665  down  to 
118,  it  raniahed  and  re-appeared  no  less  than  nine  times.  When  the 
ibsra  belt  diaoppeared,  ihe  spot  disappeared  also,  hut  the  belt  was  fre- 
ally  perceived  without  the  spot.     On  no  occasion  did  the  spot  continues 


'  Utm,  Aead.  dec  Scieocf*,  tome  x.,  p.  8.     ^i^'cAcm  d'Astronotnie,  p.  406. 

t  luptwarii,  frrtm  the  refearchcsof  Cissini,  Schroetcr,  and  Aiiry,thal  t be  period  of  rota- 
^  w  bduded  between  g*"  56™  and  S*"  55'",  I  nde  pendent  Ij-  otlbc  re*ultn  am  red  at  by  the 
t*»  l«t-tnrnti(Mied  astmnoraers,  it  i»  evident,  from  otwirvattoni  of  (he  pertnanent  »po| 
vymlty  dtKOvered  by  CaAini,  on  theoccuioni  of  ita  fucccieive  rc-appcaninces  betneen 
Hfottdiila,  tluittlie  period  of  rotation  is  sonicwhat  less  than  9^' 5^"".  In  1672,  Cassinii 
l^toeMii  iii)i,  niadc  the  period  of  rotJition  9'"  So""  50'-  in  170ft,  Muraldi  deduced  from 
''treriod  equal  lo  9**  50  '  4^",  ntid  from  ohservaliong  of  it  in  1713  he  made  Ihe  period 
MM  to  0"  ^  "•  On  the  last-mentioncd  occiLsion  he  coin^tared  Casi^ini's  origina]  obscrvo- 
■mof  the  njwt  In  1665  with  hU  own  obwrvationB  in  1713.  Assuming  the  period  of 
i*lite  to  tie  &*■  56™i  be  faiiiid  that  in  1719  the  actual  po«itir>n  nf  the  spot  wu  about  86" 
*(  t4*H)ee  of  the  compulcd  poiiition.  This  would  nflnrd  a  valuable  moans  of  detenntnin)3r 
*epen«l  of  rot  at!  ow,  if  we  could  be  BSsiired  of  the  precise  niimlwr  of  complete  rotationi 
■•lineed  between  the  obserTatiims  of  I66a  and  1713;  hut  this  i»  iin  uncertflio  diUutii, 
<t  leMwit  of  the  tna^itude  of  the  prcbable  enor  of  the  element  to  be  determined!. 
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viable  so  long  as  three  3'ears  *".  Its  disappeamnce  ]s  mrmifestly  depet 
031  the  same  cause  wbicb  determmei!i  the  divisibility  uf  ibe  beU>  Ci 
supposed  tbe  belts  to  indicate  currents  in  the  e.eaa  of  the  planets,  ima> 
logou9  to  those  ^vbich  occur  in  dijOTereut  regioQji  of  the  earth  f;  but  tJiii 
hypothesis  affords  no  explauatiou  of  the  dingy  colour  which  the  halii 
usually  exhibit.  A  more  probable  hypothesis  of  their  real  iiature  lui 
hoen  suggested  by  Sir  Wilhani  Hei-athel,  wlio  cotiddera  the  light  of 
the  bright  regions  of  tbo  planet  to  arii^e  from  deuso  accumulations  of 
vapours  euspetided  in  its  atmosphere,  while  tlie  dark  belts,  on  ihe  other 
hand,  indico-te  tlie  opaque  surface  of  the  planet,  which  possesses  ait  inferior 
power  of  refiec ting  the  solar  light,  and  admits  of  beiug  i^een  through  tbos« 
regious  of  the  atmosphere  that  are  mra  para  lively  free  of  clouds  J.  iTiiB 
hypothesis  affords  a  natuitil  expliiimtion  of  the  simultaneous  diaappes^ 
ance  of  the  southeni  belt  and  the  ttpot  adjjicent  to  it,  for  the  vapoiiw 
which  close  in  upon  each  side  of  the  belt  and  cuver  the  surface  ti  tbo 
planet  must  necessarily  aubmcrgo  the  spot  at  the  same  time,  aud  thereby 
render  it  invisible  also. 

In  a  former  jmrt  of  this  woiU,  we  have  given  a  detailed  account  of  dm 
researches  of  a^tvoBomcrs  on  the  tuotiona  of  Jupiter's  satellites.    It  ia 
remarltable  that,  down  to  the  middle  of  the  seventecuth  century,  there 
were  persona  who  refused  to  believe  that  these  bodies  actually  circulated 
romid  tlie   pliuiet.      Tu    I0B5   Cassini  announced  his  discovery  of  two 
phenomena  which  furnished  incontestable  proofs  that  tlio  satellites  con- 
formed in  this  respect  to  the  analogy  offered  by  the  niolion  of  the  ter- 
restrial satellite.      By  means  of  the  powerful  gla:sses   of  Campoui,  lli« 
succeeded  in  perceiving  the  satellites  when,  in  the  coui-se  of  their  orbiiual 
motion,  they  were  interposed  between  the  planet  and  the  earth.     Ou  such 
occasions,  they  exhibited  the  appearance  of  small  spots  on  the  disk  of  ths 
planet ,  but  he  shewed  thai,  from  their  motion  near  tlie  margiu  being 
the  satae  as  on  the  centre,  and  from  their  apparet;t  magnitudes  boing 
constant  during  the  time  they  were  visible,  they  could  not  be  attached  to 
the  surface  of  the  planet.     He  also  discovered  the  shadows  which  tbo  _ 
satelhtes  prqiected  upon  the  body  of  the  planet  while  iu  the  act  of  pos^^^flj 
between  it  and  the  sun,     Iu  order  to  convince  the  most  sceptical  of  ^^H 
real  nature  of  those  appearancea^  he  announced,  beforelmtid,  the  days  and 
the  hours  in  llie  months  of  August  and  September  of  the  year  above-meo- 
tioned,  when  the  bodies  of  the  satellites  and  also  their  dark  shadows  would 
be  seen  upon  the  disk  of  the  planet  |.     These  predictions  having  bi^en 
verified  by  obsei-vation,  no  doubt  could  henceforth  exist  in  any  mind  that 
the  satellites  revolve  round  the  planet  in  the  same  manner  as  the  moon 
revolves  round  the  earth. 

In  1707,  Maraldi  I.  discovered  that  the  fourth  satellite,  on  the  occuston 
of  passing  between  the  planet  and  the  earth,  sometimes  appeared  brighter 
than  the  planet,  while  at  other  times  it  resembled  a  black  spot  upon  the 
disk.  He  further  discovered  that  iu  the  latter  case  the  magnitude  of 
the  satellite  was  frequently  less  than  that  of  its  shadow,  which  was  at  the 
same  time  visible  on  the  disk,  although,  according  to  the  laws  of  optics,  it 

*  Fur  a  cuHout  account  of  tbe  circumstances  attending  the  luocesei ve  rc^^pewuijcM  of 
this  spot  s*e — Anc,  Mhn.  AcaiL  dcs  5ci«ric«j,tome  lu,  p.  105,  Some  x.,  pp.  1,  313;  Mfm, 
Acad,  tlen  Sciences,  I7f)8,  17K3;  also  Cassiiji's  EUjnen)  d" Astronomies  p,  403,  ct  tKj. 
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g\)i  lo  have  been  greater.     A  similar  appeamnce  was  wituessed  by  him 
171;}-     The  conclusion  he  drew  from  ir.  was,  that  there  are  dark  tracts 
gr^at  exteut  on  the  surface  of  the  satellite,  which  are  incapable  of  re- 
Ihe  light  of  tlie  sun.  It  may  be  reumrked  that  the  question  with  re- 
do the  real  nature  of  these  spots  admitted  of  two  diiitinct  explanationa. 
'Ibeeatelltte  was  supposed  to  perform  a  fomplete  rotation  on  an  axm,  m 
lliti  precise  lime  which  it  took  to  revolve  round  the  plauet,  ii  would  inva- 
niUjr  luni  the  eame  hemisphere  to  the  observer  on  the  oceaHJon  of  each 
feUMt;  and  if  ibe  spota  adhered  to  the  surface,  it  ought  always  to  exhibit 
(If,  ;'j>earaucc  on  the  thsk  of  the  planet.     Tlie  variation  of  bright- 

■^  hyfK>thesia,  indicated  that  the  spots  were  not  of  a  permajseat 
hut  were  merely  transient  phenomena,  ariaiiig  probfthly  from 
changes  occiirritif^  on  the  surfiiee  of  the  sntellile.  On  the  other 
l  if  the  motions  of  rotatioit  and  revolution  wore  not  equal,  the  satel- 
lite night  tnm  a  different  hemisphere  to  the  observer  on  the  occasion  of 
I  transit,  and  the  vttriationB  in  its  appeamnce  might  be  accounted  for  by 
rJBpposiug  that  tliere  e.vistc^d  permanent  tracts  of  great  extent  on  its  surface 
tliM^li  reflected  only  a  small  poriicin  of  the  solar  light  which  fell  upon 
liiem.  Sir  William  Herschel  has  shewn,  from  his  observations,  that  th« 
imxU  of  rotation  and  revolution  of  the  satellite  are  eq^ual,  whence  it 
iiil]oir<;  that  tiie  spots  cannot  be  permauently  attached  to  its  surface.  They 
must,  therefore,  arise  from  cbangeii  occasionally  occurring  either  on  the 
surikce  of  the  satellite  or  in  its  atmosphere.  The  other  satellites  have 
been  found  to  exhibit  appearnncea  similar  to  those  of  the  fourth*,  and  as,. 
:  '■  ■  i.'flse  of  each  of  liiein  also,  the  periods  of  rotaiion  and  revolution  are 
,  a  similar  conclusion  is  equally  applicable  to  them.  The  interesting 
hi.u  iWt  each  of  the  four  satellites  performs  a  complete  rotation  on  its  axia 
m  f\  period  equal  lo  that  of  its  revolution  round  the  planet,  was  deduced  by 
"  r  M  illiiim  Hcrfychel,  from  a  comparison  of  the  relative  quantities  of  light 
11. 1  i  by  the  satellites  in  different  parts  of  ibeir  orbits.  He  discovered 
iluit  all  the  sat^lHie?  were  subject  to  great  variations  of  brightness  in  the 
<:imi*i  of  their  revolutions  round  the  placft,  but,  liaving  carefully  watched 
tu-e  appeamnce  of  each  satellite  throughout  a  great  number  of  revolutions, 
h  iuianabty  found  that  when  it  arrived  in  the  same  position  of  its  orbit  it 
isbibited  the  isame  degree  of  brightneaaf.  The  obvious  concluajon  waa.  tlmt 
llie  rotatory  niotioa  of  each  sattdlite  was  equal  to  its  orbiturj  motion  romid 
tilt  phmet.  Tbis  curious  fact  had  been  already  established  in  the  case  of 
ikenioou  and  the  fifth  satellite  of  Saturn,  and  there  is  g(M>drea9oa  to  sup- 
pw  tbftt  it  forms  an  essential  characteristic  of  the  movements  of  all 
tfctiecondary  badiem  of  tlie  planetary  system. 
The  determination  of  the  magnitudes  of  the  satellites  has  fonned  an 
ting  object  of  research  to  astronomers,  but  it  is  attended  with 
tifficnity,  in  consequence  of  the  extreme  minuteness  of  the  bodies. 


fouHid  itial  the  lijird  fvAtelUte,  on  the  ocpo^jIors  oflla  Iranait  acroiS  iho  (Il^kof 
(jpsbibitpt]  viiriationii  BJinilar  lo  ihQBc  wbiclL  he  remarked  in  Ihe  fourtK  HotcllJto 
de*  (Sciirtc*!,  1707,  p.  193).      According  Id  that  astrononier,  Caisirii  liad 
tf  noticed  similiir  varmtions  in  nil  (he  ta>e)lite<;.     The  ohscrvatinns  of  Cusint 
ildi  iretc  cabfimied  soon  afterwards  by  tiiiTijti  of  Poupid   (PhU,  Tran»..t  1719,  p> 
lia.ncl)in)  was  the  ^nl  [ibnoa  who  dbcdi'ered  that  th*>  Kitfllitcs  arc  i>uhjtict  (u  grc&t 
of  brip^htJiCM  in  other  part^  of  their  orbits,  as  vi'cl]  ,13  in  conjunction.     He 
that  the  fourth  uitcUite  somctimeB  became  to  imatl  u  to  be  almost  mvbibia 
'■^m.Aead.  dct  Sciencet,  17)4,  j>.  32). 
t  ftit.  Tnms.,  17D7,  Part  IL,  p.  33(2,  et  seq. 
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■ad  IlieiT  immense  distaTices  from  the  earlli.     It  is  onlj  when  tiewed ' 
the  exquisite  telescopes  of  the  present  day  that  tbey  have  tinaJly  exhit 
real  Ai&k^  of  appreciable  magnitude,  and  consequently  it  was  impoisil 
oil  any  previoua  occasion  to  nscertaiD  their  apparent  diameters  liy  dil 
meaeuremcnt.     In  1731,  Marrddi  II.  attempted  to  determine  tbeir 
nitudes  by  noting  the  times  vfhicli  they  occupied  in  entering  upon  the* 
of  the  pinnet.     In  this  manner,  he  found  thnt  the  linear  diameter  of  th4 
third  fiaiellite  aniounted  to  -p!j^  of  that  of  Jupiter,  and  the  diometera  ^f  tlie 
other  three  satellites  to  about  T^J,of  tho  same  unit*.     Now  Jupiter,  ai  Ut 
mean  diatance  from   th©  §un,  appears  under   an  angle  equal  to  aft*  7. 
Hence,  according  to  Muraldi,  the  appawnt  diameters  of  Uie  8;it6llit«8. 
when  viefi^ed  at  the  eame  distance,  would  be  *^"  fur  the  third  Mtellite,  tnd 
1",M  for  the  three  others.     These  results  considerably  exceed   the  tni# 
ntngnitudca  of  the  angles  as  determined  by  micrometrical  om 
In  1738,  Whiston  gave  a  statement  of  the  miignitudf>s  of  the 
but  ho  does  not  mention  upon  what  grounds  it  is  founded.     He  e«tii 
the  third  satellite  to  be  equal  in  siste  to  the  Earth  or  Venus  i  tlie  fii 
be  equal  to  Mars  ;  the  second  to  be  somewhat  larger  than  llcrcury 
the  fourth  only  a  little  larger  than  the  Moou'l-.     Bailiy  attempted  to 
termins  tbo  magnitudes  of  the  first  three  satellites  by  noting  the  til 
>vhich  th«y  oficupied  in  entering  into  the  shadow  of  the  placet,  oi 
emerging  from  it;.    This  method  h  not  susceptible  of  great  predtion. 
consequently  the  results  obtained  by  that  astronomer  were  not  regarded 
worthy  of  any  confidence.     Liilande  subsequently  determined  the  mAn)l> 
tudo  of  the  fourth  satoUile  by  the  same  met.hod§.      Str  William  Hersditt 
determined  ihe  magnitude  of  the  second  satellite  by  noting  the  titnewluflll 
it  took  to  enter  upon  the  dii^k  of  the  planet.      Having  found,  from  obwff' 
vations  of  the  transit  which  took  place  on  the  *2fitli  of  July,  17ft4,  that  n 
interval  of  four  minutes  elapsed  between  the  instant  of  the  satellite's  r»- 
terior  contact  with  the  margin  of  the  planet,  and  that  of  its  complete  jtc»- 
jeotlon  on  the  di;>lc,  he  hence  determined  by  calculation  that  at  the  OMia. 
distance  of  Jupiter  from  the  sun  it  would  subtend  an  angle  equal  to  (y.8T|^-. 
He  did  not  attempt  to  determine  the  mngnitudes  of  the  other  satellitat  bg^ 
the  same  method  of  Hiriol  calculation,  but,  from  a  nice  estimation  of  tlie  rtH^— 
tive  magnitudes  of  the  four  bodies,  he  couolnded  that  the  thinl  ealallil^ 
is  considerably  larger  than  any  of  the  ethers:  Umt  the  first  i»  nMUIr*^ 
the  taxe  of  the  fourth  t  and  that  the  second  is  a  little  smaller  tluui  ettbvHB 
of  the  two  latter,  or  the  smallest  of  all.     Schroeter  and  Harding 
mined  the  magnitudes  of  the  four  satellites  by  means  of  obser?atioii9J 
their  Iran^iita  over  the  disk  of  the  planet.     According  to   tho  results 
which  they  arrived,  the  apparent  diameters  of  the  four  H/itelliies,  when  n$\ 
from  the  earth,  at  the  mean  distance  of  the  planet,  are  severally  I' 
0".»i70.  I".ri4:l„  and  1",074,  commencing  with  the  tirst  satellite,  and 
ccoding  in  the  order  of  their  distances  from  the  planet  ^1.     Thi*  result 
the  second  satellite  agrees  very  nearly  with  that  deduced  by  Sir  Willi 
Hersehel. 

In  IS'JG,  M.  Slnive  determined  the  magnitudes  of  tlio  mtellit^  bj 
crometric&l  Qiewuremetita  of  their  diski^  with  tho  great  Dorpat  refract 
The  fo)lawing  are  the  apparent  diameters  which  they  would  savei^ly 

•  M*tn.  Ami,  iet  SeiencH.  17S4. 

f  •'  Tlic  Lottjrftud*  dwcoTcreii  by  mean*  ot  Jupiter's  Sn!*T!il*«,"  London,  1739,  p.  T, 

J  SI»fm.  Acftd.  ill's  Spi«-Tici!*,  1771.  §   UiM.,  1774- 

Pbtl.  Trant.,  1707,  I'ltrt  (I.,  \>,  SaS^^^^^m.  A»t  Soe„  *oi. 
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Mni,  mppoeiug  them  to  be  viewed  at  the  mean  distfinco  of  the  planet 
tlie  earth  * : — 


Apparent  diametorof  Ut  Batellito 
It  11  %zn      ii 


1".015 

0  .nil 

1  .48S 
1  .373 


TheBQ  results  present  a  very  RAtisfnctcny  nccordAnce  with  those  which 
sternad  Hftrdiag  obtAined  by  a  less  direct  method.  Thej  aJso  h&nno- 
Bi»  admimbly  ^tth  the  estimntions  which  SirWilUam  Herechel  formed  of 
tlufektire  magnitudes  of  iha  four  bodies.  The  coincidence  in  the  last-men- 
twwd  instsDce  is  espccijillj  valuable,  inasmuch  eus  it  shews  tVie  degree  of 
jmfldiDce  that  may  be  placed  in  the  apperpt^  of  Herschel,  with  respect  to 
waj  delicate  points  in  the  science  of  aetronotny,  which  rest  mainly  on  the 
■ipdtj  of  iliiiE  great  observer.  From  the  above  measures  of  M<  Struve 
itiacfciy  to  infer  that  the  linear  diameters  of  the  four  satellitesti^ommenR- 
iogwich  the  first  atid  proeeedjnp  outvarda,  are  eevemlly  34ii0  mile*.  lilflO 
•flaB,  S561  milejs,  and  304(5  miles.  It  appears,  therefore,  that  the  tliird 
nteUite  exceeds  Mercury  in  nrngnitnde  Ity  a  smnU  qtiantity.  and  that  the 
Mmod  is  nhout  the  size  of  tlio  Moon.  The  first  and  fourth  satellitea  of 
aoan«  ocieupy,  in  respect  of  magnitude,  au  intermediate  position  between 
d«M  two  bodies, 

StConi,  when  viewed  with  the  telescope,  exhibit*  obscure  Imnda^  dis- 
fmd  in  pamllel  direclions  across  the  centre  of  his  disk,  nimlajfons  to 
thaie  irhich  encompass  the  body  of  Jupiter,  though  not  so  well  defined. 
Tlisge  bands  were  firat  observed  by  Dominique  Cassini,  but  they  appeared 
ioiliDt  and  uniform  that  he  was  ntiable  to  dmw  iiny  conclusions  from 
Ihwn,  In  the  year  1715,  when  the  ring  bad  totally  dJHnppeareil,  J, 
Ciasini  eianiined  the  planet  with  a  telescope  of  1 14  feet  focal  length, 
ud  pflrcetved  two  bruad  bandi;  eicRctly  paralleli  to  the  plane  of  the  ring^ 
*ing  oter  a  considerablo  portion  of  the  disk.  He  searched  in 
'  a  «f)Ot  which,  by  obgorvationa  of  its  position  at  different  intervals, 
kt  indicate  a  rotatory  motion  \  hut,  from  the  cirrii instance  of  all  the 
lites,  except  the  most  distant,  revolving  in  tho  plane  of  the  ring,  he 
»br«wdlT  suspected  that  the  planet  revolved  about  an  axis  perpendicular 
to  dmtfpUuef.  It  wna  reser^'cd  for  Sir  William  Herschel  to  establish 
Ihii  liKt  by  observation,  and  al&o  to  assign  thn  period  of  rotation.  He 
"  (ineticed  his  examination  of  the  planet  in  the  year  1775.  By  means 
Hi  pjwerful  telescopes,  he  discovered  that  the  belts  were  in  a  at&te  of 
ivsiant  change,  and  from  their  Brrtingement.  which  wais  generally  pamllel 
ihc  ring;;,  he  inferred  the  probability  of  tho  planet  revolving  round  an 
lindicnlar  to  the  plane  of  the  risip.  His  auepicion  of  a  rotatory 
WSH  confirmed  upon  finding  that  a  ppot  which  he  discovered  on  the 
I  of  June,  1780,  occupied  different  positions  of  the  disk  on  each  of  the 
Ki  following  evenings §.     On  the  11th  of  November,  1793,  having  exa- 

*  KfD.  AM.  See.,  vol.  iii.,  p.  901. 
Hto,  Acftd,  Am  Swerotw,  1715, 
ilhe  coiirw  r>f  hin  e^rHler  obscrwatictis  of  the  planet,  Sir  WiUiara  Herschel  occii- 
_    hJIt  diMKtvtred  bcl In  which  tteviarod  iensibly  in  direction  from  (he  platie  of  the  ring. 
Qmiii  HmI  fn  fom^  instj(nce«  otKiervcd  bellt  nn  ^Tujuter'*  ilijili  disponed  in  aiimitar  tnMnner, 
(Me.  Mfm.  Acad,  da  Scifftcttj,  torn,  .t.,  p.  683. )  In  the  latter  case  tliey  fier?  general  I  jr  (he 
«ni  (rf  extensive  chBii§rc-B  in  the  airanpremiTit  and  appeoTance  of  Iho  cqunluTtal 
It  it  i«ry  reuonnbk  to  >uppofe  that  thcie  anomaloUi  belts  ore  Ibc  jiuliciiliODi  of 
Ham  monn^rdit,  \ti  the  atmospheres  of  both  planet*. 
Phil.  T™».,  I71H),  Part  L.  p.  16. 
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mined    ihc   planet  wiih   Ms  seveu-feet  reflfctor,  he   perceived   a  bright 
and  uuifoi'ip  belt  situated  a  little  to  the  south  gf  the  shadow  of  ihe  ring. 
Close  to  it  vvus  a  diirker  belt,  in  which  were  two  narrow  divisions,  so  tbitt 
the  planet  appeared  to  he  encompassed  by  a  quintuple  belt,  composed  of 
three  dark  and  two  bright  belts.  By  watjchiug  the  variations  in  the  appear* 
ance  of  this  belt  he  discovered  that  the  planet  revolves  round  an  axis  per- 
pendicular to  the  pUme  of  the  ring  in  the  short  period  of  10**  10""  0\ii*. 
The  obsei"yfttions  by  means  of  which  he  arrived  at  this  interesting  concluaiou 
extended  from  Decenibei*  4,  1703,  to  January  10,  IT04,  and  included  100 
rotations  of  the  planet.     It  is  worthy  of  remark,  that  Huyghens  inferrof, 
fivtuthe  shortness  of  the  period  of  the  satellite  discovered  by  bina,  ili«ttlic 
planet  had  a  rtipid  rotation  on  an  axis.     We  have  already  mentioned  thai 
Kepler  had  prBviously  hazarded  a  Bimilar  conjecture  with  respect  to  Jupiter. 

The  diacoveiy  thnt  Saturn   is  compressed  at  the  poles,  is  also  due  U> 
Sir  William  Herschel.     In  1782,  he  determined  the  lengths  of  the  cqufr 
torial  and  polar  a.\es  of  the  planet,  by  micrometrical  measurement  with  his 
20-feet  reflector,      lie  found  the  apparent  efjuatorial  diameter  to  be 
2ii".81,  and  the  apparent  polar  diameter  to  be  tiO".fil,  whence  it  followed 
that  the  two  diameters  were  to  each  other  nearly  as  11  to  lOf.    The 
precise  ellipticity  indicated  by  these  measures  was  equal  t»  0,00045.    So 
fer  the  results  of  observation  pressented  a  satisfactory  accordance  with 
those  derived  from  mechanical  principlea,  and  Saturn  appeared  to  conform 
in   thi3  respect  to  the  analogy  of  the  other  planets.     In  1805,  however, 
the  same  astronomer  announced  the  existence  of  an  unexpected  irrega- 
larity  in  the  figure  of  the  planet.     The  equatorial  diameter  appeared  t^ 
exceed  the  jwlar,  agreeably  to  hia  previous  observations,  biit  he  now  found 
that  the  longest  diameter  occupied  an  intermediate  position  between  them, 
so  that  the  planet,  in  consequence,  exhibited  the  form  of  a  quadrangle 
with  the  four  corners  rounded  off.     He   determined  by  actual  mea^ 
ment  that  the  three  diameters  were  us  3fl,  35,  32,  and  that  the  Ion 
diameter  was  inclined  to  the  plane  of  the  equator  at  an  auyle  of  43"^  SO'jr 
The  observations  of  the  following  year  convinced  hira  that  he  had  made 
the  equatorial  diamotGr  too  short,  and  he  finally  adopted  tl(i,  35.41,  and 
32,  as  the  numbera  expressing  the  relative  lengths  of  the  three  diameters. 
By  thin  revisfd  the  anomaly  in  the  figure  of  the  planet  was  to  some  extent 
diminished.     It  is  worthy  of  remarli,  also,  that  the  ellipticity  assigned  by 
the  new  values  of  the  equatorial  and  polar  diamelei^  coincides  wjih  that 
deducible  from  the  measiu'ea  of  J78!t.     This  circumstance  is  the  more 
aatisfttctorj',  as  the  original  determination  of  the  ellipticity  by  the  illus- 
trious astronomer  has  been  found  to  accord  exactly  with  that  derived  from 
the  most  recent  mjcrometrical  measures  of  the  axes  of  the  planet  §. 

The  irregularity  in  the  figure  of  Saturn,  to  which  allusion  has  just  been 
made,  was  regarded  by  astronomers  as  an  inexplicable  anomaly  in  the 
planetary  system.     Herschel  escribed  it  to  the  attraction  of  the  ring.     It 


■  I^AV 


•   P!iil.  Trail?..  1794,  p.  G'2.     t  IbiJ.,  1790,  Part  I.,  p.  17.     t  Ibid.,  1805.  p.  280. 

§  la  every  work  wKkli  the  aulhur  bd*  seen  ponlaining  any  allusion  to  tlic  obwr?atioDf 
of  Herachelon  tbt  figure  o!  Snturn,  it  h  stated  that  the  diAiiiGtral  v^Iuea  36,  35,  and  % 
WftelUe  final  f^suLu  at  tvliicli  be  nirivcd.  The  material  revisAl  mentioned  in  Ibe  text 
■ppem  to  have  been  totally  loat  Eight  of,  allhough  nnthtnjsr  can  be  more  distinct  tluui  lb« 
language  of  the  illiutrtous  ajtrunomer  on  ihis  paint.  The  folltiwing  arc  bia  ezpiett 
wordt  on  the  occasion-. — "  The  etjusitorijl  diarneier  «f  my  last  year's  fipure  is,  however,  a 
very  little  loo  ^tiort;  it  should  have  beeti  to  the  pokr  Aiann-xet  a«  35-41  to  ^  "which  ia 
the  proportion  that  was  ascertained  in  1789,  frnin  «fhidi  I  h&ve  hitberK?  ftouod  no  icaaon  to 
depart."  (Phil.  Tfaw.,  1806,  Pan  U.»  p.  461,) 
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Jban4,  boweTer,  U|x)n  itiveatigation,  thftt  the  ting  was  not  capable  of 
ig  an  eflect  similar  to  that  indicated  hy  the  observations  of  HerscbeL 

subject  of  the  figure  of  tbe  planet,  therefore,  excited  a  lively  interest, 
owTe  especially  on  account  of  the  high  autliority  upon  which  the  alJeged 
inegularity  rested-  In  J83",2,  Bessel  resolved  to  aacertaJn  the  figure  of  the 
pknet  by  direct  meflsurement.  He  bad  been  led  to  suspect  that  the  ob- 
lemtions  of  Herschet  were  illusive^in  the  lirst  place,  because  tbey  were 
tt  Timnce  with  the  results  of  theory,  and,  in  tbe  second  place,  because 
tkty  were  made  under  unfavourable  circumstances,  the  contour  of  the 
disli  bATing  been  hi-oken  by  the  ring,  which,  in  1805,  waa  very  open. 
By  c&reful  micrometrical  measurement,  he  found  that  the  apparent  niag- 
nimde  of  the  equa.torial  diameter  of  the  planet  at  the  mean  dis^lance  from 
iJie  earth,  was  17'^(J5-i,  and  that  the  apparent  magnitude  of  tbe  polar 
dUmet^r  was  15",381*,  These  results  gave  0.(:)98017  for  tbe  ellipticity, 
m»u  tbe  suppoaition  that  tbe  figure  of  the  planet  was  an  oblate  spheroid. 
We  hare  seen  that  Hei-schcl  made  it  0.0(t04l].  The  two  results  do 
sot  therefore  differ  by  s«>  much  as  -^ ,',(-;  of  either.  In  order,  to  asoer* 
Uin  the  real  iigure  of  the  planet,  Bessel  in  the  iirst  instance  assumed 
lb«t  il  was  an  oblate  spheroid  whose  ellipticity  was  equal  to  that  indicated 
bjthe  ratio  of  tbe  two  ases,  and  having  L-akulated,  upon  this  supposition, 
tk  lengths  of  several  diameters  inclined  at  different  angles  to  the  pkne 
of  tbe  equator,  he  compared  them  with  the  corresponding  results  ob- 
t^oed  by  dlrert  measurement.  A  complete  accordance  was  found  to 
silaist  between  the  calculated  and  measured  diameters  of  the  planet,  cnn- 
»<ioeiJtly  DO  doubt  could  henceforth  exist  that  the  figure  of  the  ktter  is 
in  reality  that  of  an  oblate  spheroid.  The  foUowiug  are  the  results  at 
" '  "eh  Bessel  arrived  : — 


DHUoee  fraxn 

Hie  Equatoif. 

McuUrnl  fiiametcr. 

CalcMlited  DiJimeter. 

0^    (y 

17'M39 

17 '.053 

£i2     30 

16  .679 

J6  .777 

45       0 

16  .242 

IG  .160 

67     30 

15  .G05 

13  .607 

dO       0 

15  .332 

15  .394 

It  is  imposaible  to  contemplate  these  numbers  without  a  feeling  of 
•imiiation  of  the  theory  which  is  cjipable  of  responding  so  faithfully  to 
(iie  requirements  of  nature,  and  of  the  exquisite  skill  displayed  by  the 
illiBtrious  astronomer  who  executed  measures  so  singularly  delicate  as 
tlnjse  alinve  given  with  a  success  appareutly  so  complete. 

Sir  William  Herschel  was  induced  to  suspect  from  his  observationa 
dm  S&tura  is  surrounded  by  an  atmosphere  of  considerable  extents 
H«Tbg  assiduously  observed  the  belts  of  the  planet  during  the  period  in- 
filled between  the  years  1775  and  nW,  be  found  them  to  be  subject 
toiJMliaaiit  variations,  analogous  to  those  which  characterize  the  fluctuat- 
^  norementa  of  an  atmospheric  fluid.  The  phenotneua  observed  by 
^during  tlio  occultatioos  of  the  aatellites  were  also  favourable  to  the 
MEM  hypothesis.  He  found  in  each  instance,  that  the  satellite,  after 
■uagtipto  the  planet,  continued  to  hang  on  its  limb  for  some  time  before 

8m  «i  account  of  Bt!«sers  researi^lic^a  un  this  RubJectT  Iranslaled  fj-om  the  urigjnal 
C*^a»,in  the  CcniHiu«nnc«  det  Tetupt  for  \^^^, 
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it  actually  vaiiisbed.  Tlie  seveDth  satellite  was  observed  hj  liin 
oct^Rj^iau  to  liiigGr  in  uunttict  ^itli  the  disk  for  the  space  of  ^0  i 
This  would  give  *y  fur  t}ie  amouut  of  the  horizontal  refraedoi 
fiurfuce  of  the  plauet*.  It  would  bo  hardly  safe  to  draw  our 
uducluatoufi  from  so  miuuto  a  result.  Uerachel  did  not  foil  to  rem 
the  irradiation  of  the  plaoet  was  not  taken  into  account.  B 
ever,  discovered  otlier  pheaoraena  which  afforded  more  palpab 
cations  of  the  existence  of  a  Balumian  atmosphero.  H.6  parol 
occasional  brilliancy  in  the  surface  of  tho  planot  arouud  both  tl 
analogous  to  tbat  observed  in  the  polar  regions  of  Mars,  and  h( 
as  in  the  case  of  that  planet,  that  the  region  arouud  each  p4> 
nished  or  increased  ia  brightness,  cccording  us  it  wag  more  or 
posied  to  the  iuilueuce  of  the  solar  rstys.  In  1703,  when  the  sou 
had  heeti  long  turned  towards  the  sun,  he  perceived  that  the  whoh 
arouud  it  was  of  a  pale  whitish  colour,  far  mferior  in  brightness 
ring,  and  not  even  equal  in  this  respect  to  the  white  belts  oncon 
the  eqiutor  of  the  planet.  On  the  other  hand,  the  surface  arc 
north  pole,  which  had  been  less  exposed  to  the  solar  rays,  w^ns  of 
white  colour.  In  180B.  the  north  pole  liavingbeen  for  some  time  it 
by  the  sun,  the  region:^  around  it  had  lost  much  of  their  lustre,  b 
around  the  south  pole  appeared  to  him  to  regain  their  fonnei 
colour,  The  latter  were  now  decidedly  brighter  than  the  ec^uatoriai 
of  the  planet,  as  was  evident  from  the  appearances  they  se venal 
bited  when  viewed  with  tho  telescope.  With  a  magnifying  power 
the  uouth  polai'  regions  continued  to  appear  very  white,  while,  oa 
trary,  the  regiouti  near  the  ei^uator  oj^sumed  a  yellowish  tinge  f.  ] 
suggests  to  future  astronomers  the  prosecution  of  attentive  obsc 
of  these  interesting  phenomena,  with  the  view  of  establiehiug  a  d 
connexion  between  them  and  tlie  vicissitudes  of  the  Satumian  y 
is  manifest,  us  in  tlie  case  of  Mars,  that  such  appearances  ne 
imply  the  existence  of  an  atmosphere,  whether  they  be  supposml 
from  variations  in  the  temperature  of  the  planet,  or  from  the  flu 
movements  of  vapours  suspended  above  its  surface. 

Among  the  many  objects  which  excited  the  admiration  of  Galil 
ho  hret  turned  the  telescope  towards  the  heavens,  there  was  noi 
filled  hia  mind  with  such  astonishment  as  the  appearance  presi 
Saturn.  Writing  on  the  13th  of  November.  16 Hi,  to  Julian  de 
the  Tuscan  Ambassador  at  the  Imperial  Court,  he  oiniouTiced 
having  discovered,  to  his  great  admiration,  that  Saturn  was  not 
planet,  but  was  composed  of  three  bodies,  vvhich  almost  touol 
other,  and  constantly  maintained  the  same  relative  position, 
marked  that  the  three  bodies  were  arranged  in  the  same  stniij 
that  the  middle  body  was  the  largost,  and  ttint  the  two  others  wen 
respectively  on  the  eai^t  and  west  sides  of  it.  He  added  that,  t 
scopes  of  inferior  power,  the  planet  did  not  appear  triple,  but  exh 
oblong  form,  soujewhat  like  the  shape  of  an  olivet.  The  il 
philosopher  did  not  long  continue  hia  observations  of  the  plan* 
ho  discovertid  that  the  lateral  bodies  did  not  constantly  rel 
same  appoi'eut  maguitudcij.  In  a  letter  to  Ca$te11i,  dated  Ihe 
December,  ItllO,  he  mentioned  that,  siu^^e  the  mouth  of  July, 


•  PhiL  TniDS.,  1790,  Part  l.,n.  16. 
t  Opete  di  Galileo,  Edit.  Paa,  tom,  ji 
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kidiM  bad  b«eii  g^ually  diminisbiug,  although  they  apfwared  to  ha  im« 
■BlilMt.  both  with  mapect  to  tach  other  and  to  the  central  body*.  They 
WlllIiiJfuT  to  gittvr  less  and  less  during  the  course  of  the  two  following 
jMiB,  at  the  close  of  which  the;  iinolly  viiuiijhed  ul together,  leaving 
iba  pliiiet  quitQ  rci^uud,  like  Jupiter.  Galileo  announced  thin  mysteriotis 
iiMppeAranca  of  the  pheuometion  iii  his  third  letter  tn  Weker,  duted 
Deeember  i,  161^.  The  a^toDiBhtuent  'which  he  felt  on  the  occasion  was 
mingled  with  a  feeling  of  ftlann  lest  the  Aristotelians,  taking  advantage 
d  lus  iiiaHlitj  to  adduce  em  adequate  explanation  of  the  cause  of  disap- 
pMiuiM,  should  attempt  to  make  his  ohsen-atidns  a  subject  of  deriaioi], 
bf  tllegtttg  them  to  as.^e  been  destitute  of  any  foundation  in  natiu'e. 
"Whatl"  he  remarks,  '*  is  to  be  said  concerning  ao  strange  a  metamor- 
pboeii?    Are  the  two  leaser  iitars  coneumed  after  the  manner  of  the  eolar 

nf  Mftve  they  Tani»hed  and  suddenly  fled?  Has  Saturn  perhaps 
tred  his  own  children  ?  Or  were  the  appearances  indeed  illusion  or 
Inud,  friih  which  the  glasses  have  so  long  deceived  me,  as  well  as  many 
6tlie»»  to  whom  I  have  shewn  them  ?  Now,  perhaps,  is  the  time  eotne 
toferiYe  ihts  well  nigh  withered  hopes  of  those  who,  guided  by  more  prrj- 
imd  oontemplationa,  have  discovered  the  fallacy  of  the  new  obaervationa, 
al  demonstrated  the  utter  ini possibility  of  their  existence.  I  do  not 
knov  whftfc  to  say  in  a  case  i^o  surprising,  so  unlooked  for,  and  so  novel. 
Hwahottneea  of  the  time,  the  unexpected  nature  of  the  event,  the  weak- 
iMof  my  understanding,  and  the  fear  of  being  mistaken,  have  greatly 
eDnfonnded  me."f 

During  the  course  of  nearly  half  a  century  which  elapsed  after  the  in- 
ftution  of  the  telescope,  the  singular  vicissitudes  which  the  appendage  of 
Sattirii  underwent,  continued  to  form  an  inexplicable  enigma  to  astrono- 
ners.  The  only  real  progress  made  towards  its  explanation  consiatcd 
in  imvinj;  at  more  accurate  views  of  tSie  appearances  exhibited  br  it 
in  the  telescope  and  in  ascertaining  the  time  which  it  occupied  in 
pitting  through  the  cycle  of  its  phases.  Instruments  superior  to  those 
tf  dttileo  shewed  that  the  objects  composing  the  appendage  were  not 
maid  like  thm  other  celestial  bodies,  but  rather  resembled  two  luminous 
OvMQbi,  attached  by  their  cusps  to  the  planet,  and  forming,  as  it  were, 
dv  \mnMea  to  it.  The  conformation  of  these  handles,  or  anxtr,  waa 
Lfriii(i  to  lie  subject  to  a  slow  alteration,  which  caused  tha  ai>peanincti  of 
'ttt  planet  to  be  constantly  changing.  When  the  ans*  first  became  visible, 
ifler  the  planet  had  passed  through  its  round  form,  they  appeared  like  two 
■to  ccKtendingon  each  side  of  the  planet,  but  they  continued  gradually  to 
•ptn  out  during  the  following  seven  or  eight  years,  at  the  close  of  which  tjiey 
teia  began  to  contract,  and  after  an  equal  lapse  of  time,  vanished  entirely, 
[wien  the  plftuet  again  ai*3umed  its  round  form.  The  appendage  thoreforo 
(rapleted  the  cyde  of  its  various  appearances  in  about  tiftoen  years,  or  half 
|A«  period  of  the  planet's  revolution  round  the  sun.  It  was  reserved  for 
^oygbens  to  dtscover  tlie  trae  cause  of  thesfli  tiingular  changes.  He  first  corn  <■ 
Bucicattid  to  the  world  his  explanation  of  tliem,  under  the  form  nf  an  enigma, 
11  tract,  entitled,  "  De  Saturni  Luna  ObHervatio  Kovn/'  pttbliithiHl 
I  bathe  subsequently  gave  an  explicit  announcemtnit  or  the  real 
of  Uie  appendage  of  the  p1ftnt>t,  with  a  detailed  exposdtion  of  il« 
iWoiy,  in  A  booK  written  expressly  on  tlie  Hubject  which  appearod  in  tho 
Jttt  1059  I,    In  this  work,  bcfora  proceediug  to  explain  his  own  theory,  ho 

*  Op«re  di  GaliSea,  Edit.  P»<].,  totn.  Jl,  p.  40.  t  Ibid.,  p,  1^2. 

t  SjrBteiBK  BaturntiiQ],  4to»    llkgip,  1659. 


UBQ 


HISTOBY   OF  FHTSiaAX.  ASTBOKOMT. 


considers  the  vaiioua  hypotheses  which  Lad  been  aJvauced  by  aati 
with  a  view  to  aceount  for  tJie  appearancca  of  the  planet,  and  he  poi: 
the  insupemble  difficullies  hy  which  each  of  them  is  accompaii: 
llobervfll,  it  must  be  acknowledged,  apprcnached  more  nearly  to  the  tinl 
explanation  of  the  jiheaomeuon  thun  any  of  his  coutemporajies. 
supposed  that  \tipouiia  capable  of  reflectiug  the  rays  of  the  sun  ea»i 
from  the  torrid  regions  of  Saturn,  and,  after  attaining  a  certiuxi  eleval 
remained  in  a  slate  of  Buspension  around  his  eq^uator.  ^Vbell  they  €11 
the  whole  space  included  between  the  surface  of  the  planet  and 
region  of  their  highest  elevation,  they  caused  the  planet  to  assume 
elliptic  form.  When  they  ascended  in  less  abundance,  a  wide  space  irati 
left  between  them,  and  the  planet,  and  they  only  reflected  the  solar "' 
in  tlie  part?  that  were  densest,  which,  relatively  to  an  obsenrer  at  the 
eartli,  were  the  parts  most  remote  from  the  centre  of  the  planet.  lutha 
case  the  appendage  would  resemble  two  ansie  with  obscure  spaces  lieiween 
them.  When  no  vapours  ascended,  the  planet  would  appear  quite  round  • 
Huyghens  objected  to  this  hypothesis  that  it  made  the  exhahitioa  ((f 
vaponrij  to  dtipeud  upon  the  position  of  the  planet  in  its  orbit  (siuM  tk 
round  phase  occurred  when  the  planet  was  in  two  opposite  points  of  tlw 
ecUptie,  and  tlie  opening  of  the  anste  wus  greatest  when  it  was  about  W 
distant  from  either),  while  at  tlie  same  time  it  assigned  no  cause  wb;  the 
vapours  sh<mld  cease  in  some  pnrts  of  the  orbit,  and  in  other  parts  should 
ascend  in  great  abundance.  Witli  respect  to  the  alleged  elliptic  form  uf 
the  planetj  he  had  alrefidy  shewn  that  it  did  not  exist,  being  in  ffl£t  «t 
illusive  appeaituice  which  the  planet  assumed  wlieti  it  was  observed  with 
telegcopei^  iricapable  of  evlnbiting  the  dark  spacer  hetweea  the  ansie.  h 
was  theitifore  a  superlluous  task  to  assign  its  cause. 

Iluyghons  introduces  his  own  ex-plftuatioii  of  the  phenomenon  by  »• 
marking  that  all  the  primary  bodies  of  the  planetary  syatem,  beTond 
doubt,  revolve  about  fixed  nxea.  He  further  considers  it  to  be  established 
hy  observation,  that  the  rotatory  motion  of  eaeh  primary  h  more  rapid 
thaji  the  orbitual  motion  of  any  of  the  smaller  bodies  circulating  round  it, 
And  he  hence  concludes  that  Satuni  and  his  appendage  rcvoWe  with  ft 
rapid  velocity  round  an  axis.  In  1055,  while  he  was  engaged  in  poiid«f« 
ing  upon  this  subject,  the  planet  exliibited  aa  appearance  which  stfoo^ 

•  DelntnbTc  appear*  to  liave  t'otnmitlcd  a  sligfit  inadvedence  in  liis  acoount 
Robenal*)!  theory  ««  expUined  bv  fiuyghcns.  Tl^c  rollcming  are  the  terms  in  which  W 
naticrs  it ;— "  llobcrval  avait  iiiiagine  que  Saturne  etait  rond  conitne  les  autre*  nianetesj 
nsKS  que  de  tnn  iquaient  il  ^'iJichnppjLit  des  nfwun,  qui  demeuraient  gu^pcndues  m  cert^j 
dittancie  et  rorniaicnt  autnur  de  la  plan^te  un  cerde  qui.  vu  par  nous  obltquemeiil,  Jefii 
•e  montrer  eamnie  uiic  vllip^."—  Hiit.  Att.  Mod.,  Ionic  ti.,  p.  564,  It  witL  be  fceih 
however,  by  rcfurencc;  to  the  original,  that  Huyg'kciis  makes  no  alluMon  wiiatfiver  la  IM 
principlo  of  per^pcdtv't,  thai  u  circle  cxhUnt-i  (hti  fornr  of  an  ellipw  when  «i?«re4 
ohlitjuely  witfi  reapttl  to  Ike  visual  ray,  The  figure  which  Rooerral  ascribeii  14 
ihe  pknet  ia  »  real  not  an  a^^parent  cJiip&e,  bemg  occii£,juned  by  tlic  absence  of  vafwura  Nl 
this  polar  reg[ion-i  of  the  planet,  in  the  raiuc  manner  as  the  llatlciuug  at  the  poln  oj 
Jupiter  causes  the  di$k  of  ibnC  planet  to  fLisuinti  tJie  form  of  an  cIlipM!.  Dul  ;lltbo^gk 
the  FrL'ncli  aslronnmei'  iloesnot  appfarto  have  rec(i|rntzed(.'leartv  that  thiiopcninj^^nut  and 
closini;^  of  the  anste  might  be  explained  by  the  variable  obliquity  of  the  vaporous  foM 
with  re*ptfl  tn  the  vifual  ray,  he  very  sagaciously  conjeclurc*!,  by  thfi  aid  of  iJOnnidifrttioBJ 
idt;ntic:jkl  with  those  which  conJucted  HuyjrhenAlo  asiiuUikr  conclufion,  that  the  appMulMI 
itiutt  cnconrpats  the  planet  equally  in  everj'  (tireclinn,  Thi«  is  candidly  ack^awleclg^d  Sj 
Huj'ghens  him*etf  (See  S^jitemn  Sahirnium,  p.  4'2,  Optra  Varur,  *o1,  ii„  p.  56"^ 
There  was  a  i^oocl  d(?al  of  Initb  in  lli»b<.>rvarfi  vfews,  but  it  i»  clear  that  he  wanted  1 
vigour  of  mind  nccesAary  to  corrcet  bin  theory  by  imstitittiDg  a  close  coroparfton 
iti  re»ulti  and  the  recorded  ob^crvatioD^  of  a^itroiiDPEiers. 
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Mneted  his  attention.  The  appendage  resemblec)  twro  arms  extending 
n  the  ^me  right  liise  oti  opposite  sides  of  the  planet,  as  if  an  axis 
hid  passed  through  its  centre.  Aa  ttiG  appearance  of  this  axm  uas  coH' 
IIibUj  the  (tame,  i.vheQ  observed  from  day  to  day,  he  couclttdf>d  that  tlie 
ippnmige  i£ttist  encompass  the  planet  simikrlj  in  every  direction  so  as 
h  tMUliif  the  form  of  a  Ting;  for  it  was  manifest  that  the  rapid 
nrtldon  of  the  planet  and  its  appendage  was  incompatible  with  any  other 
nmogition.  On  the  other  hand,  if  this  be  once  admitted,  the  appendage 
tkntntij  vould  eiihihit  the  mime  appearance  ^rchatever  might  be  the 
""  BtT  of  rotjitioii.  When  he  proceeded  to  compare  the  various  ap- 
ices of  which  sxich  a  ling  !■*  s*useeptible  with  the  recorded  observa- 
of  the  phases  of  the  planet,  he  soon  foimd  tlmt  they  could  not  he 
sctled  withottt  supposing  the  plane  of  the  ring  to  be  inclined  to  the 
at  a  constant  angle^  similarly  to  tho  plane  of  the  terreatrial 
The  existence  of  the  iiiisaj  indicated  also  to  hira  that  thfi*  ring 
foot  adhere  to  the  surface  of  the  planet,  but  waa  everywhere  separated 
fim,  it  by  an  interval  of  efjual  breadth.  Assutnittg  these  particulars 
wtb  respect  to  the  ring,  he  found  that  all  the  appearances  of  the  planet 
might  lie  satisfactorily  accouuted  for  by  meana  of  such  an  appendage. 
Tbe  logogriphe  containing  his  explanation  of  the  phenonsenon  was  pub- 
lilbed  %  him  in  the  following  fomj  :^ 

tHitii  eccce  d  eeeee  g  h  iiiliii  IIU  ram  nnnnnnnnn  oooo  pp  q  n-  s  ttttt 

uuuuu 

fle  now  restored  the  letters  to  their  original  places,  when  they  stood 
Ibi:— 
'Wulo  diigitnr,  tenui  piano,  nusquam  colucrente,  ad  eclipticaminclinatn  ; 

other  words,  "the  planet  is  surrounded  by  a  slender  flat  ring, 
/where  distinct  from  its  surface,  and  inclined  to  the  ecliptic,"  Nothing 
be  more  convincing  or  beautiful  than  the  explanation  which  ihia 
affords  of  the  various  phenomena  presented  hy  the  planet.  When 
3sitian  of  the  planet  in  its  orbit  is  svich  that  tbe  plane  of  tbe  ring 
I  throngh  the  sun,  the  edge  only  of  the  ring  is  exposed  to  the  solar  rays, 
the  extent  of  the  iHumiuated  surface  being  very  small,  it  is  incapable 
'^^rodnting  a  sensible  impre^iou  on  the  visual  organ.  In  this  position, 
ma,  the  ring  is  invisible,  and  the  planet  presents  a  round  appearance,  like 
;«in  OT  full  moon.  The  ring  also  disappears  when  its  plane  jisasea 
Igh  the  earth,  for,  although  one  of  its  sides  may  then  be  illurainated  by 
1,  it  is  only  the  edge  which  is  turned  towards  the  observer.  Besides 
'  two  causes  of  disappearance,  which  are  of  a  transient  nature,  and  render 
I  ring  invisible  only  for  a  few  days  at  ninst,  there  is  a  third  cause  which 
Stnerally  continues  in  operation  during  a  longer  period  of  time,  and  pro* 
^3  &  more  lasting  effect.  When  the  planet  ia  so  situated  that  th^  plane 
*^the  ring  passes  between  the  earth  and  lije  sun,  the  unenlightened  side 
f'fthe  ritig  is  then  turned  towards  the  earth,  and  consequently  during  the 
^Mb  time  that  the  planet  is  in  this  position  (which  frequently  extends 
^■treral  months)  the  ring  will  be  invisible.  The  same  theory  aSbrda  an 
RPiiUy  aatisfiictory  aceouut  of  the  different  phases  assumed  by  the  ap- 
of  the  planet  during  the  period  of  its  visibility.  It  is  manifest 
wfetru  the  plane  of  the  ring  passes  through  the  sun,  and  when  conse- 
inly  the  ring  ceases  to  be  visible,  the  planet,  if  viewed  from  the  sun, 
Id  appear  in  the  node  of  the  ring.  When  the  planet  revolves  from 
josicjion,.  the  sun  commences  to  ascend  above  the  plane  of  the 
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ring,  and  tlie  latter  in  consequence  becomes  visible  in  ibe  form  t 
elongated  ellipse,  gradaally  opening  out  in  breadth.  The  elli] 
tinuea  to  approacli  towards  a  circular  form,  until  the  planet  has  t 
difltanc^  of  tlO''  from  the  node  of  the  ring,  when  ihe  eleTation  of 
above  the  plans  of  tho  ring  has  attained  its  maximum.  The  rin 
forth  begins  to  contract,  and  tho  same  succession  of  appearances 
Terse  order^  ■will  obviouslj  ensue,  as  the  planet  revolves  towards  I 
Bite  node,  where  the  ring  again  will  ceaso  to  be  visible.  The  i 
therefore,  completcj  the  cycle  of  its  plmses  in  a  period  equal  to  half  < 
tion  of  the  planet  round  the  stin,  or  in  about  fifLeen  years.  The  app 
will  not  be  materially  difTerent  whether  the  ring  be  viewed  from  t 
or  the  sun,  except  during  the  timo  that  the  planet  is  in  the  ri 
either  of  the  nodeg  of  the  ring.  At  each  a  juncture  the  combined 
of  the  earth  and  the  planet  may  cause  the  plane  of  the  ring  to  pi 
than  once  through  the  earth,  and  the  ring  may,  in  consequence,  diaap 
re-appear  twice,  before  its  plane  has  entirely  swept  over  the  terresti 

Huyghens  predicted  that  the  planet  would  ajfpear  round  in  th 
of  July  or  August,  167  L  Cii!?9ini,  in  fact,  found  that  the  ring  to 
appeared  towards  the  end  of  May,  in  that  year.  The  coincidence 
flciently  satisfactory,  considering  that  the  position  of  the  node  of  i 
upon  which  the  times  of  the  round  phase  of  the  planet  depends,  c 
possibly  have  been  determined  with  a  grejit  degree  of  accuracy. 

The  position  of  the  ring  ia  usually  determined  by  the  inclii 
its  plane  to  the  ecUpllc  and  the  longitude  of  iti  ascending  n 
the  plane  of  the  ring  was  pei-pendicular  to  ike  ecliptic,  tlie  rii 
appear  like  a  luminous  line  at  the  node,  and  would  theuce  ^ 
open  out,  until  it  finally  a.saumed  the  form  of  a  circle  at  a  dis 
9Q°  from  the  node.  Now  it  appeart!,  from  obsen-ation,  that  111 
aiia  of  the  ellipse,  which  tho  lomi  of  the  ring  usually  exhib: 
not  become  equal  to  the  major  a^iia,  even  when  the  opening  of  th 
greatest.  The  obvious  coticlusion,  therefore,  is  that  the  plane  of 
is  not  perpendicular  to  the  ecliptic,  but  is  inclined  to  it  at  a 
Angle.  It  is  eaay  to  shew,  from  the  principles  of  perspective,  Hi 
the  planet  is  at  a  distance  of  ^tf  from  tho  node  of  the  ring,  t! 
axis  of  the  ellipse  is  to  the  minor  axis  as  radius  to  the  sine  ot  t 
contained  between  the  plane  of  the  ring  and  tJie  visual  my.  i 
taking  intn  account  the  elevation  of  Saturn  above  the  plane nf  the 
upon  which,  to  a  certain  extent,  the  direction  of  the  visual  ray  de 
is  easy  ixi  determine  tlie  inclinatitm  of  the  plane  of  the  ring  to  the 
Huyghens  oijiginally  supposed  that  the  plane  of  the  ring  was  pj 
the  equator,  and  honco  inferred  that  its  indinatiou  to  tho  plan 
ecliptic  was  S!)"  50".  In  1606,  however.  Picard  and  himself  f 
mensurementa  made  with  a  telescope  of  21  feet  fowil  length,  the 
clitiation  was  fll°*.  This  Wiis  n  nearer  approximation  to  the  ti 
than  liny  other  which  astronomers  had  arrived  at  previous  to  t 
nioncement  of  the  present  century.  The  longitude  of  the  nod 
ring  is  determined  by  the  position  of  the  planet  relative  to  the  su 
cartli,  during  the  disappeamuce  or  reappeanvnce  of  the  ring;  for  it 
fest  that  vfhen  the  sun  or  the  earth  passes  through  the  plane  of 
the  heliocentric  longitude  of  the  planet  in  the  one  cose,  and  the  gi 
longitude-  in  the  other,  are  equal  tn  the  longitude  of  the  node  of ' 
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I  first  fixed  the  dscending  node  of  the  ring  in  153°  of  longitude, 
nf^  ID  ITO"  3*y.  Th^  elder  Mamldi  was  the  first  astronoiner 
a  complete  theory  of  the  method  for  determining  the  elements 
g.  From  ol»erTfltions  of  the  passage  of  1715,  he  found  that  the 
1  of  the  plane  of  the  ring  was  31"  *2f<',  and  that  the  longitude  of 
ling  node  was  166*  17'*.  Lalande  adopted  Maraldi's  value  of 
Ition,  and  by  means  of  ohservatiotia  of  the  passage  of  1774,  he 
'*1  the  longitude  of  the  ascending  uode  to  be  107°  5'|.  Thia 
found  to  differ  from  Mamldi's  oolj  hr  1',  taking  into  acvoant 
of  precessiob  which  be  estimated  at  49'  for  the  intenral  of  55 
;h  had  elapsed  between  1715  and  1774.  He  therefore  inferred 
©si  lion  of  the  node  of  the  ring  is  invariable.  The  researches  of 
It  Bsirottomera  hare  shewn,  however,  thai  this  Iras  an  erroneoua 
I. 

1,  when  the  ring  was  vety  open,  Bessel  measured  the  ases  of 
>,  formed  by  the  nnsfe,  and  he  nee  determined  the  inclination  of 
to  be  28*  84M.  This  evalcaiion  differed  considerahly  from 
which  had  been  hitherto  adopted  by  astronomers.  It  received 
mfirmatioc,  howeter,  from  the  subsequent  measures  of  M.  Strure. 
when  the  planet  was  at  a  distance  of  90°  from  the  node  of  the 
when,  in  consequence,  the  opening  of  the  ring  was  again  at  its 
,  that  eminent  astronomer  executed  a  series  of  micrometrical 
of  ihe  axes  of  the  ring  wi(h  Fraunhofer's  great  refractor,  and 
of  them  he  determined  the  inclination  of  the  ring  to  be  28°  G'.O. 
itimatcd  that  the  probable  error  of  this  resalt  did  wot  exceed  6'.4  J. 
lue  assigned  by  Bessel  to  the  inclination  of  the  ring  was  deduced 
sarea  ciecuted  with  a  micro  meter  attached  to  a  10 -inch  tele- 
Dollond.  At  a  subsequent  period,  havicg  obtained  possession  of 
1  helloraeter,  he  resolved  to  employ  it  in  determining  the  ele- 
ihe  ring  with  greater  precision.  In  pursuance  of  ihia  design  he 
t  great  number  of  micrometrical  measures  of  the  apparent  posi- 
e  ring  during  the  period  embraced  between  the  years  1830  and 
e  also  introduced  into  his  inve-istigation  all  the  recorded  disap- 
nnd  re-appearances  of  ibe  ring,  from  the  passage  of  the  planet 
le  node  of  the  ring  in  1701,  down  to  the  passage  of  1832.  By 
lensive  and  maaterly  treatment  of  the  subject,  he  finally  arrived 
elusion  that  the  longitude  of  the  ascending  node  of  the  ring  in 
800  was  IBfl"  B3'  H".^,  and  that  the  inclinfltion  of  its  plane  to 
e  was  28"  10'  44".7.  He  also  found  that  the  node  of  the  ring 
pon  the  plane  of  the  ecliptic  at  the  rate  of  4(r^4C'2  annual ly§. 
t  which  he  obtained  for  the  iuclination  of  the  ring  agrees  wiUi 
sed  by  M.  Struve  within  the  linoits  of  error  assigned  by  the  latter 
r.  It  may,  therefore,  be  regarded  as  the  most  accurate  deter- 
»f  that  element  which  baa  yet  been  arrived  at. 
i  Oaasini,  having  obsened  Saturn  after  his  emergence  from  tha 
le  sun,  di^overed  that  the  ring  was  di'vlded  into  two  parts  by  a 
i,  80  that  it  appeared  to  be  composed  of  two  conceutric  rings  |l 
was  confirmed  by  subsequent  nbsenations  of  the  planet  in  rlid'er- 
"  its  orbit,  from  which  it  appeared  that  the  band  was  conslanlly 
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Tisible,  ftml  tlmt  ib  pogitton  on  the  nortlierii  side  of  the  rin 
B|Hjndert  e)em-tly  Ut  its  position  on  tbfl  aonthero  side  *.  Sir  1 
Herschel,  without  being  aware  of  the  reasons  which  induced  Casi 
Iklaroldi  to  sappo9«  an  acttial  dimion  of  the  ring  iuto  two  s 
centric  rlt)^,  undertook  a  most  searching  examination  of  th 
aace  of  the  dark  bnud,  with  the  view  of  deciding  this  deli 
Various  facts  were  detected  by  thia  great  observer  which  «iS; 
equivocal  indications  of  the  duplicitv  of  the  ring.  He  foun' 
band  was  of  the  &&me  colour  a^  the  space  between  the  ring] 
planet,  and  was  equally  well  defined  on  both  its  borders, 
constantly  exhibited  the  same  breadth,  colour,  and  sharpness 
throughout  the  whole  period  of  ten  years,  during  which  he  obsei 
northern  side  of  the  ring.  The  passage  of  the  planet  throu 
descending  node  of  tlie  ring  in  I78fl  having  rendered  the  south* 
of  tlie  ring  henceforth  visible,  he  fnund  that  the  band  existed  o 
well  as  on  the  norLhem  side,  and  eichibited  similar  characteristi< 
also  perceived,  agreeably  to  the  observations  of  preceding  astro 
that  the  divisions  on  both  sides  of  the  ring  corresponded  exnctly 
other.  It  was  impossible,  therefore,  to  avoid  the  conclusion,  that  i 
hand  indicated  a  niaterial  division  of  the  ring,  and  that  in  fact,  thi 
wag  surrounded  by  tvio  concentric  rings,  separated  from  each  o 
space,  through  which  the  ^fn  heavens  were  visible f.  The 
lions  of  succeeding  astronomers  have  afforded  a  complete  confi: 
the  justneiis  of  this  conclusion.  Some  persons  have  even  a^serl 
they  have  peiTeived  a  great  number  of  concentric  dark  Tines  on  £ 
This  indication  of  the  ring  being  divided  into  numeroas  parts  wa»l 
hj  Short  and  some  of  his  con  temporaries.  In  more  recent  tiroes  I 
phenomenon  has  been  witnessed  by  De  Vico,  Enckc,  Lassel,  an 
obaervera.  Ou  the  other  hand  Sir  William  Herschel  and  M.  Sufl 
withstanding  the  high  optical  qualities  of  their  telescopes  liavel 
covered  an^-  traces  of  the  existence  of  such  a  subdivision  of  the  rin| 
The  determination  of  the  dimensions  of  the  ring  has  formed  an  i 
jng  object  of  reseai'ch  to  astronomers.  Huyghens  conckided,  f 
own  observations,  that  the  diameter  ot  the  ring  was  to  that  of  th' 
aa  0  to  4  t-  I"  IT  Id  Pound  found,  by  means  of  a  telescope  ofi 
focal  length,  that  the  two  diameters  were  as  7  to  3  §.  la  men 
times  the  micrometriciil  mea.'^urements  of  Sir  William  Herschel 
Struve  have  led  to  an  accurate  S«iowledge  of  the  magnitude  of  ih: 
dous  zone.  Tlie  following  are  the  dimensions  of  the  exterior 
nor  rings,  as  assigned  by  M,  Struve  : — 

1.  Exterior  diameter  of  the  e^tterior  ring 

U.  Inner  diameter  of  the  exterior  ring    . 

3.  Eiterior  diameter  of  the  interior  ring 

4,  Interior  diameter  of  the  interior  ring 
6,  Equatorial  diameter  of  Satnm  . 

6.  TJreadth  of  the  exterior  ring 

7.  Breadth  of  the  division  between  the  rings 

8.  Breadth  of  the  interior  ring 

9.  Distance  of  the  interior  ring  from  the  hall 
10.  Equatorial  radius  of  Saturn 
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mmsare&  are  adapted  to  the  meaQ  distance  of  the  planet  from  th« 
^autli.     We  may  fono,  an  ei^timate  of  tlie  linear  dimensions  of  the  riag 
ftota  the  fuel  that  as  object  situated  at  the  same  distance,  in  order  to  &u.h- 
augle  of  only  1",  would  require  to  have  an  absolaie  dinmeter  of 
les.     It  is  BASf  henc6  to  infer  that  the  exterior  ring  will  hme  an 
diameter  of  175,9'2h  niitt^s !     Thei  dimensions  of  the  other  parts 
ill  of  coarse  bear  a  similar  relation  to  their  apparent  magnitudes., 
Tarioos  circumstaoces  concur  to  prove  that  the  Sickness  of  the  ring  mutd 
'  v^rr  iuL-oEtsiderabte,     When  its  pkne  passes  through  the  earth  or  the 
Eltio  (on  either  of  which  occosiaus  its  edge  onlj  is  capable  of  reflecting  the 
[itltf  I8J8  to  the  observer)  it  has  been  generallj  found  to  disappetir,  tfven 
the  most  powerful  telescopes  have  been  directed  towards  it.     When 
lisabuut  to  vunish,  or  when  it  begins  to  re-appear,  after  being  fur  some 
'  i'*i)5ible,  it  re^etnhlea  an  cxcessitely-uarrow  luminous  line,  before  and 
vihich  the  satellites  are  observed  to  pa^s^  iu  the  course  of  their 
ion  round  the  primary.    Being  sometimes  apparently  situated  oa 
J,  these  bodiea  were  employed  by  Sir  William  Herschel  ns  standarda 
lof  romparison  \vherebj  to  estimate  its  tliicknessj.     On  such  occu&iona  the 
tiltllue  wnj^  invariably  found  to  project  on  the  opposite  sides  of  tlje  ring, 
wlwrtu'j?  it  followed  tliat  the  ring  could  not  be  so  thick  as  the  diauieter  of 
the  satelhte.     On  the  2',Hh  of  August,  I7B9,  (when  only  three  days  had 
riapsed  eintre  the  plane  of  the  ring  jiassed  through  the  earth.)  having  per- 
nired  the  third  satellite  upon  tUa  ring,  he  concluded  that  the  thickneb^i  of 
liiv  nog  was  not  equal  to  one-third  of  the  diameter  of  the  satellite  *.     He 
Kttimated  the  diameter  of  the  latter  to  be  lesis  than  \";  consequently  ttie 
dtycne»s  of  the  ring  did  not  subtend  au  angle  so  gieat  as  O'^'S.     If  we 
iitppose  the  planet  to  have  been  at  iia  mean  distance  from  the  sun,  this 
iwdd  indicate  a  ihicknetis  of  lifli  mile;*.     Even  the  seventh  ^att^Hite, 
ntwithstatiding  its  extreme  minuteness,  was   observed  by  Herschel  to 
project  upon  opposite  sidea  of  the  ring.     When  the  edge  of  the  ring  was 
tlnvost  completely  tunied  towards  biro,  the  satellite,  to  use  his  own  beau- 
tiful comparx:;ou,  appeared  like  n  bead  moving  upon  a  thread.     He  was  of 
tfioioii  Liiat  the  diameter  of  the  satellite  did  not  exceed  a  thousand  mileg. 
llWM  probable,  thert^fore.  that  the  ring  was  not  more  than  a  few  hundred 
Wles  in  thickness.     The  illustrious  astronomer  did  not  fail  on  this  occa- 
jioa  to  remark,  that  if  the  ring  was  suiTonnded  by  an  atmosphere,  the 
ifiuction  which  it  would  exercise  upon  the  rnys  of  light  proceeding  from 
satellite  to  the  ob?ener,  uould  cause  au  apparent  projection  of  the 
■itelhie  similar  to  that  indicated  by  observation,  even  altliough  its  dia- 
BUer  considerably  fell  short  of  the  thickness  of  the  ring.     It  appears, 
Wwer.  from  other  considerations,  that  the  projection  of  the  satellite  is 
I  r«lity  due  to  the  extreme  thinness  of  the  ring.     Schroeter,  from  obser- 
Uious  of  the  breadth  of  the  shadow  which  the  ruig  threw  upon  the  planet, 
''b«n  it  was  about  to  disup{>ear,  concluded  that  its  apparent  thickuess  at 
Ihe  mean  distance  of  the  planet  amounted  only  to  O'MaSf.     This  judi- 
,real  tbicknes  of  rather  more  than  5D0  miles-     Sir  John  Herachel 
Uie  thickness  not  to  e.itceed  the  Vialf  of  this  quantity.     He  is  of 
that  if  it  even  subtended  an  angle  of  0".(>5  the  nng  would  have 
J*eii  visible  when   the  planet  was  observed  by  hiw,  with  a  '^!0*feet  re- 
jector, on  the  29ih  of  April,  lw33;, 

*  fhil,  TnnK,  1790,  Pt,  I.,  p.  6.  t  Mem.  A*'!.  Sor,.  tol  ii.,  p.  al7, 
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"While  engaged  in  observing  the  planet  when  the  edge  of  the 
turned  towards  him,  Sir  William  Hersiehel  perceived  several  lucid  p) 
berdQceti  upou  the  ring,  the  positious  of  wMch  could  not  be  recondled 
the  actual  motion  of  any  of  the  satellites.  His  suspicion  that  the/  < 
phenomena  of  a  distinct  cbaractei'  wfts  strenglheued  hy  the  fact  that 
never  ciime  off  tba  ring  and  showed  thcmstdves  as  saiellitea.  The  q 
tion  Qccurred  to  him  whether  they  might  not  be  the  indicatious  ol 
eighth  SAtellito  revolving  between  Lho  seventh  satellite  and  tJie  pit 
By  comparing  together  the  dLSereut  positious  of  the  brightest  of  the  «[i 
he  found  that  tbey  might  be  ac-couuted  for,  hj  supposing  the  snol 
revolve  round  the  planet  in  a  period  equal  to  10*'  BS™  15'.4.  IJiit 
then  computed,  by  means  of  Kepler's  third  law,  the  distance  at  wlik 
satellttti  would  require  to  be  |ilaccd,  :n  order  that  it  miglit  aecooiplis 
uomplete  revolution  round  the  planet  in  the  same  time,  he  found  Wt 
ault  to  be  17 ".237,  This  distance  would  bring  the  satellite  precw 
upon  the  plane  of  the  ring.  It  followed,  therefore,  either  that  the  p« 
dea  of  tlie  ring  poaeeswed  sufficient  mobility  to  allow  the  satellite 
revolve  thi*ougli  them,  ur  that  the  variable  positions  of  the  lucid  protu 
lauces  arose  from  a  revolution  of  the  ring  itself  around  the  planat,  I 
tba  ring  waa  not  fluid,  but,  on  tlie  contrary,  was  composed  of  a  sub^l* 
as  Bolid  ss  the  materiak  of  the  planet  itself,  appeared  to  him  evident,  ft 
the  sharp  definition  of  its  borders,  the  brilliancy  of  the  light  reflBcled! 
it,  and  the  darkness  of  the  shadow  vihich  it  threw  upon  the  body  of 
planet.  It  was  imposi^iible,  therefore,  to  withhold  the  conclusion  that 
ring  is  endued  with  a  rotatory  motion  round  the  planet,  which  it  compli 
iu  the  short  period  of  10*'  32™'  15M*.  Tliis  result  presents  a  couip 
accordance  with  that  which  Ijiplace  deduced  about  the  same  titne,  fi 
an  investigation  of  the  mechanic^  conditions  which  ore  necessary  to  km 
the  stability  of  the  ring.  It  must  be  ackuowledged,  however,  that 
obaervalions  of  Schroeter  and  Harding,  on  the  occaisiou  of  the  disapp 
ances  of  the  ring  In  ISuS,  are  in  direct  contradiction  to  a  rotatory  IQ<Q 
of  the  ring  ahout  the  planet.  These  astronomers  observed  several  |i 
points  upon  tlte  ring  which  continued  inimovable  during  a  pericM 
eight  hourb.  When  watched  also  from  night  to  night,  the  points  veti 
ways  found  lo  retaiu  the  same  position  f.  A  similar  objection  to 
rolaiioii  of  the  riiif^  has  been  indicated  by  the  observations  of  Prof.  B 
of  Cumbridgc,  U.S.,  on  die  occasion  of  the  diijuppeurance  of  the  rin 
18-18  {,  Another  fact  liaa  been  es^tablished  t>y  the  objijervatious  of  aatr 
mars  which,  although  essentially  espticuble  by  the  principles  of  mech 
cal  icience,  is  accompanied  hy  a  phenomenon  totally  at  varianc43  with 
supposition  of  a  rotatory  motion  of  the  ring.  In  IBiiS  M.  Strnvo  ft 
that  tb«  ring  ici  not  conoenincally  situale  with  respet-t  to  the  planet, 
appeared  frum  oiicrometnL'al  n]ca:>ureuient»,  that  the  diistanee  of  the  « 
edge  of  the  ring  from  the  body  of  the  planet  was  equwl  to  1 1 ".'488  oB 
east  side  of  the  planet,  and  only  to  ir',U73  on  the  west  bide.  The 
waa,  therefore,  tiearcr  to  the  west  tide  of  the  planet  than  it  w»9  to  the 
side  by  O'^iilB  §.  That  the  ring  should  revolve  ecceutj'ically  with  rei 
to  tlte  planet,  is  a  condition  which  accords  admirably  with  the  pHncj 
upon  which  its  conservation  depends ;  but  the  fact  of  iia  invarjabty 
viatiiig  towards  the  samf  side  of  the  pluHot  cannot  be  reoonoileU  with 

•  Phil,  Tram..  1790,  Pi.  It.,  p,  480,  f  ConpbifMaco  dea  Tioip^, 

t  Monih.  Proc.  AaU  Sot,  December,  J 349. 
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of  a  revolution  of  any  kind  nhatever.  Lastly,  there  19  ft 
attending  tht  disappearance'^  and  re-ajipeamnces  of  tbe  imam 
la  unfavourable  Ut  the  exialence  of  a  rotatory  motion  of  tbe  ring, 
b  has  been  frequently  found  on  such  ooc^siona  thai  one  ansa  alone  was 
laiUe,  and  in  hy  (^  the  greater  number  of  cases  this  was  the  weatem 
flHL  It  is  difiicuU  to  recuucile  this  fact  with  the  rapid  rotatiun  assigued 
M  die  ling  1  ,1,  since,  upon  the  supp^r^ilion  of  such  a  movement, 

acBOipletft  is i-u  uught  oouiitaiitly  to  take  place  in  the  appearance  of 

Ai»ans0  at  the  cloae  of  ereiy  live  Leura^  There  are,  indeed,  tiame  obser- 
Mtnna  of  this  kind,  such  as  those  of  Caasiui  and  Mamldi  to  be  noticed 
mieotly,  which  positively  favour  the  hypothests  of  a  rotatory  motion  of 
panng.  The  interesting  observations  of  the  llev.  W.  li  Dawes,  on  ih« 
ttcuion  of  the  passage  of  the  plane  of  the  ring  acrosi  the  terreatrial  orbit, 
in  184S-Q,  al^o  lead  unequivocally  to  the  same  concluiiiou.  The  rotatjoti 
of  the  ring  can  hardly,  therefore,  admit  of  any  doubt,  although  there  are 
suae  dtfliculties  attending  the  subject  which  lemain  to  be  explained. 

Sir  William  Herschel  hr^t  remarked  that  the  light  of  the  ring  is  brighter 
thau  that  of  the  planet  With  a  high  magiiifying  power  the  light  of  the 
fitwt  Maumeti  «  yellowish  tinge,  while  that  of  the  riug  gtill  coutiuued 
^te  *.  hy  means  of  the  superior  hriUiaucy  of  the  ring  ha  was  enabled 
tB  teicd  it  in  tho!99  parte  where  it  crossed  the  luminous  disk  of  the 
ykMtf.  It  has  been  already  mentioued  that  Casstui  found  the  interior 
Aug  lA  be  brighter  than  the  exterior  ring.  He  compared  the  diiTerenco 
Wipeen  the  two  rings  iu  brighiueaa  to  that  which  subsists  betweeu 
ftUfihcd  and  unpolished  ssilvtr|.  The  oLservationy  of  succeeding  satro- 
Adaie»  lead  to  a  similar  coui:lusion>     Bir  Wdliam  lierschel  diacovered 

tthe  interior  ring  gradually  diminishes  in  brightuetijj  towai'ds  the  inner 
,  tbe  light  of  which,  at^cordiug  to  him.  doesj  not  cuceed  in  intensity 
of  the  dark  eiiuatorial  belts  of  the  pknet  §.     A  simibr  remark  has 
bwn  made  by  M.  Struve.  who  considers  that  the  inner  edge  uf  the  interior 
>itg  is  less  sharply  de6ued  and  less  regular  in  its  construction  Uiau  tho 
tfUa  «dg<»l{.      In  all  cuhnitutiutis  relative  to  the  disappeamnce  and  re- 
lyarfttico  of  the  ring,  ic  has  boen  assumed  by  astronomers^   that  tho 
l^endage  of  tlie  planet  la  regular  iu  its  construction,  and  that  it  is 
kwaded  by  parallel  planes.     Observations  of  the  auste,  however,  when 
il^y  vn  about  to  disappear,  or  when  they  firj^t  begin  to  re*ftppear  after  ft 
taiod  of  invi^iibihtj',  afford  grounds  for  euapectiiig  that  the  actual  con- 
Amwtioti  of  the  riug  is   iriecooL-iluble  Mith  suuh  au  hy[)otheais.      Iu 
1G7I,  «hen  the  ring  was  about  to  disappear,  the  ansitB  were  observed  by 
Caisiiii  ti-  ciutiact  considerably.     This  circutnstance  wua  ascribed  by  him 
Ui  jr  brightness  of  the  exterior  ring  wbiuh  caused  it  to  disappear, 

iierior  ring  was  yet  visible  %.  He  remarked  also  that,  on  thd 
iOn»  one  of  the  ausce  was  purtlally  visible  when  no  trace  of  the 
Id  be  discerned,  but  he  found  that  the  visible  remnant  wm  t^ut  tU' 
■qfi  OR  th€  tam^  tid^  0/  the  piatt^t  ^*^  A  similar  phenomenon  was  wit- 
tMned  by  Miraldi.  On  the  Qth  of  October,  1714,  (six  days  previous  to 
the  fNWMge  of  the  plmie  of  the  riug  through  the  earth.)  that  astronomar 

Civ«d  that  the  axtatb  were  reduced  to  bulf  their  ordinary  dimenaions. 
eastern  ansa  appeared  also  to  bo  somewhat  broader  than  tbe  western. 


•  Phil  Ttin*.,  1790.     P».rt  L,  p.  5.  f 

t  H^  Acad,  det  ScieoceA,  tome  X.,  p.  583. 
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ligbt  reflected  from  its  obscure  aurfuce,  and  not  from  its  edge,  \ 
furtber  proved  bj  tlie  observations  of  Mr.  Dawes  duriug  the  iuleri 
tbe  earth  was  receding  from  the  plane  of  the  rtug;  for,  in  this  cufie,  \ 
became  more  and  more  distinctly  visible,  according  as  the  elevatio^l 
earth  above  l]\o  pkue  continued  to  iucreaae.  i 

With  respect  to  llie  physical  explanation  of  the  iutcresting  apti 
above  alluded  to,  Sir  William  U^erischt;!  suggested  that  it  might  an 
the  light  refltjoied  by  tlie  plaui?t  upon  the  dark  surface  of  the  rin^ 
Dawea,  however,  cousidera  that  tho  (juautity  of  light  derived  fa 
BOurcD  would  not  aufflce  to  render  tho  ring  so  distiuctly  visibly 
observatiou3  indicated,  especially  in  those  parts  tbat  were  less  i 
to  the  iHumiiiiated  hemisphere  of  the  planet.  He  propoaeB,  tbei| 
account  for  the  phenomenon,  by  iiuppoiiing  the  ring  to  be  suiroiil 
an  atmosphere  which  occasions  a  twilight  sufficieatlj  strong  to  rei 
ling  visible,  even  after  the  sun  has  descended  below  tlie  sux£ic< 
towards  the  earth.  IIo  remarks,  iu  support  of  tbh  explanati^ 
during  the  whole  period  embraced  by  his  obaervaiious,  the  depr| 
the  sun  below  the  obscure  surface  of  the  ring,  did  not  exceed  1? 
manifest,  therefore,  that  a  twilight  of  considerable  brigbtnetia.  mi^ 
even  without  tho  uecei^aity  of  asi$igniiig  a  high  degree  of  densitj 
atmosphere  of  tho  ring.  This  explanation  was  still  further  streii 
by  the  colour  of  the  ob»cure  surface  of  the  riug,  which  appeared 
Dttwes  to  have  a  mddy  tinge,  somewhat  resembling  the  appearauoi 
weijteru  sky  after  sunset*.  The  observationei  of  Jlr.  Dawes,  i 
interesting  couclutiion  winch  be  so  reasonably  drawii  from  tUetq 
support  the  assertion  of  Sir  Wiliiam  Her^chel  relative  to  the  protu 
about  the  south  pole  of  the  planet,  observed  by  him  i]i  the  yeti 
The  eslablishnmut  of  the  elliptical  hgure  of  the  placet  by  Bcaiiel,  i 
more  recently  by  the  Eov.  ilr.  Main,  of  th«  Koyal  Observatory  of 
wieh,  cannot  of  course  invalidate  the  existence  of  that  apparent  i^ 
since  the  obBcrvalioui  of  both  these  a^^trouomers  were  made  at  a  ti| 
the  atmosphere  of  the  ring  could  exerciete  no  opttoul  iuHuouce  i 
pf  the  planet  f . 


wi 


•  Granting  that  the  viiibtlit^  qf  the  ring,  when  it»  pUne  k  interposed  beiweBa| 
aX\A  ihe  Hint  \t  due  to  the  iwllijjht  occasioned  bj  a  clrcum ambient  attnotphere,  I 
tent  th«t  the  aAtwt  to  produced  will  be  greateit  wh«fn  the  auti  ia  just  deprepsed 
obacure  turfjice  of  the  ring,  aitd  the  «ftrth  at  the  saitie  tita«  ha  attained  in  in&xl 
ntino  Above  ihut  gtirrat,*^.  Prom  tbu  poaitian  ajMij^ned  to  Itie  ascending  UQdc  tii 
by  BeiBtiL,  it  is  easy  to  infer  that  this  cutidiiion  will  be  Batislied,  if  the  JMUMJ 
plant!!  through  cither  node  of  tlie  rinjf  .should  take  place  on  the  7ih  of  Jmie,  or  I 
Dpcembi-T.  A  juncture  of  Ihii  kind  oct-urred  in  the  yejur  J832;  tbc  planet  hftvl 
througli  tiic  jL^cendinj^  node  of  the  riiig  about  thi;  be^lnnitig  tif  Deceinber.  Oft 
httTill,  the  tMilight  will  be  viewed  to  lea&t  advant;ige  if  tbu  planet  tbiiuld  ptiss  ti| 
tECOnding  tiode  of  the  jjng  on  ihu  7lh  of  March,  or  throni^h  thu  descending  nq 
6th  of  iSeptGitibcr.  h  appt>ar»,  therefore,  Ihiit  the  recent  parage  of  the  planet* 
pUee  oil  the  3rti  r>f  September,  1848,  was  unfBvourabI«  fur  witnessing  ihia  f 
phenomctionh  In  fact,  at  (he  very  time  when  the  sua  was  about  to  Mcuitd  ti>  i| 
the  ohjogre  !«urface  of  the  ring,  the  CArlh  had  altnost  overtaken  the  plane  of  tq 
that  the  twilight  when  ttr&ngest  was  viewed  when  the  edge  ont^  of  tim  Kng  H 
lowsfils  the  ubt^rver.  If  ihe  planet  ilmuld  \vm  through  the  ascendmii  node  ql 
Of]  the  9th  of  September,  ot  throu;jh  thi^  descending  node  <iii  the  7th  of  Mard)* 
be  onlj  cue  brief  tiiMpijearantiu  of  the  ring;  but  as-  the  pknet  on  either  of  (itch 
will  be  iit  cottjunction  with  the  »ui),  U  will  be  invisiblcf  as  xtell  as  its  appcndag 
In  point  of  fact,  there  will  be  no  diiwpparimce  at  dl,  in  the  uruaI  seoie  uf  the  I 

f  It  is  intercttinj^  to  know  that  the  result  at  which  BcskI  Arrived,  relative  to. 
liCAi  figure  of  Saturn,  had  been  completely  verified  by  meaas  of  iimili 
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*  The  singulv  appendage  with  which  Saturn  is  furnished  has  naturally 
[Ten  me  txt  specumtioDs  respecting  its  phjeical  origin,  and  various  hjpo- 
tibiaoff.  characterized  by  more  or  less  ingenuity^  have  beeti  formed  in  con- 
oeiiOD  vilh  this  iubject.  Maupertius  supposed  the  nmteriuU  of  the  ring 
In  V.o  oooapo»ed  of  the  tail  of  a  comet,  which  bappeuiug  to  retolve  iu  tho 
vicsiiity  of  idle  plant^'t  vras  arrested  bj-  its  attractive  force,  aiut  compelled  to 
ij^jukie  as,  a  satellite  round  it.  According  to  D&  Maii'ain,  Saturn  was 
iux-uidrlj  a  body  of  much  greater  dimensions  than  it  now  is,  tho  ring  beiag 
tkt  rttidue  of  the  e<|uator  of  tho  ancient  pinnot.  BulTon  t^uppotied,  that 
tble  ilie  planet  wiui  yei  in  a  liquid  state  the  equatoriiil  parts  nere  driven 
to  ft  ooiuideniLle  diBtauce  from  its  centre  by  the  centrifugal  force  arising 
frm  Ua  rotaliotu  and  that  havitig  subsequently  become  solid  by  cooling, 
liuf  e&coBipise^d  tho  platiet  in  the  forru  of  a  ring.  Du  3ejaur  adopted 
ifattvieir  of  the  origin  of  the  ring,  but  he  further  maiutaiued  that  a  con- 
tbtMtioe  of  the  rotatory  movement  was  neceasary^  to  assure  its  con»er- 
nUoii,  He  renuirked  that  while  the  ring  was  yet  iu  a  liquid  sUte,  its 
CDtuiituent  piu-ticlea  being  ejiposed  to  the  incessant  action  of  the  planet 
kd  Aooustaiit  tendency  Lo  precipitate  tbemi^elvea  upon  its  surface.  It 
ns  Qecesaary,  therefore,  to  suppose  that  tho  ring  was  endued  ^ith  a 
Rfi&torjr  movement,  Bufljcieutly  great  to  generate  a  cetitrifugal  force 
apdble  of  counterbDJancing  tlie  gravity  of  the  planet.  He  asserted 
firniter  tliat,  as  the  attraction  of  the  planet  on  tho  more  distant  parts 
d  th$  ring  was  le^s,  while  the  cautrifugat  force,  ctetsrii  paribus,  was 
iraiter,  it  vtas  indispeusable  towards  maintaining  the  equilibrium  of  the 
tn  forces,  that  the  paru  of  the  ring^  at  different  distuuces  from  the 
omtre,  should  revolve  witli  di^erent  velocities.  He.  therefore,  eupposed 
Ikit  thf»  ring  was  formed  of  several  con  ceo  trie  solid  zones,  endued  with 
iiiiMPeot  rotaloiy  movements  roimd  the  planet,  the  velocity  of  rotation 
^ng  less  according  as  the  ^one  waa  mure  rctnote  from  the  centre  of  tlie 
fkaet.  This  very  plan^ihlti  hypothci^iii  has  been  home  out  to  a  certain 
t^ittnt  by  the  researches  of  subsequent  astronomoiii,  as  W6  have  already 
W  uccusiou  to  mentioD. 

On  the  aoib  of  ilai-cli,  1655,  when  Huygheus  was  eugnged  in  examiu- 
l£j{  Saturn  with  a  teles4--ope  of  19  feet  fucid  length  *,  wliich  he  liad  con- 

■d  with  his  own  hands,  his  attention  nas  drawn  to  a  small  star  which 
ftd  to  the  west  of  the  planet,  at  a  distance  from  it  of  about  'i\     He 
:ed  that  the  btar  was  disposed  in  the  same  right  liue  with  the  ring, 
then  resembled  a  luminous  lino  extending  on  opposite  sides  of  the 
yrnntti.     He  aUo  petM^eived  a  i>miUl  ata.r  to  the  east  of  the  planet,  which 
liw  Doariy.at  the  same  distance  from  it  with  tiie  other,  but  declined 
Betifeihly  from  the  plane  of  the  ring.     Hts  impression  was  that  the  latter 
merely  a  tiied  stiir;  but  from  its  peculiar  poaition  with  respect  to  tJie 
g,  he  susj^cted  tliat  the  star  un  the  west  side  of  tlie  planet,  iva^  a 
itelliie.     Ou  the  folloning  evening,  having  again  directed  his  telo&cope 
the  planet,  he  found  that  the  star  on  the  mv^t  bide  wa^i  removed  to 
il«  |ir«ii<ioud  distance,  while  Uie  one  on  the  west  tiide  still  rotuiued 
pwilioQ,  relative  to  the  planet  which  it  occupied,  when  he  first 
it    It  was  now  obvious  ttiat  the  former  was  a  fixed  filar  which  the 
pliusihad  left  farther  behind  in  the  courtie  of  its  rctrogrwie  motion,  while 
■^  latter  was  a  satellite  which  accompanied  its  pjunary  round  tbe  sun. 


^Mi  Mr  Main  mule  nn  the  occo&ioa  of  tlic  Last  disappearance  of  the  nn^j. 
ftw.  Am.  Sue,  vol  J!i. 
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He  found  by  a  rougli  csdrQation,  tbat  the  satellite  com  pi* 
reTolulion  in  Hi  days,  atid  tljat  its  greatest  apparent  tlisimica 
planet  was  rather  less  thmi  3'.  A  few  years  afterwards  he  fixed  ^ 
of  revolution  mcire  ftccurately  at  15"*  S3''  13^*.  A  curious  it 
made  hy  Huyghens  in  connexion  with  this  discovery,  which  slii 
lustrates  the  tenacity  with  which  the  nncient  notion 3  respectiin 
fectibility  of  the  heaveus,  and  the  havmouy  of  tuimbers,  continue 
to  minds  eveti  of  the  very  first  order.  He  asserted  that  as  t| 
and  »ateHites  were  now  equal  in  number,  and  as  the  a^grega,( 
amounted  to  twelve,  which  was  univenaally  admitted  to  be 
number,  it  was  reasonable  to  suppose  that  the  planetary  system 
plete,  and  upon  this  giou^id  he  ventured  to  predict  that  no  mord 
would  in  future  be  discovered  \.  Twelve  years  only  elapsed  whet 
covery  of  two  additional  satellites  of  ^aturo  served  to  expose  the 
a  prediction  so  unworthy  of  the  genius  of  ita  author.  Since  the 
that  discovery,  the  satellites  have  constautly  kept  in  ad  van) 
planets,  ia  respect  of  nuuaber,  until  the  present  day,  when  the  ulus 
planets  have  at  leugth  come  to  the  rescue  of  the  more  ancient  m 
the  system,  and  u  relation  of  equality  ngain  sulhiistg  between  tb 
and  satellites,  with  thii^  material  dilTerence,  however,  that  the  j 
each,  instead  of  being  only  six,  now  ainoimts  to  eighteen.  * 

The  passage  of  Satuni  through  the  node  of  his  ring  iu  101 
event  of  peculiar  intereat  to  astronomers,  inasmuch  as  it  forma 
terion  which  was  to  establish  the  truth  or  ftiUacy  of  Huyghens'J 
the  appendage  being  composed  of  a  ring  ;  and  the  appearance  of  i 
on  that  occasion  was,  in  consequence,  an  object  of  more  than  oil 
tention.  On  the  25th  of  Ootober,  ltJ71,  while  Casaini  was  ei 
observing  Saturn  with  a  teleecope  of  17  feet  focal  length,  he  p< 
small  s^tar  to  the  west  of  it^  in  a  position  which  veiy  nearly  coijol 
the  plane  of  the  ring.  Having  repeated  his  observations  on  tho' 
evenings,  he  soon  discovered  a  seiit>ible  change  iu  the  position  cA 
with  respect  to  the  other  stars  around  it.  He  continued  to  obat 
twelve  auccensive  iiighte,  at  the  close  of  wljiuh  he  established  val 
perties  of  its  motion  which  convinced  him  that  it  was  a  satel 
found  that  its  greatest  elongation  from  the  planet  exceeded  iH 
that  of  the  satellite  discovered  by  Hujgheus.  He  estimated  tl 
its  synodic  revolution  to  be  equal  in  round  numbers  to  SO  days  J .  I 
a  subsequent  occasion  instituted  a  comparison  between  observatk 
embraced  150  revolutions  of  the  j^tellite,  he  determined  the  pel 
7^  Ji^^h  4™^.  The  satellite  thus  discovered  by  Cassini  arriw 
gTe*te9t  elongation  ahiout  the  end  of  October,  HiTl.  He  coii 
observe  it  till  the  month  of  December,  when  his  lahoure  were  in 
by  unfavourable  weather,  and  when  he  afterwards  resumed  ( 
satellite  could  not  be  fouud.  Having  procured  a  new  tele^jcope  a 
focal  length,  ho  succeeded  in  rediscovering  the  satellite  on  th* 
December,  1B72  ;  but  a  few  daya  aftenvarcla  it  again  disappearf 
continued  invisible  for  some  time,  notwithstanding  thai  he  made 
persevering  eftbrts  to  obtain  a  sight  of  it.  We  shall  presently  gi) 
detailed  account  of  the  curious  property  of  tiio  satellite  which  ci| 
be  periydifully  invisible  to  the  greater  number  of  observers,         I 

•  Opem  Varia,  lorn,  ii.t  p.  Sal. 

•f  SyirttiiuB  Salumtum,  Ued. ;    Dpem  Voria,  torn,  ii.,  p,  J>aO. 

I  M^m,  Acud,  des  Scicncxs,  lonae  x.^  (>■  ^i,  ct  wfj.  ^  tbtd.,  i705,\ 
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Iril  of  Deoembi^r,  107-3,  Ca^ini.  while  engaged  in  9«amhmg 
tor  his  lost  satellite,  discovered  a  a  mall  star  neur  the  placa  where  he  ex- 
pected to  titid  it,  but  Btill  in  a  position  which  (tir.l  not  ac-cord  sui^ciently 
pdlwith  the  theory  of  the  aatellite's  motion.  This  turned  out  to  be  a 
iiellite,  revolving  nearer  the  planet  than  either  of  the  two  others, 
fileted  its  revolution  in  about  four  days  and  a.  half.  Sub^equentl/ 
deiemiined  the  period  with  greater  precision  to  be  4*  1'2**  27™.  He 
fisrotid  that  its  greatest  distance  frotn  the  planet  did  nut  amount  to 
than  a  diameter  and  two-thirds  of  tbo  nng"^. 

the  month  of  MitJtJh,  lG8-i,  Cossini  discovered  two  more  satellites  cir- 
ig  round  Saturn.  They  were  both  nearer  the  planet  than  auj  of  the 
pfeviooaly  discovered.  The  interior  of  the  two  satellites,  at  its 
gmtest  elongation,  receded  from  the  planet  to  a  distance  nieaj^uring  only 
tio4hilds  of  the  diameter  of  the  ring,  and  revolved  coinpletcily  round  it 
ioHai'*  Iflw.  The  exterior  satellite  attained  an  elonj^ation  equal  to 
e*-foiirth8  of  the  diameter  of  the  ring,  nnd  completed  its  revolution  in 
j^h  \:\m^  jt  ig  obvious  that  these  discoveries  could  not  have  bean 
without  telescopes  of  very  considerable  optical  power.  Before,  how- 
r,  any  means  Tvere  devised  of  obviating  the  effects  of  chromatic  aberra- 
tkm.  it  was  found  to  be  impossible  to  construct  refracting  telescopes  of  a 
bi^  power  without  assigning  such  an  enormous  focal  length  to  tlie  object 
fUWAii  to  render  the  instrument  totally  unmanag(?able,  Oasaini  eluded 
lliil  d^cnlty  by  setting  aside  the  tube  of  the  telescope  altogether,  and 
placing  the  object  glass  in  a  suitable  position  for  viewing  the  object  through 
A  similar  mode  of  observing  was  also  pmctised  about  the  same  time  by 
Cassini  discovered  the  two  interior  satellites  of  Saturn  with 
Lglassesof  136  and  100  feet  focal  length  ;  but  he  afterwards  succeeded 
ktti^iiig  them  with  glasses  of  FK>  and  70  feet  focal  length.   These  glaae 

constructed  by  Campani,  at  Rome.      Cassini  first  placed  thera  in  an 
etture,  which  he  had  caused  to  be  left  for  that  purpose  in  one  of  the 
P€f8  of  tlie  Eoyal  Observatory  of  Ptms  at  the  time  of  its  erection, 
this  mode  of  observing  could  not  be  conveniently  practised  at  all  alti- 
he  afterwardii  atlopted  the  expedient  of  pbicing  the  object  glasses 
imee  on  (he  top  of  a  pole,  and  at  other  times  on  a  wooden  tower 
ofgneat  height  §. 

In  order  to  diatingui«>h  the  different  satellites  from  each  other,  Cassini 
proposed  to  denominate  them  according  to  their  distances  from  the  planet, 
ihfimnermost  being  the  first  satellite,  the  one  next  to  it  the  second,  and  eo 
<nito  the  outermost  ^tellite^  which  wa,s  the  tiflh.  According  to  this  nomen- 
tlftture,  the  satellite  discovered  by  Huyghens,  although  tlie  first  in  the 
^.ftrier  &f  discovery,  was  denominated  the  fourth  satellite. 

The  reader  v-ill  not  fail  to  remark  that  the  five  satellites  of  Saturn  were 
'daenrered  at  the  times  of  the  disappearance  of  the  ring,  or  at  leaist  on  the 
["tteiims  during  which  it  assumed  the  form  of  n  luminous  line.  This  cir- 
pttunsiance  is  doubtless  to  he  ascribed  pnrtly  to  the  superior  attention  with 
[*l>ich  the  planet  was  observed  at  those  junctures,  and  partly  to  the  greater 

•  M*m,  AcJid.  dea  Scicncw.  tome  n.,  p,  5&6.  +  Ibid.,  p.  694*  et  seq. 

t  The  credit  of  first  pracli»lnj;  this  (node  of  observation  hwi  been  generally  BsrriU'J 
to  HuvEhcni,  but  Caitstni  ditlinc-llj  osterls  that  hl4  al><iervatiuTn  of  Sfttuni'i  satellileB  nere 
^&nlthftt  had  been  made  wjihout  employ inj^  the  lube  uftbe  telescope.  He  stme»  that 
*bkl4lreadvdL4iCovere4i  the  two  mierior  aatellites  in  that  mstiner  when  Huwbcnt  pub. 
'^i^  hu  *  Atr&tcopium,^  in  which  he  explains  n  method  annlogotu  to  his,  ttiaugh  much 
'*"'«  IfDubteBDiae  in  detail {Mim,  Acad,  des  Scifni'^f,  1105,  p.  23.) 

I  tUn.  Acad.  4et  Scienc^t  toma  %.,  tt,  702;  1705.  p.  ^ 
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facility  of  mnkiiig  such  discOTeries.  b  conseqiience  of  the  plftni 

then  oiseTicurabered  of  its  appendage.     Six  possftgea  of  the  planet  thr  

the  node  of  its  ring  had  occiirred  without  leading  to  anj  similar  Teftilt^, 
when  the  seventh  was  at  length  illustrated  by  Sir  William  Herschd's 
discovery  of  two  additional  satelliteB.  On  the  S8th  of  August,  iTSfl. 
having  directed  to  the  planet  his  40-feet  reflector,  which  he  had  just  com- 
pleted, that  astronomer  perceived  six  small  stars,  which,  from  their  bright 
appearftnce,  and  their  arrange raeot  in  the  plane  of  the  ring,  he  a!  onco 
suspected  to  be  all  satellites*.  The  planet  was  then  retrograding  with 
great  rapidity,  and  the  opportunity  was  therefore  fnvourahle  for  deciding 
this  point.  A  very  short  time  served  to  oourince  him  that  his  susptcion 
was  well  founded.  jVfter  tho  lapse  of  about  two  hours  aud  a  half  be  di»- 
covered,  to  lu3  great  delight,  that  the  planet  had  carried  away  all  the  sk* 
stars  from  their  original  positions.  They  proved  to  be  the  five  old  satcllitet 
of  the  planet,  and  a  sixth,  which  for  the  first  time,  had  revealed  itself  to 
mortal  eyos.  This  gatcUite  was  nearer  the  planet  than  the  innermost  of! 
first  aatijllitc  of  Cassiui,  By  a  comparison  of  his  observations,  HeT»cb«)^| 
found  that  it  completed  a  sidereal  revolution  i-otind  the  planet  in 
I*"  &**  53"^  0*.  Tiie  addition  of  this  satellite  to  the  Satumian  system  wm 
succeeded  hy  that  of  another,  which  Herschel  was  enabled,  by  means  of 
the  aarae  powerful  telescope,  to  detect  on  tlie  17th  of  the  following  month. 
He  found  this  satellite  to  revolve  still  nearer  the  planet  than  any  of  the 
others.  He  determined  the  lime  of  its  revolution  to  be  9*i*'  40"*  10*. 
According  "to  the  principle  of  nomenclature  adopted  hy  Cassini,  th6  lasl- 
mentioned  satellite  of  Herschel  should  be  denominated  the  first  satellite 
of  the  planet,  the  other  satellite  discovered  hy  that  astronomer  should  he 
denominated  the  second,  aiid  so  on,  proceeding  outwards  from  the  n1ftn«it. 
As  a  rigorous  adherence  to  tliis  principle  would  have  the  effect  of  altering 
the  designations  of  the  five  old  eaieltites,  Herschel  proposed  to  call  the 
tvro  sateUites  discovered  by  him  the  sixth  and  seventh  satellites,  counting 
inwards  with  respect  to  the  phmet.  Hence  the  seventh  satellite  is  the 
nearest  to  the  planet,  while  llie  fifth  is  the  most  remote  from  it|.  The 
two  satellites  discovered  by  Herschel  aro  visible  only  in  telescopes  of  ex- 
traordinary power.  The  seventh  satellite  wjis  estimated  by  thai  ostro- 
iionier  to  be  beyond  all  comparison  smaller  tbnn  the  sixth.  Even  in  the  40- 
feet  reflector  it  appeared  only  like  a  very  small  lucid  point  J.  On  account 
of  its  vicinity  to  the  planet,  it  is  hidden  by  the  ring  throughout  the  greater 
part  of  each  revolution.  Schroeter,  who  never  could  obtain  a  sight  of  it, 
was  induced  to  doubt  its  existence,  It  has.  however,  been  repeatedly «eeit' 
in  several  of  the  powerful  telescopes  of  the  present  day.  I 

It  will  be  readily  seen,  by  a  compjirison  either  of  the  distance*  or  tb« 
periodic  limes  of  the  gaiellitea  of  Satuni,  that  a  disproporlinnat«ily-i«d€> 
interval  exists  between  the  orbits  of  the  fourth  and  fifth  satellites,  The 
vacuity  hence  arising  has  boon  to  a  cerlolti  extent  illlcd  up  by  the  dis^M||| 

•  Phil.  Trnn*..  1790,  P*rt  T.,  p.  10.  ^^ 

t  As  an  improveraent  in  ihe  notnencblure  of  the  Saturniim  hystcin  wn  very  de«inili1e, 

Sir  ioliD  Hirrsclic]  hu  rfcentlj  proposed  to  dt'oomhiatc  itte  s&tcUitc}  aftor  tJic  TiUnian 

diviaitie*.     Tho  oani^  of  the  ievin  satulUtci,  camTnenL-Uig  witi)  the  one  mott  retaoiB 

from  the  planet,  and  proc(?eding  regularly  inwards,  are  contDined  in  the  followTog  line; 

Jafietus,  Titan,  nCea.  Diane,  Ttithy»,  Eiiceladus,  JUimas. 
This  mode  of  di^inguubtDg  ihe.  i^ntt^tlites  seems  in  a  fair  \\D,y  of  faeia^  gcticrallv  adopted. 
The  discovery  of  an  leighth  uitellit*:  has  ihown  the  a.b£o]ute  ncccuftitj  of  fouie  »uch  DC 
cinture. 
t  HerBchel,  however,  succeeded  in  teeing  it  with  his  20-feet  reflector. 
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of  It  eighth  sAtellite  of  the  planet,  on  the  Wi-Bsion  of  the  recent  passage  of 
tbepiine  of  the  ring  across  the  earth  s  orbit  This  interesting  result  ia  due 
10  the  iitdependent  labotira  of  two  astronomers,  who  aUhoagh  residing 
fn  (ffffirrrot  hemispheres,  recognized  the  satellite  on  the  veiy  same  day, 
%'  till?  lUth  of  September,  1848.  Od  the  16th  of  the  month  just  mea- 
ikrti«i.  Prof.  Bond,  of  Cambridge,  U.  8,,  while  engaged  in  ohserring  Saturn, 
peneited  a  small  elar  of  Ihe  se-yenteenlh  magnitude,  sitnatcd  nearly  in  the 
phne  of  the  ring.  On  tho  1  flth  he  diacovered  tbat  the  star  wns  retro- 
gwdinjj  with  the  planet,  whence  its  real  nature  at  once  suggested  itself  to 
^ni.  Mr.  Lftssel.  of  Starfield,  Liverpool,  arrired  at  the  dtscoverr  of  the  body 
iotlM  6^1116  manner.  He  first  obserred  it  fts  it  star  on  the  18th  of  Scp- 
tmblr,  and  on  the  following  evening  he  detected  such  indications  of  its 
w^m  «9  enabled  him  tn  establiiitb,  hejond  all  doubt,  that  it  was  a  satellite, 
T  ugh  Mr.  Bond  first  saw  the  satellite  aa  a  star,  he  discovered  its 

.'  nnly  on  the  snroe  night  with  Mr.  LnsseK  But,  indeed j 
tllbw^  either  of  these  n.stronomers  bad  discorered  tbe  satellite  f^ereral 
IwpreTious  to  the  other,  it  would  be  absurd  in  such  a  cose  to  draw  any 
dittbction  between  their  respective  merits.  Of  rourso  the  discover)*  of 
Mr.  Lnssel  was  genendly  nitnounced  throughout  Europe,  before  tbe  sur- 
ptiug  intelligence  of  Mr,  Bond's  fiinmltaneous  discovery  of  tho  satellite 
n« wafted  across  the  Atlantic ■t^.  It  is  a  curious  fact  that  Huygheus,  as  if 
tetione  for  his  nnfortuuate  prediolion  relative  to  the  secondary  platiets  on 
ifwiffler  occasion,  suggested  the  probfthility  of  a  BAtellite  revolving  in  the 
iaiemd  included  between  the  orbits  of  the  fourth  and  fifth  satellites  of 
Sttomf.  In  conformity  with  the  nomenclature  proposed  by  Sir  John 
flerscbeL,  the  new  eatellite  has  received  the  niime  of  Hyperion.  It«  period 
hu  been  estimated  to  be  *J3''  1'2^,  but  this  can  only  be  considered  a  proiri- 
"  eraloatjon. 

>nly  fact  which  has  been  established  relative  to  the  physical  constT- 

'  the  aatellitea  of  Saturn  is.  the  remarkalile  variiition  of  the  light  of 

satellite.    It  has  been  ft! ready  mentioned  that  this  saiollite  niisap- 

Boon  after  its  diffcovery  in  1071,  and  that  after  Cassini  recovered 

sij^t  of  it  in  the  following  year,  it  again  speedily  eluded  his  obaerrations. 

Itting  watched  it  thronghout  a  great  number  of  revolutions,  that  astro- 

Bmer  found  that  it  was  invariably  invisible  in  the  eastern  part  of  its 

rWt,    It  regularly  disappeared  two  or  three  dnjs  after  passing  its  superior 

^junction,  and  did  not  reappear  until  two  or  three  dnys  befoTR  its  arrival 

I  inferior  conjunction.     As  tlie  period  of  the  satellite  is  nearly  equal  to 

^diys,  it  continued  consequently  in  visible  for  altout  a  month  during  each 

solution.     Two  interesting  conclusions  were  deducible  from  tlile  fact. 

^iBlhe  first  place,  it  was  obvious  that  there  existed  estensive  tracts  on  the 

of  the   BHtellite   that  were   incapable   of  reflecting  a  sufficient 

[tuaiititj  of  the  Bolar  light  to  render  them  visible.     In  tho  second  place, 

|*i>M  ihese  dark  tracts  were  constantly  turned  towards  the  sim  when  the 

fciellite  was  in  tbe  same  part.s  of  its  orbit,  it  followed  that  the  satellite 

ptteated  Ihe  same  hemisphere  towards  the  planet,  during  esjch  synodic 


•  Mr.  LM*el  dljcoverBd  Line  ssScllite  with  a  Newtonian  reflector  of  20-frct  focaJ  length, 
•wlSl^inche*  nperture.  Prof.  Bond  pflii-tetS  it*disccvcry  with  ii  maguificeat  refracting 
'™»«'l>e,  ihe  objt'tt  i^I.tsj  of  wKitK  has  a  diameter  of  li  inches. 

t  Cum  enim  intt-r  c^trema.*  dusis,  spatiwm  arapHu*  patent  quam  prf>  dlstanliU  «ple- 
""v^i  poaaethoc  intidero  texxm  s«li!\Ut,~Cofmoiheorifs,  p.  99,  Of*ta  Varia,  torn.  U,, 
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revolution,  and  consequently  its  motion  upon  ils  bjxis  was  equ&l  to' 
motion  round  its  primary,  as  in  the  case  of  tho  earth  s  satellite. 

The  curious  discovery  of  Ca^sini,  above  refarred  to,  has  heen  Tended  h} 
the  observations  of  subsequent  astrononiera.  Sir  William  Herschel,  wiih  t 
view  to  establish  beyond  all  dotiht  the  variation  of  the  light  of  tbe  satelUt*' 
observed  it  with  the  rot}=it  scrupulous  attention  throughout  a  greAt  number  o: 
revoluiiona.  By  means  of  his  powerful  tele8caj>es,  he  was  enabled  to  per 
ceive  it  throughout  the  entire  cauree  of  its  revolution  ixrund  the  plaDPt.  bui 
he  found  that  it  conatautly  experienced  a  great  diminutiou  of  lustre  when  ii 
was  passing  through  the  eastern  half  of  its  orbit.  He  also  discovered 
by  a  nico  comparison  of  its  light  with  that  of  each  of  the  other  satellitet 
that  it  varied  much  in  hrighLtiess  throughout  each  revolution,  but  th»l  il 
always  evhibited  the  same  degree  of  brightness  when  it  appeared  in  thi 
same  part  of  its  orbit,  Tliis  interesting  fact  accords  admirably  with  tfai 
coneluaion  previouRly  suggested  by  tbe  observations  of  Caasioi,  namely, 
that  the  satellite  rotates  completely  on  an  axis  in  the  same  time  which  il 
takes  to  accomplish  its  revolution  round  the  plauet,  Herschel  concladed 
from  his  observations,  that  tho  light  of  the  eateliito  is  in  full  spleiiJour 
when  it  is  traversing  the  part  of  its  orbit  which  is  between  138'^  and  V29^ 
past  the  inferior  conjunction.  He  estimated  thnt,  m  pasi^ing  through  this 
arc,  it  does  not  full  above  one  magnitude  short  of  the  brightness  of  the 
fourth  satellite.  On  the  other  hand,  from  about  seven  degrees  past  thfl 
opposition  till  towards  the  inferior  conjunction,  it  is  not  only  less  bright 
than  the  third  Ratellite,  but  it  hardly  rivals  the  second  or  even  the  lirst, 
Upon  the  whole,  the  alteration  of  brightness  appeared  to  him  to  k 
e<{uivaleut  to  a  change  from  the  fifth  to  the  second  magnitude  *. 

On  the  evening  of  the  13th  of  March,  1781,  when  Sir  Williawi 
Herschel  was  engaged  in  examining  the  small  stars  in  the  neighboarliootl 
of  H  Geminorum,  his  attention  was  attracted  towards  a  stai-  whicli 
appeared  sensibly  larger  than  any  of  those  around  it.  Being  struck  will 
its  unusual  size,  he  instituted  a  comparison  between  it  and  two  othii 
small  stars,  and  finding  it  to  he  much  larger  than  either,  be  b6g;aD  t< 
entertain  a  suspicion  that  it  was  a  comet.  In  order  to  obtain  a  sfrongei 
assurance  on  this  point,  he  had  recourse  to  a  delicate  criterion,  by  meMU 
of  which  astronomcre  are  usually  enabled  to  distinguish  a  fixed  stw 
from  a  planet  or  comet.  The  apparent  diameters  of  both  the  fixed  stun 
and  planets  are  generally  found  to  increase  when  a  higher  magnifying 
power  is  applied  to  the  telescope  with  which  they  are  observed ;  but  then 
IS  this  essential  distinction  between  tho  two  classes  of  olyects, — thatwhih 
the  apparent  diameters  of  the  planeta  are  enlarged  in  the  exact  propor 
tion  of  the  magnifying  power,  those  of  the  fixed  stars  do  not  iucreaae  a 
so  rapid  a  rate.  At  the  same  time,  however,  the  light  of  the  plane 
becomes  fainter,  and  its  outline  appears  ill  defined;  while,  on  the  othei 
hand,  the  fixed  stars,  nnder  similar  circumstances,  retain  their  usual  ]uRtr< 
iind  distinotness.  When  Herschel  first  saw  ibe  star,  he  had  been  usiof 
a  magnifying  power  of  S'^7.  He  now  applied  to  his  telescope  (which  wai 
a  seven  feet  reflector)  magnifying  powers  of  4(iO  aud  U'i'i,  and  be  found 
agreeably  to  his  conjecture,  that  the  star  acquired  successively  a  dullei 
and  more  confused  appearaace,  and  was  in  each  case  enlarged  in  tht 
exact  proportion  of  the  maguifying  power,  while  the  stars  wth  which  hi 
compared  it,  retained  their  usual  aspect,  and  exhibited  a  less  rapid  varia 

'  Phil.  Tram.,  1702.  p.  14. 
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'  msgnitude.     Hnvlng  now  Mt  a  strong  persuasion  that  the  object 

cotuet,  lie   det-ermined,   hf  careful  eetimatiou,  its  position  with 

3p«:£  to  a  telescopic  star  near  to  it,  intending  to  make  observntiona  of 

0  the  following  evenings,  fi>r  the  purpose  of  ascertaining  whether  it 

n  proper  motion.     A  very  Lriof  lap^^e  of  time  served  to  dispel  all 

)nbt8  npoii  this  point,  the  star  having  been  found  by  him  to  be  revolving 

itk  A  slow  motion,  uccording  to  the  order  of  the  sigusi,  in  an  orbit  which 

very  little  frum  the  plane  of  the  ecliptic.      He  continued  to 

re  the  star  until  the  10th  of  April,  determining  ita  position  on  each 

'oQSttion  by  measuring,  with  a  micrometer,  its  distance  from  a  telescopiti 

rttf  oear  to  it,  and  also  its  angle  of  position  with  respect  to  the  same 

ilir.  or  in  other  words,  the  angle  contained  between  an  imaginary  line 

'paang  the  two  stars  and  the  parallel  of  declination  passing  through  the 

tikKopic  star.     He  also  evecuted  several  raicrometriral  measures  of  its 

ifpue&t  diameter.     Having  drawn  up  an  account  of  his  obaervations,  he 

awBianicated  it  to  the  Royal  Soi^iety  in  a  paper,  which  was  read  before 

ibtbody  on  the  26th  of  April,  I7Si.     In  this  paper  he  does  not  appear 

to  eDlartiiin  a  suspicion  that  the  ohject  of  his  discovery  was  any  other 

(kn  a  comet  *- 

Pr^ous  to  tTDJismitting  the  above-mentioned  communication  to  tha 

htjftl  Society,  Herschel  had  taken  aa  opportunity  of  announcing  Mb 

Novelty  to  Dr.  Maskelyne,  the  Astronomer  Royal,  who  in  his  turn  gave 

due  notice  of  it  to  the  astronomers  of  France,     Messier  commenced  his 

observations  of  the  supposed  comet  on  the  iBth  of  April,   17^1,  and  his 

ouDpl^  was   speedily  followed  by  Ltilande,   Lemonnier,  Mechaiu.  and 

D'A^et,  aa  well   as  hy  Keggio,   De   Ceaari?,    Bode,   Wargentiu,   and 

fviaiis  other  aaitrouomera  on  the  Continent.     As  i^oon  as  a  few  observa- 

tintte  of  it  were  obtained  at  Paris,  an  attempt  was  made   by  means  of 

llieai  to  determine  the  elements  of  the  parabolic  orbit  in  which  it  was 

ptQsamed  to  revolve.     A  serious  difficulty,  however,  soon  presented  itself 

to  those  engaged  in  this  enquiry.     It  wa.-*  found  that  although  a  parabola 

oi^t  be  assigned,  which  would  represent  with  tolerable  hdelity  a  limited 

ttomber  of  observations  of  the  comet,  yet  i»i  a  favf  Aiiys  afterwards,  the 

Mtionsof  the  body,  when  calculated  upon  the  same  hypothesis,  appeared 

be  totally  irreconcilable  with  the  actual  motion.     Various  attempts 

» discover  an  orbit  which  would  permawntbf  represent  the  motion  of  the 

'  'were  made  hy  Mechain,  the  Presideot  de  Saron,  Laplace,  Boscovich, 

others,  but  in  all  instances  they  proved  to  be  equally  unavailing  for 

4if  purpose.     Nor  is  their  failure  at  all  to  be  surprised  at,  for,  since  the 

juj^was  universally  supposed  to  be  a  comet,  it  was  concluded,  by  reason- 

mg  from  analogy,  tliat  the  perihelion,  at  the  utmost,  would  not  extend 

«Toad  the  orhit  of  Jupiter,  and  that  in  all  probability  it  wsis  situated  far 

fitbm  the   terrestrial   orbit  f.      The  attention   of  each   calculator   was 

berefore  constantly  directed  towards  constraining  the  body  to  move  in  an 

the  perihelion  distance  of  which,  even  upon  the  most  extravagant 

fvippogitiou,  was  Imagined  not  to  amount  to  four  times  the  radius  of  the 


'  Phil,  Trail*.,  1781.  p.  492,  et  seq. 

t  Ld  OelAtnbre^  catalogue  of  116  comets,  cotaprebendiii^  &U  the  bodies  of  this  natura 
*W>  eleoienti  have  been  ttctermiaeii  (town  to  thi^  ^cor  1BI3,  (hero  is  only  odc  corsi?!. 
^■i-llitt  of  1729,  whcHe  perihelion  distance  (4. 069B)  exceeds  four  tinjes  tW  terrestrial 
'*'"'  Theri<  are  only  tis  oomebi  m  ihe  catalugue  which,  at  ihetr  ptfrihelia,  piis»«'d 
*JwJ  fbe  orbit  of  .Man,  snd  the  whole  number  ^f  hicb  piisicd  he^una  the  earth's  ochit 
]aiDoaul  to  more  than  iwenty.three. — Ast.  Tkeor-,  ei  PfaL,  lomc  3,  p.  41 G. 
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tetrestiial  orliit,  It  was  never  suspected  all  tbe  wliile,  that  the  nearest 
distance  of  the  body  from  the  &nn  exceeded  the  aamei  standiird  of  me^im< 
meat  at  least  eigUteea  times. 

The  PreaideuC  de  Karon  appears  to  have  been  the  panon  who  thrcrv 
the  &rst  glimmeriiig  uf  light  on  this  perplexing  subject.  On  the  8ih  of 
May,  1781,  he  announced  tliat  the  comet  was  m  realltjr  much  iiioi« 
remote  from  Iho  sun  than  astronutuers  had  hitherto  supposed  it  to  b«. 
He  estimated  its  pcrlbehon  distance  to  be  equal  to  at  least  twelve  timm 
the  radius  of  the  terrestrial  orbiL  *.  This  was  an  important  snggestioo, 
for  it  had  tho  effect  of  dii'Gctiug  the  attention  of  cu(|uirerD  to  the  regioa 
of  the  heavens  in  ^vhich  the  body  was  actually  revolving.  By  adopting 
it,  the  obaervatious  were  represented  with  greater  precjaion  than  they  had 
heen  on  any  provious  hypotheaiis,  and  hopes  began  to  he  entertained  of 
arriving  at  a  detormiDation  of  the  real  orbit  of  the  body. 

The  next  step  in  the  eiiquii-y  was  made  by  Lexell,  who  happened  t»  N 
in  England  at  the  time  of  HersL-heis  diacoveiy.  In  an  account  of  ba 
researchea  wliich  he  communic^ited  to  the  Acadf^my  of  St.  Petcrebaij^ 
he  mentions  that  Dr.  Ma^ikelyne,  and  the  other  English  ustronomerd  ife 
obseni'ed  the  body,  agreed  with  him  in  supposing  that  hi  all  probabjlittU 
vaa  a  planet  f.  Variouti  circumstande^,  he  remarks,  concurred  in  saggsel- 
ing  this  view  of  its  nature.  In  tlie  first  place,  obser^'atioii  shewed  il  tj 
he  a  well-defmed  obiect,  whereas  comets  generally  hwve  a  nebidfwu 
appearance.  Again,  altjiough  very  small,  it  wa.'j  not  difficult  to  diiio«ra  a 
dlH'erencD  in  ita  light  from  thut  of  tbe  fixed  stars.  Lastly,  its  ihnr 
motion  in  latitude  (iudicatlug  that  its  indination  to  the  ecliptic  waa  v&j 
Utcousiderable),  and  itn  motion  in  tbe  zodiac  nccording  to  tbe  ifriiK 
of  the  sigus,  were  two  independent  facts  wijich  both  strongly  supportel  i 
the  hypothesis  of  its  being  a  planet,  Takuig  two  extreme  obaervotiodl 
of  the  body,  one  by  lierjjchd,  dated  March  17,  1781,  and  the  oChtr^ 
Maakelyne,  dated  May  1 L  of  the  same  year,  Lcxell  found  thit 
might  be  both  satistied  by  a  circular  orbit,  whoso  radiua  was  eqi 
ly.OS,  the  mean  diattiuca  of  tbe  earth  from  the  sun  being  Buppo^ 
to  unity.  In  tbe  month  of  June  or  July,  while  still  residing  in  ~ 
he  wrote  a  teller  to  one  of  his  friends  in  Paris^  in  which  he  stated, 
motion  of  the  body  which  formed  the  subject  of  so  muck  anxious 
gallon  might  be  represented  by  a  ciitiulor  orbit,  whose  radius  waa 
to  eighteen  times  tho  mean  distance  of  the  sun  from  the  earth 
that  time."  says  Lalaride,  '*  it  appeared  to  me  that  the  body  ought 
called  the  new  planet."  J  Lexell  soon  afterwards  found  that  on 
of  the  slow  motion  of  the  iMidy,  and  the  consequent  smallness  of 
described  by  it  within  a  Uinited  interval  of  time,  the  obaervai 
eluded  between  March  17  and  May  38  might  be  eatisfied  by  an  ii 
number  of  parubolas,  whose  perihelion  distances  varied  from  fj  to  Si 
the  radius  of  the  terrestrial  orbit.  From  this  eircumatance  it  ap^ 
evident  to  astmnomera,  thut  ujitil  tbe  planet  had  described  a  larger 
it  would  be  im|>ossible  to  arrive  at  an  accurate  knowledge  of  the  cle 
of  its  orbit. 

^yter  the  hipse  of  a  fesv  months,  when  the  motion  of  tho  phuiet 
to  be  developed  more  clearly,  its  distance  from  the  nnu,  upon  the  f 

•  MtfBi.  Acad,  dci  Science*.  1779.  p.  52fl. 
f  Not,  Act.  AciJ,  I'etfop.,  torn.  i..  p.  GO.  et  ^eq. 

4:  "  Doi  bra  iJ  nic  parut  c|ii'r);i  tkvmt  lui  duaner  Ic  Dom  de  noHveJb  j^<in^lf. — M4 
Acad.  dt>a  £>cieaa>s,  J77U|  p.  6^. 


Otf  ft  dwnilar  orbit,  was  determined  with  eotiaid«ral>Ie  precision ;  hut 
ftsm  the  dbeoHAnces  which  still  exisied  between  the  computed  and  the 
tkaUFnd  positions,  it  was  plainlj  apparuuC  that  the  real  orbit  wm  ati 
ilfi|Md  4ti  Htnall  eiieentricity.  KUiptic  elements  of  the  plajxet.  weje  tirst 
■wnhiad  by  Laplace,  and  wartf  cuinmiirjicated  bj  biiu  ta  the  Academj  uf 
ScMnees.  m  the  month  of  JHnuarp.  I7tt;}. 

When  it  wa»  ascertained  beyond  all  doubt  that  the  body  discovered  by 
Benchel  uraa  a  planet,  it  became  desirable  to  distinguish  it  by  some 
medal  oame.  As  the  privilege  of  chcosing  a  name  in  all  such  tmses  is 
IB*  incoD testable  right  oi  the  discoverer,  tler't^chel,  iirged  by  a  feeling  of 
mtitude  towards  his  royal  pstran,  George  ILI.^  proposed  to  confer  on  the 
fiammt  the  appelktion  of  the  Gnorgiwn  Sidm.  IjaJande,  inBuenced  by  an 
tspaHlj  honourable  njolive,  ijuggested  the  name  of  Hgrtchel.  Both  these 
■HMs  sounded  incongruously  with  the  prevailing  iiomendature  of  the 
^kmtlary  syrsitra,  and  neilher  of  thera  coneef^uently  met  with  much 
■OMU'  on  the  part  of  astrunomers.  The  names  of  various  heathen  divinities 
^m  pixiposed  as  more  appropriate  for  this  purpuse.  After  some  tints 
Wd  been  spent  in  discufifiing  tlie  rival  claims  of  difftrf-nt  deities,  the 
■■Be  of  Unuius,  suggested  by  Bode,  was  hnolly  adopted  by  astrouomers, 
ted  has  aJwajs  siiice  beeu  employed  to  distinguii^h  the  planet. 

A  point  of  great  interest  uj  be  determined  -was,  thy  magnitude  of  the 

Wr,  by  the  discovery  of  wljich  the  [dsjietaay  system  had  juit  been  en- 

Mit'd.      for  this   purpose  two   data  were   indispensable,    namely,    the 

•uiUnce  of  the  planet  Irom  the  earth  at  any  assigned  instant,  and  the 

ui^le  subtended  by  its  diameter  when  viewed  at  tiiat  dlBtanca.      The 

r-irnirr  of  theso  could  be  determined  witii  faoility,  and  with  a  considerable 

«■  of  precision  ;  the  case  %vas  very  different  with  reapect  to  the  latter. 

hoi's  first  measures  of  the  apparent  diameter  of  the  planet,  exhibited 

^irkablo  diacordimoe  with  each  other.     On  the  17th  of  March  he  fixed 

y',bn"%  on  the  4ud  of  April  he  made  it  4^25'",  and  on  the  18th  of 

ime  mouth  he  determined  it  to  be  ^''-S'"*.    A  similar  discordance 

■  \  between  the  measures  of  other  astronomers.     Maskelyne  was  in- 

i   to  iix  the  mngnituda  of  the  apparent  diameter  at  3''.     The  bb^ 

iierB  of  llilan  fixed  it  between  0"  and  7".     Mayer  of  Manheim  esti- 

'  It  to  be  as  high  as   10".     Lcxeil,  det^puiring  of  the  possibility  of 

ii;:^    the   spparent    diameter    of    the    planet    by    miciometrionl 

<  lit,  attempted  to  ascertain  it,s  viilue  by  comparing  the  planet 

•tth  another  body  who&e  apparent  diameter  waa  knoivn.    For  this  purpose 

M  eempared  it  witli   Mars,  at  a  tinia  when  thut  ploiiet  was  near  the 

Iwlion  of  afiogee,  and  when  his  apparent  ilium cter  In  consequence  did 

brif  pxct't't]  5"»     Finding  that  Uranus  appeared  to  be  less  than  the  planet 

ii  he  compared  it,  he  hence  concluded  that  its  apparent  diameter 

L.,  ....uviidy  below  6",  and  iu  all  probability  did  not  exceed  3"t.     The 

Mm  of  these  two  extremes  gives  4"  for  the  apparent  diameter  of  the 

|lBi9t.  A  result  which  forms  a  closer  approximation  to  the  true  value  than 

oy  other  that  had  been  hitherto  assigned  by  ofitronomei*8.     In  order  to 

jBQov^ill  doubts  apon  this  subject,  Herschel  in  17S3:  undertook  a  serieti 

C«iaj<Qe  of  the  planet  wth  two  micrometers,  one  of  wliich,  culled  the 

, Hkierometer,  was  an  instrument  of  his  own  invention.     H©  thus  ol»- 

tasaed  a  number  of  results,  from  which  it  appeared  that  the  mean  value 

of  the  tngia  subtended  by  tha  diameter  of  the  planet  was  somen^here 


I 


•  PWL  Thuit,  1791,  p.  494. 


f  Nov.  Act.  Aesd,  Pctrop.,  torn.  L,  p.  78. 
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about  4"*.     On  a  subsequent  occasion  he  instituted  a  strict  compar 

between  tbese  results,  aucl  hence  concluded  that  the  appareat  diametc 

the  planet,  when  viewed  at  its  mean  distance  from  die  eaiih,  was  equa 

0".O1.      By  combining  this  result  with  the  distance   of  the    planel 

'  recently  ascertained  (viz.,  I9.08i,  the  mean  distance  of  the  earth  b 

supposed  equal  to  unity),  he  waa  enabled  to  determine  it5  Haear  din 

BiOQa  and  volume.     In  this  manner  he  found   that  the  diameter  of 

'planet  measured  31:217  miles.     It  therefore  exceeded  the  diameter  of 

[.«arlh  in  the  proportion  of  4.3  to  1.     It  was  easy  also  to  infer  that  in 

flume  it  e:tceeded  the  same  body  in  the  proportion  of  80  to  1  f-    From  tl 

iresults  it  appeared  that  the  newly -discovered  body  waa,  after  Jupiler 

Saturn,  by  far  the  most  considerable  of  those  bodies  hitherto  recognise 

jevoh-ing  round  the  sun. 

The  enrichment  of  the  planetary  system  consequent  on  the  accessio 
J  lUranus  to  it,  marks  the  commencement  of  the  long  series  of  brilliant 
jiOoveries  and  sublime  speculations  which  adorned  the  astronomital  care< 
Sir  William  Herschel*,  It  has  been  frequently  asserted  that  this  n 
achievement  \Tas  the  effect  of  chance,  and  the  inference  haa  beeu  hai 
drawn,  that  the  merit  associated  with  it  is  of  a  very  inferior  order  comp 
with  that  due  to  the  same  astronomer  on  account  of  the  tnany  other  efl 
of  hisi  genius.  It  is  true  that  the  discovery  was  accidental,  innsmuch  i 
did  not  result  from  an  examination  of  the  heavens,  instituted  in  pureia 
of  any  theoretical  views  respecting  the  exiateuce  of  tlie  body ;  but  if  i 
thereby  meant  that  the  planet  might  with  equal  probability  have  preset 
I  itself  as  siich  to  any  observer,  there  cannot  we  conceive  be  a  more  vb 
'error.  A  few  remarks  upon  the  subject  will  amply  illustrate  the  justi 
of  this  conclusion.  In  the  first  place,  it  may  be  asserted  that  tlie 
covery  was  no  other  than  the  legitimate  reward  which  might  be  expen 
eventually  to  crown  the  e."iertiou3  of  an  astronomer,  who  conttnaed  f 
I  night  to  night  with  unwearied  enthusiasm  to  explore  the  Leavens,  * 
Optical  appliances  which  owed  their  exquisite  character  solely  to  th* 
sources  of  his  own  genius.  Upon  this  ground  alone,  therefore,  the  aut 
of  the  discovery,  even  if  he  had  not  borne  the  immortal  name  of  HerscI 
would  have  been  entitled  to  a  high  place  among  those  who  have  socOl 
fully  explored  the  celestial  regions.  Nor  would  a  less  generous  awtrd 
in  unison  with  the  natural  promptings  of  the  human  heart.  The  nv 
of  one  of  England's  nso^t  illustrious  sons,  *'■  palinam  qui  meruit  ferat," 
presses,  in  appropriate  language,  the  spontaneous  response  of  the  mas 
mankind  in  all  ages,  to  every  result  achieved,  whether  in  arts  nr  arms, 
A  well-directed  course  of  skilful  energy  and  unflinching  persevenu 
But  the  planet,  in  fact,  was  involved  in  an  extensive  field  of  ohservat; 
l^vhich  the  nstronoraer  had  conceived  the  de^iign  of  submitting  to  a  sj 
inatic  scrutiny ;  and  it  only  required  the  application  of  his  mental  pen 
to  the  realisation  of  this  dewign  to  conduct  bim  inevitably  to  the  wan( 
ing  body  §.  The  Orcadian  was,  therefore,  favourable  for  deteetiDg 
planet,  but  this  would  have  beeu  a  useless  advantage  without  the  * 
Similar  junctures  must  frequently  offer  themselves  to  every  person  i 
devotes  iiis  nttention  to  physical  phenomena,  but  how  few  are  sagaci 
enough  to  discern  their  presence,  and  extract  from  them  their  legitin 

*  Phil.  Trafii.,  1783,  p.  13.  f  Tbid.,  1783,  p.  37a 

*  Bnrn  al  Hanover  1738;  died  St  Slough,  In  England,  182*3, 

§   Ik'rschcl  wat  enutisjed  in  h  st'iU;*  of  (jbjflrvjiiioii*  with  4  view  to  the  fnveatigstifl 
Ihe  annual  paraJIdK  of  ihc  (iari,  wlwn  hii  atlcntian  was  fint  dnwn  ta  the  plauH. 
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!  The  circumstances  attending  the  discovery  in  th«  present 
iattuicfr,  abundantly  sene  to  prove  that  its  autbor  was  no  ordinary 
obseirer.  The  gingling  out  of  the  planet  from  among  the  multitude 
(tf  similaT  objects  by  which  it  Teas  surrounded,  ivaa  an  operation  of  ihe 
nttnost  deticacy,  which  demanded  extraordinary  powers  of  discernmeni. 
laiande  has.  expressed  his  ajHtonLshment  that  Hert^cliel  should  have  been 
led  to  dii%ct  his  attention  especially  to  the  planet,  considering  that  with 
a  instrument  of  his  ovm,  vrhich  magnified  I'ii)  timea,  the  appeoniuce  of 
tbe  body  did  not  differ  finom  that  of  a  star  of  the  seventh  ruagnltude  *• 
The  language  of  Messier  is  equally  decisive  upon  this  point.  '*Notliing,'" 
uj%  that  astronomer,  writing  to  Herschel,  "  was  more  difficult  tlum  to 
tMDgnbe  the  body;  and  I  cannot  conceive  how  you  have  been  induced  to 
ndini  repeatedly  to  that  star  or  comet,  for  it  has  been  absolutely  neces- 
■Bf  for  me  to  observe  it  several  days  in  succession,  in  order  U)  obtain  an 
tMnnce  that  it  had  a  proper  motion." f 

The  diflerent  sets  of  elements  which  Laplace  and  his  contempomriea 
U  ttkolated  for  Uranus,  soon  after  its  diijcovery.  could  only  be  consi- 
dered as  provisional,  the  motion  of  the  planet  nol  having  been  yet  sulii' 
daitly  developed  to  justify  the  hopo  of  determining  vtitli  precision  the 
id  podtion  of  the  orbit  in   which  it  revolved.      In    ITS'O,  the 
ly  of  Sciences,  with  the  view  of  eliciting  a  definitive  determination 
"orbit  of  the  planet,  proposed  its  theory  as  tlie  subject  of  a  prize, 
been  already  mentioned  in  one  of  the  foregoing  chapters,  that  the 
was  awarded  to  Delambre,     An  account  has  also  been  given,  in  the 
!  chapter,  of  the  subsequent  researches  of  astronomers  on  the  theory  of 
kuet,  and  of  the  memorable  consequeuce  which  ensued  from  the 
of  the  irregularities  of  its  motion. 

!  immense  distance  of  Uranus  precludes  all  hopes  of  discovering  any 

lena  indicative  of  its  physical  constitution,  analogous  to  those  in- 

lug  appearances,  which  an  examination  of  the  other  principal  planets 

telescope  has  revealed  to  astronomers.    Sir  William  Herschel  was 

sd  to  suspect  that  the  figiure  of  the  planet  is  sensibly  spheroidal, 

ervations  with  his  7-feet,  l(l-feet,  and  iiO-feet  reflectors,  all  concurred 

isuggesting  the  same  conclusion  relative  to  this  point.     The  longer  axis 

^ihe  planet  also  appeared  to  him,  agree«b|y  to  the  analogy  of  Jupiter 

Saturn,  to  be  situated  in  the  plane  of  the  orbits  of  the  satellites, 

ling  the  elliptic! ty  of  the  planut  to  be  an  established  fact,  he  hence 

luded   that  the  planet  revolves  with   considerable  velocity  upon  an 

M.  Arago  has  naturally  espressed  hia  surprise  that  an  observer  so 

putoua  as  Herschel  should  have  contented  himself  with  a  simple  esti- 

an  of  the  tigure  of  the  planet,  wheTJ  he  might  have  obtained  a  defini- 

assurance  upon  this  point,  by  direct  measurement  of  the  equatorial 

polar  axes  with  a  micrometer  §.      There  are  two   disitiuct  eircum- 

i,  however,  which  concur  in  rendering  the  determination  of  the  ellip- 

ity  of  L^ranus  an  operation  of  extreme  difficulty.     In  the  first  place, 

ti»e  waallnesits  of  the  apparent  magnitude  of  the  planet  has  a  tendency  to 

«*«ie  a  small  error  in  the  measurement  of  either  of  the  axes  to  exercisa  a 

t*  M^m.  Acad,  dcs  Sciences,  1779,  p.  528, 
f  "  Rica  n'etait  plus  dilficilt:  (jtie  lie  la  reconnailre;  et  je  ne  puii  pBf  coDcevQtr  com- 
tfit  rout  Av<s%  pu  retenir  plusieum  foiB  sur  cet(e  i-toile  ou  comcie,  cor  itb»«lutjienl  SI  a 
lu  I'obttmtr  [ilufieure  joun  dt!  *utte  iiour  B'apperct'VDfr  quVIle  avBtt  uii  mnmemciit/' 
Pt.iL  TrMi,  1781.(1,  otXt. 
t  PhiL  TniB.,  lim,  p.  71.  ^  Atmuaire,  1842.  p.  579, 
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TBTj  material  influence  on  the  ellipticit}'.  la  tlio  case  of  Jupiter,  th« 
difTerr^nce  between  the  equfltorial  and  polar  axea.  at  the  mean  distance  of 
the  planet  from  the  earth,  is  etjiial  to  2".78H ;  and  as  the  ellipticity  ia 
measured  by  the  ratio  of  this  quantity  to  the  equatorial  aiia.  it  is  obviotw 
that  an  en*or  of  a  tenth  of  1",  comnjitted  in  its  det^rratnatiaa,  will  entail 
on  the  elliplicity  an  error  less  than  Tj'i^th  of  its  real  value.  Now,  if  ire 
aAsutne  the  ellipticity  of  Uranus  to  be  equal  to  that  of  Jupiter,  the  difier- 
ence  between  the  equatorial  and  polar  aj^es  (Boppofiing  the  former  to  b« 
equal  to  i")  will  amount  oniy  to  0".aflltt.  It  foUoiiTS,  therefore,  that  «o 
error  equnl  to  a  tenth  of  1"  committed  in  the  meaaatement  of  dther 
of  the  axes  would  occasion  an  error  in  the  ellipticity  greater  than  ooe-* 
third  of  its  true  value.  M.  Mtidler,  indeed,  has  obtained  for  ihe  planet  m 
ellipticity  equal  to  -^.^-7,  indicating  a  difference  between  the  equatorial  and 
polar  axes  amounting  to  0''.435.  But  even  upon  such  a  supposition.  t& 
error  of  measurement  equal  to  that  assumed  in  the  two  previous  caiM 
would  produce  an  alteration  to  the  extent  of  one*fourtIi  in  the  value  of  the 
ellipticity.  There  h  another  pircumatance,  however,  which  operates  un- 
favourably in  attempting'  to  determine  the  ellipticity  of  Uranus.  The  r«^ 
mark  of  Herschel,  that  the  longer  axis  of  the  pknet  extends  in  the  plme 
of  the  orbita  of  the  satellites,  leads  to  tho  curious  conclusioTi  that  th* 
equator  of  the  planet  is  nearly  perpendicular  to  the  plane  of  the  ecliptic, 
since  the  satellites  have  been  fouml  to  revolve  in  orbits  which  are  nearly 
perpendicular  to  that  plane.  The  coasequence  of  this  anomalous  oonditiott 
will  be,  that  the  planet  will  exhibit  the  full  quantity  of  its  ellipticity  only 
in  two  opposite  pointa  of  its  orbit,  namely,  those  wherein  the  plane  of  ill 
equator  passes  through  the  earth,  for  the  planet  in  such  positions  alone  it 
projected  upon  a  plane  passing  almost  through  its  poles.  On  the  othfr 
hand,  there  are  two  opposite  points,  W*  distant  from  these,  in  which  the 
planet  will  assume  nearly  a  circular  appearance,  since  the  plane  of  projeO' 
tion  almost  coincides  with  the  plane  of  the  equator.  In  any  intermediate 
positinn  the  apparent  ellipticity  will  be  less  than  the  true,  aiid  it  will 
continually  diminish  as  the  planet  recedes  to  a  greater  distsiice  fjrom 
either  node  f.>f  its  equator.  It  is  obrious  from  this  circumstance,  tfaftt 
even  if  the  ellipticity  of  the  planet  should  be  very  considerable, 
not  liable  to  be  detected  except  when  the  planet  is  paasing  thi 
either  of  the  nodes  of  its  equator,  an  event  which  can  only  occur  ft 
successive  intervals  of  half  a  revolution  of  the  planet,  or  about  forty't*o 
years. 

It  follows  from  the  foregoing  remarks  that,  even  if  the  ellipticity  d 
Uranus  should  be  considerable,  the  diftcrence  between  the  lengths  of  thf 
apparent  equatorial  and  polar  axes,  which  is  at  all  times  very  small,  oa  to- 
count  of  the  minute  dimensions  of  the  disk,  is  in  general  rendered  atili 
smaller  by  the  peculiiir  position  of  the  equator  of  the  planet.  Perlutpi 
this  cironmi^tance  may  explain  tlie  reluctance  of  Herschel  to  determine  likl 
ellipticity  of  the  planet  by  actual  measurement,  the  small  difierene 
tween  the  upparent  lengths  of  the  equatorial  and  polar  axes  not  ciflte 
any  chance  of  his  obtaining  a  trustworthy  result  by  this  means.  It  ^ 
pears,  indeed,  as  already  stjited,  that  M.  Miidler  has  obtained  for  the 
planet  an  elliptit'ity  equal  to  ^.i^.  M.  Otto  Struve,  however,  who  ob- 
served the  planet  still  more  recently  with  the  magnificent  refractor  cf 
Puilkowii,  was  unable  to  discern  the  slightest  trace  of  ellipticity. 

Sir  William  Herschel  at  one  time  was  inclined  to  suspect  that  Ur«oa§ 
is  surrounded  by  one  or  two  rings.     On  the  4th  of  Maroh,   1T$7, 


The 
bat  in  tins 


pHnti,  tbo«^  aommhMt  «tDaUer« 
xli««iiw  tmrnxmaiot  bsting  bean 
tmmogfy  a»  mtp«etBd  tlia  the 
bf  two  zingi  at  ri^  aa^es  Kt  mch 
hom9f&,  almr«ii  lum  thst  tbs  np- 
of  ft  ling  retara«<i  to  bia  mind  ou 
■Iw  it  prortd  io  be  nnibinided. 
h*i  tmo»Aed  tktt  ddtng  the  iaterral  of  ten  jean,  extending 
1784  to  17^^  vbiek  ha  ohaemjdovs  of  tb»  pJanet  embraced, 
vlfttarer  ib3|^  Imevs  Imoii  llw  position  of  t^  oodt  of  the  ring,  tb« 
diMC  ttntst  lMt«  n««*ed  to  ft  mffieieiit  distftnoe  ftmn  ii  ftt  toms  timtt 
mtt»§  Ifaftt  pMiod.  tD  mme  nch  an  opfining  of  tlie  ring  ts  woold  rend«r 
kntMty  rictbie.  if  it  ittd  tttstad  ai  «1L 

Nm  ftft«t  hm  diM»ftC7  of  Uranns,  Her^hel  ende-^Toured  to  ■s^ertoin 
iMtiwr  it  was  attendtd  1^  Hiallit«s;  bat  although  he  r^p«fttedlj  ex- 
IHiai4  the  ptftaat  for  lilit  patfiMft.  nidi  his  most  powerful  telosoopes,  ho 
VM  ttOftble  U>  dtJcover  ftbjr  trtce  of  the  existonco  of  sncli  bodies,  lie 
liinbod  bis  luliai^  Io  the  waat  of  ft  sufficient  i^u&ntitj  of  light  to  render 
vlAfe  sach  fittit  objods  m9  bm  ptisiimed  tho  ftftteHtiaa  of  bh  remote  a 
piuct  -would  b«w  Aft  aoon,  iu)«»Ter.  w  h9  experienced  the  Mimnti^e  of  em- 
pbritig  the  ilpoot  ykm  ia  his  telescopes^  from  the  addiiiotiftl  quAtitity 
•f  iigltt  wliidk  be  ^nittid  kj  this  contrivance,  ho  again  resolved  to  pro- 
MoQto  ibis  btj&restjngeninlij.  Accordiuglj,  on  the  llih  of  January,  1787, 
bt  directed  one  of  h&  tetesoopos  f  to  the  sweep,  iucladJQd^  the  planet,  and 
fben  it  uTired  on  the  meridian  he  porceirod  seveml  faint  sCan  near 
i»  It.  the  positions  of  which  be  noted  down  with  great  core.  On  the 
MSoinng:  erentng,  when  the  planet  returned  to  the  meridian,  he 
koked  c»ut  with  eftger  icrutiQj  for  his  stars,  and  he  found  that  two 
iC  them  wer«>  taisttiiig.  He  repeated  his  observations  on  the  14th, 
iTtk,  t8th.  and  SUth  of  Jannftry.  end  also  on  the  4th  and  gth  of 
FftbfiiarT,  carefnlly  delineating  «n  each  occasion  the  conQguration^  of  tlie 
Inftt]  stATB  in  rl  v  of  the  planet.     Although  lie  had  no  lunger  an_r 

Itnbtof  the  ex.  i  one  sataUite  at  lea$t,  be  deferred  making  an^ 

WBoronioation  rt«p«^ii»g  it,  until  he  bad  seen  it  BL-tuallj  in  motion.  Ac- 
4adiogly  he  directed  hia  tdescope  to  the  piftnet  on  the  7ih  of  February. 
tad  having  fixe<i  his  attention  on  the  satellite  at  six  ooluek  in  the  evening, 
h»  etcAdilj  kept  it  in  vie*  until  3  o'clock  in  the  following  morning.  Daring 
tiM  eoorae  of  nine  hours  that  he  remained  at  the  telescope,  he  had  tbo 
Smilioatioo  of  prceiving  that  the  satellite  contiuued  fnithfullj  to  attend 
tbe  pUoMfel,  while  at  the  m,me  time  it  described  a  considerable  arc  of  ita 
pn|i«r  orbit.  He  did  not  omit  following  another  star  which,  from  his  pre- 
Tiftm  observations,  be  Fsus^peoted  to  be  a  satellite,  but  (ram  hia  attention 
hftffag  been  m  strongly  directed  to  the  object  alreodj  mentioned,  he  could 
not  be  CO  well  assurfd  of  its  motion.  The  observations  of  the  9th  of  Feb- 
mrf  remoted  all  doubts  from  bis  mind,  the  star,  doling  the  interval 
vfayietapaed  aince  \m  previous  observation,  having  advanced  in  the  samft 
rtion  with  the  otlier  star  ulrenJj  recognised  as  a  satellite,  but  with  a 

Pbil.  Tnm.,  17f>B.  p.  67. 

This  tppean,  from  the  cnnlett,  Io  hftife  been  hit  20.feet  reflector,  iilthough  he  doei 
if  mention  that  it  was  that  initniment. 
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(flicker  motiou.  From  tbis  circumstance  Ue  inferred  that  it  rei 
tween  the  latter  and  the  planet.  He,  therefore,  calleil  it  the  fir&t  < 
while  the  one  mora  remote,  althougli  the  lii'st  that  had  bee  a  disc 
received  from  him  the  name  of  the  second  satellite. 

Herschel  communkated  an  account  of  hi»  discovery  of  the  sate 
Uranus  to  the  Koyal  Society,  in  a  paper  which  was  read  hef^re  tb 
oil  the  15th  of  Febmary,  1787  +.  A  sufficient  interval  of  time  had 
elapaed  to  enahle  him  to  determine  the  elements  of  their  motion  ; 
a  rough  estimation,  he  found  that  the  first  satellite  completed  its 
revolution  in  about  eight  days  and  three  quarters,  and  tlie  a« 
thirteen  days  and  a  half.  He  also  remarked  that  the  orbits  were  i 
at  considerable  angles  to  the  ecliptic.  As  soon  as  he  obtained  an  & 
jjumher  of  observations  of  the  two  satellites,  he  undertook  a  i 
determination  of  their  elements,  The  resuhs  of  his  researches  8 
tflined  in  a  paper  vi'hich  was  read  before  the  Royal  Society  on  the 
May,  178B  f.  He  found  the  time  of  a  synodic  revolution  of  the  firs 
lite"  t«  be  H^  17''  l""  Jil'.a,  and  that  of  the  second  U  be  IS"  U''  I 
He  determined  the  apparent  distance  of  the  second  satellite  at  tt 
distance  of  the  planet  from  the  earth  to  be  44".a3.  It  was  & 
of  auch  extreme  difficulty  to  obtain  even  a  sight  of  the  first  satelli 
lis  did  not  attempt  to  establish  its  distance  from  the  planet  bj 
vation  ;  but  kuo\Yiiig  the  jieriodic  time,  and  knowing  also  the  ; 
time  and  distance  of  Uie  second  satellite,  he  was  enabled  to  deduce 
these  data  by  means  of  Kepler's  third  law.  In  this  manner  he  fo 
apparent  disUnce  of  the  satellite  from  the  pliuiet  to  be  33".l>9. 
terrained  the  inclination  and  the  loDgitude  of  the  node  of  the  secoi 
lite,  but  the  results  exhibited  au  ambiguous  character,  in  conseq_i 
an  uncertainty  in  the  observations,  which  could  not  be  removed  u 
[ilanet  had  revolved  round  the  sun  through  an  arc  sufficiently  laro 
casion  a  senaihle  chanj^e  m  the  position  of  the  satellite's  orbit  rel 
the  earth.  The  ambiguity  involved  an  extraordinaiy  alternative,  t 
we  shall  presently  have  occasion  to  allude  more  pajticularly.  I 
found  from  hia  observations  of  the  first  satellite,  that  the  positio 
orbit  did  not  deviate  sensibly  from  that  of  the  second.  On  accoun 
great  inclinations  of  their  orbits,  the  satellites  could  only  be  eclip«( 
the  plauet  was  passing  threugh  either  of  their  nodes.  Herac 
nounced  that  they  would  undergo  eclipses  in  either  of  the  years 
1818,  adding  that  they  would  appear,  on  such  an  occftsion,  to  asceii 
the  sliaduw  of  the  planet,  in  a  direction  almost  perpendicalar  to  tb 
of  the  ecliptic.  This  interesting  phenomenon  was  predicted  wit 
markabl©  degree  of  accuracy,  considering  the  extreme  difficulty  of 
ing  reliable  observations  of  the  satellites,  and  the  short  interval 
which  elapsed  since  their  discovery;  but  from  a  circumsitiuice  conneci 
the  visibility  of  these  minute  bodiesj  which  the  illustrious  astronoi 
the  first  to  point  out,  it  has  not  been  hitherto  allotted  to  mortal 
witness  it. 

We  have  mentioned  that  the  results  at  which  Sir  William  E 
arrived,  relative  to  the  position  of  the  orbits  of  the  satelli les.  W( 
certain  extent  anibiguoas.  Ii  was  manifest  that  the  orbits  wei** 
perpendicular  to  the  plane  of  tlie  eclipncl^  and  that  tbo  planet  was 
ing  towards  their  asceudiiig  nod«;  but  there  were  two  positions  of  ihi 


Phil.  Treni,,  1787,  p.  124,  ct*erj. 
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ofwhidi  vimld  satisfy  the  observations.    Tliis  will  be  easily  under- 

when  it  is  borne  in  mind  tJiat  a.  circle  viewed  obliquely  assumes 

&rai  of  an  ellipse,  Ttbose  eccentricity  depends  upon  the  degree  of 

f,  and  that  it  is  poi^sibie  to  assign   vko  ditTtrent  position b  to  a 

«acb  of  which  it  will  be  equally  oblique  with  rei^pcct  to  the  visual 

tn  illuatration  of  this  remark  let  the  circle  a  b  c  d  represent  the 

iha  a&UUiu,  and  let  the  jthcae  of  the  paper  be  perpeudioul&r  to 


U/ 


irisual  ray.  Let  us  now  suppose  the  orbit  to  turn  through  a  certain 
|le  round  the  axis  a  c,  so  that  the  semicircle  a  b  c  shall,  by  this  raeaus, 
lelerat4^d  above  the  plane  of  the  paper,  while  the  opposite  semicircle, 
Ij  c.  is  equally  depressed  below  it.  When  the  orbit  is  viewed  in  this 
'Ifrpcsitiou,  it  will  be  projected  upon  tho  plane  of  the  paper,  and  will 
Qbear  to  coincide  with  the  ellipse  a  6  c  d,  the  eccentricity  of  which 
m  increase  as  the  orbit  revolves  through  a  greater  angle,  or,  in  other 
•srf*,  according  m  its  plane  hecomea  more  oblique  with  respect  to  the 
ttnal  fay.  If,  however,  we  had  supposed  the  orbit  to  revolve  in  the 
Ippostte  dir«;tion  through  an  equal  angle,  so  that  the  semicircle  a  b  o 
depressed  below  the  plane  of  the  paper,  while  the  opposite  semicircle, 
c,  was  equally  elevated  above  it,  the  projected  orbit,  in  this  case  also, 
lid  manifestly  coincide  with  tho  ellipse  xb  c  d.  It  will,  therefore, 
"^ile  for  an  observer,  by  simply  viewing  the  motion  of  the  salel- 
fiitnote  point  situate  above  the  plane  of  projection,  to  ascertain 
iCT  me  semidrcle  a  b  o  is  turned  towards  him,  or  whether  it  id 
away  from  him.  It  is  manifest,  however,  that  the  position  of  tho 
bt  of  the  satellite,  with  respect  to  a  fixed  plane,  will  he  very  different 
lCh«  two  oases.  The  true  position  can  only  be  decided  by  the  motion 
,  the  common  centre  of  the  two  circles,  which  cnuses  one  of  the  assumed 
in&  ©f  the  satellite  to  become  more,  and  the  other  to  become  lesa 
]««  with  respect  to  the  visual  ray ;  whence,  by  confronting  the  two  corre- 
ing  ellipses  with  the  results  of  observation,  it  is  possible  to  ascertain 
ch  of  the  circles  represents  the  real  orbit  of  the  satellite.  For  exninple, 
►«s  suppose  o  (representing  the  planet)  to  revolve  from  right  to  left 
the  eje  of  the  observer  as  the  centre  of  motion,  the  plane  of 
circle  a  b  c  d,  constantly  moving  parallel  to  itself,  it  is  then  mani- 
thftt  if  the  semicircle  a  b  c  be  turned  iouardf  the  observer  it  will 
)roe  more  and  more  oblique  with  respect  to  the  visual  ray,  and,  there- 
S,  the  ellipse  Abed  will  gradually  contract  in  width.  On  the  other 
id,  if  the  semicircle  a  b  c  be  turned  away  from  the  observer,  tho 
aotioti  of  o  will  cauae  the  plane  of  the  orbit  a  b  o  u  to  become  leas  and 
I  oblique  with  respect  to  the  visual  ray,  and  the  ellipse  will  gi*adually  open 

Herscbel  aocordingly  remarked  in  1T88,  that  although  the  position  of] 
f  Of  bit  of  the  second  satellite  was  then  doubtful,  the  true  position  would  he. 
led  in  the  c^jureo  of  a  few  years  by  the  opening  or  closing  of  th^ 
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apparent  ellipse  of  the  satellite.  If  the  ellipse  shotiU  contract,  iSt 
tilde  of  the  asiceudiiig  node  of  the  satellite  would  be  168"  0'  3".f) 
tbe  planet  Tcould  pass  through  it  in  1790;  hut  on  tile  otlier 
if  tho  ellipse  should  open  out,  the  longitude  of  the  ftscending  node  ' 
be  240'^  2'  2".3,  and  the  paasago  of  the  planet  through  it  wottl 
take  place  before  the  year  1B1B+,  The  most  interesting  rircumi 
oouneoted  'with  this  ambiguity  referred  to  the  motion  of  the  sat 
which  would  he  direct  or  retrogrnde,  according  as  the  ellipse  was  obg 
to  open  or  close.  A  similar  remark  waa  applicable  tx)  the  first  sat 
the  poaition  of  whose  orbit  waa  found  to  eoiucide  with  that  of  the  si 
Herschel  found  from  observations  of  both  satellites^  subsequent  to 
that  their  apparent  ellipses  continued  for  eome  time  to  contract*  a 
hence  drew  the  legitimate  conclusion  that  their  motion  is  retrogade. 
formally  announced  this  result  for  the  hret  time  in  a  paper  which  he 
rounicated  to  the  Royal  Society  towards  the  close  of  the  yeftr  ITn?  f. 
Bingiilar  anomaly  in  tho  plaoetary  system  has  been  eonfimaod  Ij 
observations  of  subsequent  astronomera.  HerBchel  was  now  m 
definitively  to  aunnunce  that  the  ascending  oode  of  tho  satdlite 
situated  in  lOK'*  (i'  iC'.fl  of  longitude,  and  that  the  planet  woold 
through  it  in  the  year  n\i[i.  The  common  inclination  of  iheir  Ofl] 
the  orhit  of  the  planet  had  been  fctind  by  him  in  17)^8  to  be  80°  90'  U 
Ott  a  future  occasion  ke  arrived  at  r  more  accurate  determination  < 
position  of  the  orbits, 

In  the  paper  above  refen'ed  to,  Herschel  announced  his  disoor 
four  additional  aati^llites  of  Uranus,  The  number  of  tho  satellites  < 
planet  therefnrp  now  amounted  to  six.  One  of  the"  new  satellites  wi 
nearest  of  all  to  tho  planet ;  another  revolved  in  the  space  ine 
between  the  orbits  of  the  two  satelliles  already  discovered  ;  the  rem) 
two  were  exterior  to  both  the  old  satellites.  Conformably  to  tho  pr 
of  aaminiaf  the  satellites  according  to  the  order  of  their  distances  froi 
planet,  Hersohel,  in  this  paper,  distinguished  the  two  f^atelliti^s  disod 
in  178T,  by  the  names  of  the  second  and  fourth  Batellifes§.  With  n 
to  tlie  four  new  satrllites,  although  oonfidently  asserting  their  exis: 
he  did  not  venture  to  give  an  exact  determiuation  of  their  distancei 
the  planet  or  their  periodic  times,  on  account  of  the  small  niitel 
undoubted  obiaervations  of  them  which  he  possessed,  but  he  assigili 
provisional  data,  certain  approximate  values  of  these  elemeuls,  rema 
that  future  observations  might  require  that  tliey  should  be  considi 
modified.     These  results,  including  the  elements  of  the  seoond  uid  i 

•  Phil.  Trans,,  17^,  p.  375.  i  PbU.  Trans.,  1798,  p.  47,  «l 

J  Phil.  Trans.,  1789,  p.  375,  Hfrsclie!,  IndcptJ,  asfiigni'd  in  this  pappr  two 
of  the  inctitiBtkm,  corrcspondinp  to  Ihe  two  values  nf  (he  lon^tudc  oftlie  nade,  and 
by  ueatif  of  thcK  results  that  he  fxpfe«Bcd  the  ambiEuitv  m  the  noiiition  of  Lh« 
As,  however,  the^uther  value  of  the  inclination,  via,  99"  39  48  '.9,  i«  tn«  tiuppletncnt 
mcntiiincd  in  ihc  text,  il  h  mnm{e<il  that  the  conclustion  at  which  Herschel  arrived  c 
equally  well  expressed  by  adopting  the  Huailur  tmOinallon  in  both  cascf,  and  «up 
the  motion  lo  m  retrograde  in  (lie  rii*e  wherein  (ho  supptetncnt  wm  aaiigued.  P 
nkfl  of  timpHdt^  thii  mode  of  interpretation  hu  bean  employed. 

fl  The  illuntnoya  afttronomer  did  not,  buwever,  invariahiiy  adhere  to  thit  nofaend 
for  In  all  diacuatkms  relntinfr  cxcUhivcI)'  lu  the  two  old  $3lc?Uil«B,  be  applied  to  then 
nriginal  appeUatiotis.  lu  r^rdi^r  not  to  introduce  canfuaion  into  the  text,  Ki  slu] 
tinue  Ifl  deoonjinate  each  sAlclHtc  according  to  the  order  of  its  distance  from 
iBUDiIng  the  nxifttenoe  of  ths  six  salellites  to  b^  an  cjtabltghed  i^i. 


iH^i 
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BlilKtei,  ai  determilied  by  him  in  1788,  axe  contained  in  the  followiug 


Oi4vaf0blMccL 

D«ic  of  ULicaverf. 

1>{*Un(«  from 

Pnle4k  Timck 

lit  ntellito 

JanuarY     IS,  1700 

25".  5 

5'  21"  £3" 

^<f     do. 

January    M,  17X7 

33  ra 

8    J7       1        1 

JM     do> 

Mwch       20.  17n4 

m  .57 

10    33      4 

4ili     do. 

Jaiiuuy    1U17H7 

44  .3:3 

13    11      6 

5tk     d«. 

Febnjwjf    0.  1790 

ea  .4a 

38      1     49 

6eh     do. 

Februury  28,  1794 

177  .92 

J07    16    40 

Tkn  diftsnce  of  tlie  firat  flatelUte  was  the  rfiauU  of  a  tnicrometrical 
MMBv  executed  bv  Ilemchel  at  a  time  when  he  fiupposed  the  satellite 
■lit il its  grest<?st  elongiition  from  the  pknet.  The  distance  of  the  thii'd 
itfrilit0  WM  determiiied  hy  asHuming  its  orbit  to  bisect  the  lineftr  iatcrval 
iaahdMl  l«t«reei)  tba  orbil^  of  the  two  older  satellites ;  the  Gith  latuUita 
VM  •ttppoMd  to  be  Ufice  as  distant  from  the  planet  as  the  fourtli,  and  tli« 
link  iatelUt«  to  be  four  ttniea  as  distant  as  the  same  (satellite  was. 

Tlia  periodic  cim^  were  not  deduced  from  observation,  but  w«re  calcu- 
ImhI  ligr  niMiM  of  Kepler's  third  law*. 

In  t8l&  Herschel  counnuTiicated  to  the  Royal  Society  his  fourth  and 
Im  p*per  oti  the  satellito^  of  Uranus  |.  The  passngo  of  the  planet  thmugh 
Ai  Meending  uode  of  the  satellite!}  had  Buppiied  him  with  a  fuvourablo 
iWNMliiiilit  of  obtaining  a  more  accurate  dettirmiuation  of  the  elements  of 
M  two  etd  ■ateUita«,  their  apparent  orbits  on  that  occasion  having  assunitid 
te  farxtk  «f  straight  lines.  He  found  from  observation,  that  die  planet 
jMMid  tliroi^h  Ui«  ascending  node  of  the  tintelliteii  on  the  I'ith  of  Alurch, 
n»H.  The  longitude  of  the  node  was,  therefore,  105"  mY.  lie  iixed  the 
i»eliiuiliA«i  of  the  orbita  of  the  satellites  to  the  ecliptic  at  78^°  59\  A  new 
iifcstigaUidn  of  the  synodic  revoluiiotis  of  the  two  satolliles  gave  him 
¥  16"  5I5»  5».2  for  the  period  of  the  second  satellite,  and  W  11^  8™  5U* 
kr  th«  period  of  th«  fourths  With  respect  to  the  question  of  the  dintaneog 
rf  the  uatellitea  from  the  planet,  he  did  not  undertake  to  correct  tiie 
lemlts  he  had  already  arrived  at,  but  he  assigned  certain  measures  of 
Wdi  Mt«llites.  which  he  eonsidered  tnight  be  useful  in  future  enquiries 
Jlktitc  to  this  point. 
TIm  paasa^  of  the  planet  through  the  node  of  the  aaleUites  in  1708, 
Herachel  to  obtain  a  few  more  observations  of  the  iatellites  who^e 
he  first  anuouneed  in  ITltT.  He  &till  eoutinued  to  assert  his 
ttm  htViet  in  the  existence  of  other  satellites  besides  thosa  of  1787,  but 
A  matter  of  such  extreme  ditftcultj  to  obtain  even  occeisional  glimpses 
theae  remotje  atoms,  and  ?tiU  more  so  to  distingniah  them  from  one 
Dther.  that  he  did  not  venture  to  give  a  rigorous  determination  of 
fir  lulementg,  or  even  to  asFsign  the  precise  number  of  satellites.  Ho 
efore  confined  himself  to  the  communication  of  all  the  observationa  indi* 


Heneheri  obterralifinB  of  the  ffupplcEncntai^  anlcTlileji  sppoar  tn  Iibts  be«ii  mvdc 
I  9D-fi?et  reftedior.     In  a  lubteijuent  pper  (Phil.   7VafM.,  I8la)  hu  rx^Utns  the 
Opens  which  h9  wan  indurad  not  to  make  marc  frefluent  uatt  of  liid  gifnt^'tit^ 
or  40  fie«t  focal  len|;;Th,  nhtch  cond uct«d  Inm,  immeaiiutly  aEler  iu  Qotnplolioq 
,  to  the  diacofery  of  the  two  inCcrmr  aatellitef  bf  Sctiim. 
t  Phil,  Tnoi.,  1815,  p.  293,  «t  teij. 
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cative  of  their  existence,  leaving  to  future  astronomers  tlie  task  of  de4 
positive  results  respecting  them,  when  a  more  coniplGto  system  of  da 
this  purpose  sbouUi  be  nbtaiued  by  means  of  additional  observations,! 

Sir  William  Hei'schel  found  that  the  interior  of  the  two  old  sat| 
was  brighter  than  the  exterior  satellite,  whence  he  concluded  that  ( 
the  more  considerable  of  the  two  in  point  of  magnitude^.  It  app 
from  hie  obsei-vations,  that  both  satellites  were  subject  to  great  i 
tions  of  brightness.  It  happened,  in  consequence,  that  the  exterior  j 
lite  was  sometimes  more  distinctly  Tisible  than  the  interior.  Ha| 
concluded,  from  this  variation  in  the  brightness  of  the  two  satellites,  | 
that  there  existed  daik  tracts  on  their  surfaces  which  were  turned  i^ 
cession  towards  the  earth  hj  the  rotation  of  the  bodies  on  their  ail 
that  each  satellite  was  enveloped  in  an  atniosphero  which,  by  its  fl 
ating  movements,  occasionally  laid  bare  tho  dark  surface  of  the  9^ 
as  in  the  case  of  the  Sun,  Jupiter,  and  Saturn  f.  \ 

Herschel  found  tliat  both  satellites  invariably  disappeared  wbeni 
arrived  within  a  certain  distance  of  tlie  planet.  The  limit  of  visfl 
however,  was  different  for  each  satellite.  The  interior  satellite  genj 
THirished  at  a  distance  of  18"  from  the  planet.  The  exterior  sal 
ceased  to  be  visible  at  the  distance  of  30"  |,  A  dense  atmosphere  ei»| 
fng  the  planet  would  explain  the  disappearance  of  the  satellites,  did  j 
happpn  that  they  were  lost  sight  of,  when  traversing  the  nearest  half  of 
orbits  as  well  as  the  opposite  half.  The  only  satisfactoi^  explanation  i 
could  be  given  of  the  phenomenon  wa?,  that  the  feeble  light  of  the  sati 
was  overpowered  by  the  superior  lustre  of  the  planet.  Herscbel  remi 
that,  owing  to  a  similar  cause,  the  Earth,  Veuna,  and  Mercurj',  wouj 
ever  remain  invisible  to  the  iuhabilanls  of  Uranus,  being  constant^ 
in  the  effulgence  of  tho  Sun's  tight.  It  is  interesting  to  trace  the  prfl 
of  optical  science  (or  rather  its  application  to  practical  purposes)  ii 
aexion  with  the  question  of  die  visibility  of  the  amallor  bodies  q 
planetary  system.  Huyghens  generally  lost  sight  of  the  satellitoj 
covered  by  him,  two  days  before  its  arrival  in  coujunL-iiou  with  the  p( 
and  did  not  again  perceive  it  until  two  daya  after  conjutictioa  §.  Oi 
■was  unable  to  perceive  the  satellite  immediately  interior  to  t^ 
Huyghens^  ctcepL  tit  its  greatest  elongation  from  the  planet,  even^ 
its  orbit  was  so  open  that  at  the  time  of  coniunction  it  pa^ed  qui  14^ 
of  both  the  planet  and  the  i*ing||.  Sir  William  Uerschel,  howevev} 
ceeded  in  keeping  sigiit,  of  eveiy  o^^  (^f  the  seven  satellites  of  ^ 
Ulitil  they  actinUiy  arrived  in  contact  with  his  disk  IT.  Perhaps  ^ 
future  observer  may  succeed  in  accompHshiug  for  the  satellites  of  Ui 
what  that  illustrious  astronomer  achieved  in  respect  to  those  of  SiLti 

The  satellites  of  Urarma  require  telescopes  of  such  a  high  dej 

STfeetion  to  render  them   barely  discernible  that,   after   Sir   ~  ^ 
enchel  eeasefl  to  direct  bis  attention  to  these  remote  bodies,  u]y  £a 
observations  of  the m  were  for  a  long  time  neglected.    This  remark  a 

•  Phil.  Trans.,  1798,  p.  73.  f  Ibid.,  1815.  p.  356. 

J  Ibid.,  179ft,  p.  76;  ibid.,  1815,  p.  355. 

^  Open  Varia,  torn,  ii.,  fi.  524. 

I    Anc.  Mim.  A«'arJ.  des  ScienceA,  tome  x,  p.  586. 

^  Phit.  Tratis.,  179(1.  Part  L,  p.  7;  aJao  1798.  p.  74. 

••  h  results  from  the  invistbility  of  tlie  satellitfS  of  Umnus  rteir  CbtijuncUon>  t] 
«e1ipMa  of  these  bodien  (whjcb,  on  accouut  of  the  p'eat  inclmalion  of  ibeir  ortij 
only  t«ke  pbcu  on  the  occouot]  of  the  pauagc  af  tUv  ptaiiet  through  cJlber  of  the  | 
vriU  awssiwi\y  be  invisible  a[so. 
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flot  merelv  to  the  four  sutellites  alluded  to  by  Herschel  at  a  later  period 
of  his  researches,  the  ejtistence  of  which  might  be  regarded  as  prohle- 
milicftl,  but  also  to  the  two  satellites  originally  di^overed  by  tdm  in 
17B7,  the  theory  of  Tvhose  motiotis  be  had  hrougbt  to  a  state  of  consider- 
tble  perfection.  It  does  not  appear  that  any  astrouomer  obtaiued  even  & 
sight  of  these  Ikint  objects  until  the  year  1828,  when  Sir  John  Herschel 
deKcted  them  with  a  90-feet  reflector.  In  order  to  verify  the  general 
ebaiacler  of  the  views  of  his  illustrious  father,  relative  to  the  orbits  of  the 
two  aatelLites,  and  to  obtain  a  fresh  correction  of  their  periodic  times,  the 
mme  astronomer  executed  a  series  of  ol^erration.'^  of  their  angles  of  posi- 
tkni  with  the  meridian,  throughout  the  years  1830.  1831,  aud  183*2.  By 
1  skilful  discussion  of  his  father's  observations  of  the  second  aateUite,  and 
aitmilar  treatment  of  his  ovfn,  he  obtained  two  epochs  of  the  piis&age;  of 
ibe  latellite  throagh  the  tiscending  node  of  its  orhit,  which  embraced  an 
iaterral  of  15123'',  4*'  IT"",  »nd  included  1737  revolutions  of  the  sivtellite. 
Btving  calculated  the  duration  of  1737  revolutions  of  the  satellite,  from 
tlie  periodic  time,  as  determined  by  hi^  fatlicr.  he  found  it  to  he 
ISlil"!  !&"  4'^"*  3a«.4.  This  wojg  les^  than  the  time  deduced  from  the 
<ibs«Tfttiuns,  by  12''  34™  a8».  It  followed,  therefore,  that  the  assomed 
period  vras  a  little  too  short :  and  from  the  number  of  revolutions  com- 
prdimded  between  the  two  epochs,  it  was  easy  to  conclude,  that  the  time 
if  each  revolution  required  to  be  lengthened  by  aD'.UO,  In  this  manner 
Sr  John  Herschel  obtained  8**  1(5''  ftU™  ;il*.3  for  tlie  corrected  period  of 
tko  mtellite.  Uy  pursuing  k  similar  process  with  respect  to  the  fourth 
itfeUite,  he  determined  its  periodic  time  to  be  13*'  I  If"  7"  Isi'.ft.  In 
ftis  ease,  therefore,  his  father's  period  re(juired  to  be  shortened  by 
l*  46*.4.  The  positions  of  the  satellites,  when  calculated  from  their 
Dorrected  periods,  and  the  inclination  and  node  of  their  orbits,  as  deter- 
Btined  by  Sir  William  Herschel,  exhibited  an  nccordance  with  the  corre- 
sponding observations  suiiiciently  close  to  establish  the  general  accuracy 
flf  the  theory  of  both  bodies.  Sir  Juhn  Herachel  found  tlmtihe  observations 
«f  the  second  satellite  afforded  pretty  strong  indications  of  ellipticity.  He 
ibo  oonsidered  it  very  probable  that  the  data  of  the  fourth  satellite  ntight 
jmtte  to  be  eqaally  indicative  of  elliptir  motion,  althoufjh  it  would  be 
pnnattire  to  attempt  the  investigation  of  this  pan  of  the  subject*. 

The  Tjeit  astronomer  who  directed  his  attention  to  the  satellites  of 

Cticu3  was  M.  Lament,  of  Munich,  who,  in  the  auiuum  of  )h^37.  made 

nrenil  accurate  ohservatiuna  of  the  second  aud  fourth  satellites  with  a 

SB&Bctor  of  15  feet  focal  length  and  1D|  inches  aperture.   The  main  object 

is   oliservations  was  to  determine   the   greatest  elongations  of  the 

ttea,  with  the  view  of  arriving  at  an  accurate  knowledge  of  the  masa 

lie  planet.     He  did  not,  liowever,  omit  to  derive  a  new  determination 

le  periodic  times  of  both  satellites,  by  a  comparison  of  his  own  obser- 

ina  with  tiiose  of  Sir  William  Herschel  and  his  son.     Jty  means  of 

iea  of  micrometrical  measures  he  determined  the  greateBt  elongation 

of  the  second  satellite  to  be  31". 35,  and  that  of  the  fourth  to  be  10".07. 

He  also  obtained  8"  iC  50"  a8*.5,  and  la*"  1 1^  7™  5*. 9  for  the  times  of 

the  synodic  revylutions  of  the  two  satellites  f. 

^pll.  lament  states,  in  his  memoir,  that  he  saw  the  mo:it  dij^Lant  of  the 

^■satelUtaa  of  Uranus  on  the  1st  of  October,  1S37.     Tiiis  was  the  only 

^Rficsation  that  had  hcten  hitherto  obtained  of  Sir  William  HerschetV 

olBerrstioas  relative  to  the  existence  of  other  satellites  of  the  planet 


Aal.  Soa.  vol.  viij.  p.  1,  et  seq. 


t  lbi4»  volt  x^  p.  &1|  el «% 
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besides  those  cUscovered  bj  him  in  1 787.  Additional  light  has  been 
upon  this  rnterestiug  subject  bj  the  observations  of  ostiURoaien 
the  lost  few  yeara.  The  jimt  Batellite,  or  the  neareat  of  the  «ii 
planet,  has  been  repeatedly  ohsen'ed  by  Mr.  Lassel  in  this  i 
and  also  by  M.  0.  Btfuve  in  Rusiia.  Mr.  Lassel  tirsl  saw  the  sail 
the  14th  of  September,  1H47.  The  observations  of  M.  Otto 
data  from  the  Bth  of  October  of  the  Bame  year.  The  Bev. 
Dawes  having  instituted  a  companson  between  the  results  o|  bol 
aatronomera,  came  to  the  conclusion  that  they  are  incompadb 
«ach  other  upon  any  supposition  whatever  relativo  to  the  element 
satellite,  and  upon  this  ground  he  has  suggested  the  prt^bability  < 
being  two  satellites  instead  of  one,  revolviug  within  the  interior  of 
old  satelhtes.  By  a  disouseiou  of  the  observations  of  Mr.  Lasael,  h 
that  the  apparent  distance  of  the  satellite  is  only  11",  and  the  tim 
revolution  il^  "J.^  43™  0*.  M-  Otto  Struve,  fi'om  hi«  own  obaer 
deduced  17'''.5  for  the  distance  of  the  satellite,  and  d^  'iH^  10*" 
time  of  its  revolution.  The  hypothesis  of  the  existence  of  two 
fiatbllit^e  derives  additional  support  from  the  fact  that  Mr,  Lia 
Htantly  uaw  the  satellite  on  the  north  side  of  the  planet,  while  1 
Btruve,  ou  the  other  hand,  invariably  baw  it  on  the  south  side.  Tli 
of  theBe  astronomers  hm  suggested  that  the  satellite  observed  by  k 
the  fifth  satRlllte  of  Satuni,  might  lose  much  of  its  li^ht  in  the  n 
half  of  its  orbit.  Of  counse  a  similar  remark  is  appUcable,  muu 
tandis,  to  the  satellite  observed  by  Mr.  Lassel.  It  would  appear 
fore,  that,  besides  the  observations  of  Mr.  LJissel  and  if,  Struv 
irreconcilable  witli  each  other,  in  so  far  aa  the  motion  of  the  body 
cerned,  there  exists  an  eflsential  distinction  between  the  indicatiott: 
they  eevemlly  utford^  of  the  physical  oonslitution  of  the  satellite. 

The  third,  or  jutemiediuto  satellite,  of  Sir  William  Herschel,  ii 
between  the  two  satellitea  of  17H7,  was  observed  by  Mr.  Lassel  oa 
of  Noveinber,  1847.  No  indications  of  ita  existence  appear  to  hai 
been  obtained  by  any  observer.  It  is  clear  that  much  yet  remaii 
done  before  anything  like  a  satisfactoiy  view  of  the  UiBiiiati  syst 
be  ariived  at.  In  the  meantime  it  offers  to  the  astronomer  an  i 
ing  field  of  observation  and  researcli;  while  it  holds  out  in  gtil 
distant  prospective  to  the  geometer,  the  gttjunde  of  one  q(  the  most 
problems  in  physical  astronomy. 

The  teleacopic  discovery  of  the  planet  Neptune  by  Dr.  Galle,  U 
allusion  haa  been  made  in  ono  of  the  preceding  chapters,  wi 
followed  by  the  discovery  of  a  satellite  of  the  planet.  The  §ci 
astronomy  is  indebted  fur  this  interesting  acquisition  to  Mr.  Lasse) 
important  discovery  in  connexion  with  th»  Satumian  lystem  (sJ 
subsequent  to  the  present  in  the  order  of  time)  we  have  alre| 
occasion  to  meniiou.  On  the  10th  of  October,  1816,  Mr.  Laiae 
engaged  in  observing  Neptune,  perceived  a  small  star  near  it  wl 
Bui^pected  to  bo  a  satellitOj  bttt  a^  the  planet  was,  soon  afterwards 
the  mj&  of  the  sun,  be  was  unable  to  obtain  an  assurouoo  on  tb: 
until  the  following  year.  Observations  made  on  the  8th  and  tlth  c 
1847,  proved  to  hitn,  beyond  all  doubt,  that  the  object  he  or 
perceived  was  in  reality  a  satellite,  and  this  conclusion  waa 
strengthened  by  repeated  observations  of  it  duriug  the  course  of  I 
following  months.  It  was  also  observed  soon  afterwards,  at  Pulk< 
M.  Ottu  Struve,  and  at  CamTiridge,  U.  S.,  by  Prof.  Bond.  Thi 
resting  diaoovtiy  was  made  by  Mr.  Laeael,  with  a  JNiewtomiaii  reA 
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length,  and  '2  feet  aperture,  irbicli  fa«  had  constrncted  \rith 
ids.  It  vi'js  the  first  remard  that  crowned  his  luccessful 
provide  himself  with  tlie  meaus  of  effectually  explonug  the 
it  trna  ouQ  to  'whkb  hia  iagenaiiy  and  perseverance  bad  vrell 

Ltaliite  of  Kepttine  euppUes  a  method  for  determming  the  mass 
st,  iudepeudetit  of  thiit  founded  on  the  perturbations  occasioned 
net,  ita  periodic  time  and  greatest  elongation  are  eletnentt 
feaKtit  of  "whoiie  true  Mdues  is  manifeatly  an  object  of  great 
W  Prof  Pien^e  of  Harrard  College,  tl.  S.,  by  combining  the 
I  of  Meaans.  Lassel  and  Bond,  has  found  tlie  periodic  time  of 
I  to  be  5'  SI**  12™.4.  and  it*  greatest  elongation  to  be  lt)".5, 
[jondiug  restdta  which  M,  Otto  Struve  has  deduded  from  his 
itions  of  the  Batellite,  do  not  exbibit,  8o  close  iiu  agreement 
liatiibers  aa  is  desirable.  According  to  tliat  astronomer  the 
ae  of  the  satellite  amounts  to  S''  iil"^  15»",  and  its  greatest 
to  lii".  These  ciitferent  determinations  of  the  periodic  time 
B  of  the  satellite^  of  course,  indicate  ditlijreut  valucij  of  the  mass 
,et.     The  element  vrhich  otiers  the  principal  difficulty  to  the 

rthe  distance.  Perhaps  some  time  may  elapse  before  its 
ascertained  with  sufficient  precision,  to  justify  tie  hope  of 
^m  it  the  true  value  cf  the  mass  of  the  planet,  an  element  of 
iportAiice  ju  all  researches  relative  to  the  movementa  of  thoae 
1  -which  the  planet  exercises  u  sensible  iafluence.  From  the 
a  of  the  satellite,  it  appears  that  its  orbit  is  ioclined  to  the 
le  ecliptic  at  an  angle  of  ftbout  35°.  but  it  has  not  jot  been 
rhether  the  motion  is  direct  or  retrograde, 
Ters  an  interesting  analogy  to  the  Eartli,  arising  £i*om  the 
of  its  being  attended  by  only  one  Batellite.  When,  how- 
sid  ndvaucdment  of  astronomical  science  in  recent  times  is 
msideration,  it  ^vill  readily  be  admitted,  that  it  would  be 
ton  upon  the  permanence  of  this  analogy.  Huyghens  upon 
7  of  a  siitellite  revolving  round  Satuni  alluded  ivith  conacioua 
bo  the  resemblance  exiadng  betiveen  the  planet  and  the  earth 
pf»ct.  as  fumi&hing  an  argument  in  favour  of  the  Copeniican 
ha  iv'orld  of  a  much  more  conclusive  kind  tban  that  supplied 
htes  of  Jupiter  f,  Satuni,  however,  had  only  accompliabed  half 
1  in  his  orbit  after  this  remark  was  made,  vhen  Ca^sini,  by  hia 
f  two  additional  satellites,  put  a  term  to  the  fancied  rcsem- 

feu.  that  planet  and  iho  earth.     It  must  be  admitted  that 
on  At  leaatf  t^e  advocate  of  the  immobility  of  the  esvtih — for 
may  be  accounted  to  be — gave  an   etfectual  reply  to   the 
£  his  uunary  ontagomst. 


phm 


wiifa  Ibe  brief  ulluijon  in  the  text  to  Mr.  Lais«l^  labourt,  it  may  not 

Ibee  to  cite  tbt  folto««tng  paxuge  from  the    Keport  ftf  the    Coundt 

nocnical  Society,  tetllog  forth  tliu  groundt  upon  wlacb  H  na«  retolTod  U> 

tld  mediu  of  tliti  Sci>c)<?ly  for  the  j^'ear  ISiS.—"  The  nitnple  facts  trfi, 

hii  own  tnfrror,  poliblietl  it  by  machinery  of  his  own  contrivunce, 

tily  in  h'm  own  fuhbn,  and  pkccd  it  to  an  obsenatory  of  hii  own 

'^A  prirata  nmn,  of  nn  large  means,  in  a  bad  climate,  atid  with  liltto  Icimure, 

leei,  or  rivaUcd,  by  ihe  *«ork  of  his  own  hands,  the  contriv ancc  »i  hi»  vwti 

outlay  of  hit  o?rn  pockctt  the  magiiificcnt  refitLclurs  with  which  ihi;  E^ta- 

az\A  the  citiseDs  of  Bosioii  h&ve  endowifd  lli<>  attf^rnntoriL-s  of  Pulkt^wn 

Cambridge." — Month •■  Prod  Ast,  &<c.,  f«;6.  1849. 

took  u.,  p.  631. 
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Of  the  eighteen  satellites  which  at  present  ftre  recognised  as  helotjgiDi 
to  the  phmetary  s^'stem,  seventeen  would  have  for  eirer  remained  unknown, 
were  it  not  for  the  aid  afforded  to  human  vision  by  the  tele&cope.  Kin© 
of  these  satellites  have  been  discovered  exclusively  vvith  the  refmcting, 
and  seven  exclusively  wiih  the  rellecting  telescope.  The  renaainiag 
satellite  waa  discovered  by  the  independent  use  of  two  telescopes,  oae 
of  which  wag  constructed  upon,  the  refracting,  and  tlie  other  npoa 
the  reflecting  principle.  Of  the  satellites  discovered  with  the  ^ef^u:^ 
ing  telescope,  four  (and  these  hy  far  the  most  important  of  Hie  seren- 
teen)  were  discovered  by  the  aid  of  a  little  instruraent  resembling  in 
prindplts  the  modem  opera  glass.  Five  were  discovered  vnth  lele3oop« 
of  immense  focjil  lengih,  constructed  upon  the  principle  originally  recom- 
mended  by  Kepler.  The  Rchromatlc  telescope  can  boast  of  only  ons 
triumph,  and  even  tlwt  is  shared  with  the  reflecting  telescope.  Of  liw 
satellite&  discovered  with  the  reflecting  telescope,  two  were  discovered  wdi 
an  instrument  of  40  feet  focal  length,  and  4  feet  aperture  ;  two,  incltidinf 
the  satellite  discovered  also  with  the  refracdng  telescMjpe.  with  an  itisou- 
ment  of  QO  feet  focal  length,  and  2  feet  aperture ;  and  four  witli  m 
instruraent  of  20  feet  focal  length  and  18  inches  aperture. 

There  is  no  department  of  astronomical  science  which  has  been  Ollti' 
valed  more  assiduoiijsly  in  recent  times  than  that  relating  to  the  moro- 
ments  of  Comets,  The  hjghlj-improved  state  of  the  methods  of  calcalilioii 
relative  to  this  subject,  enable  the  astronomer  with  comparative  eaiM  to 
trace  hack  the  motions  of  comets  throughout  anterior  ages,  and  bvfoti 
fronting  the  results  eo  obt^ained  with  the  contemporary  records  of 
comets,  in  many  instances  to  deduce  conclusions  of  an  in te resting 
valuable  rharacter.  In  this  manner,  it  has  been  recently  found 
famous  comet  of  Halley  was  observed  by  the  Chinese  astronomers 
occasion  of  its  passage  of  the  perihelion  in  the  year  1378,  The  earl 
authentic  account  of  tliis  comet,  contained  in  European  records,  rclstw 
to  its  passage  of  the  perihelion  in  the  year  14^0,  Halley  suspected 
a  comet  which  appeared  in  13&f)  might  be  identical  with  the  one  of  I 
but  from  the  vague  terms  in  which  the  ancient  comet  was  alluded  10, 
found  it  impossible  to  arrive  at  any  trustworthy  conclusions  on  this  poiot 
No  doubt,  however,  can  exist  with  respect  to  the  comet  reeordt^d  in  the 
Chinese  annals.  It  appears  from  the  researches  of  M.  E.  Biot,  ih&\ » 
very  conapicuous  comet  was  observed  in  China  in  the  year  IS78,  Itftt* 
appeared  on  the  a6th  of  September,  and  it  continued  to  be  visible  dttri^ 
forty-tive  subsequent  days.  In  the  work  containing  the  account  ofW* 
comet,  there  is  also  a  minute  description  given  of  the  route  which  it 
travereed  among  the  iited  starij  during  the  period  of  its  visibilitv.  ^^ 
order  to  ascertain  whether  this  comet  wjis  identit;al  with  Halley  s,  »• 
Laugier  reduced  the  elements  of  the  latter  comet  to  the  peribclit»i» 
passage  previous  to  that  of  145('i.  The  most  delicate  point  of  Uii«  *"!■ 
quiry  was  the  determination  of  the  time  of  tlie  passage  of  the  peribeHun- 
which,  lifter  various  trials,  he  finally  fixed  on  Nov.  S.77,  137H.  lliTJo? 
then  calculated  the  position  of  the  comet  on  the  20tJi  of  September.  1!*^^' 
and  also  various  positions  corresponding  to  tho  period  included  bet«M^ 
that  date  and  the  iDth  of  November  fon  which  day  the  recorded  ootft^J 
was  Iml  visible),  be  found  that  the  apparent  path  pursued  hy  it  *g>*''* 
exactly  with  that  indicated  l»y  tho  observations  of  the  Chinese  Asiro'^*^ 
mcrs*.     The  interval  embraced  between  the  perihelion  pa.5sages  of  1'''* 


*  Comptcs  Retidus,  tome  xvi.,^  p.  1004;  CanDiuuajtt>e  dei  Tcmpa,  1840. 
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5^f  is  longer  than  any  other  period  of  the  comet  th&t  has  been 

0  (letermmed  bj  observation  *. 

Besides  the  comets  to  which  allusion  has  already  been  made  in  con- 

neijon  with  the  theory  of  gravitation,  there  are  several  other  bodies  of  the 

same  clasA  which  have  also  been  found  to  revolve  in  elliptic  orbits.     It 

may  be  remarked  that  the  question  whether  a  comet  returns  periodically 

to  perihelion,  or  whether,  after  having  once  visited  the  solar  eyatem,  it 

then  passes  off  definitively  into  the  boundless  regions  of  space,  may  admit 

of  being  resolved  io  two  diilerent  ways.     The  elements  of  two  or  more 

osmiets  may  be   compared  together,  and  if  they  should  present  a  close  re- 

■Diblance,  it  may  be  inferred  that  each  set  of  elements  refers  merely  to  a 

"""erent  return  of  the  same  body.     This  circumstance  will,  therefore, 

e  to  establish  the  periodicity  of  the  comet,  and  the  inten^al  included 

Between  two  consecutive  apparitions  will  indicate  the  time  of  revolution. 

It  ma  by  means  of  such  a  comparison  that  Hal  ley  succeeded  in  estabhsh- 

luq  the  periodicity  of  tlie  famous  comet  which  bears  his  name,  and  in 

predicdug  the  time  of  its  next  return  to  perihelion.     This  was  the  only 

mode  of  determining  the  time  of  a  comet's  revolution  which  Ne^Mon  oon- 

KidereJ  to  be  practicable,  for  he  was  of  opinion  that  all  comets,  viitbout 

txctpiion.  revolve  in  very  elongated   ellipses,   although  for  the  sake  of 

siuiplicity  it  might  be  assumed  that  towards  the  periheliou  the  path  of 

each  comet  did  not  deviate  sensibly  from  a  parabola.     The  great  im- 

piwementa  which  have  been  effected  in  the  methoda  of  calculation  sinco 

Newton's  lime  have  emboldened  astronomers  in  many  instances  to  an- 

nooooe  the  periodicity  of  a  comet,  and  to  assign  the  time  of  its  revolution 

hf  means  of  observations  made  on  the  occasion  of  only  one  apparition. 

This  method  is  undoubtedly  more  direct  and  more  generally  applicable 

than  that  founded  on  the  comparison  of  different  apparitions :  but  the 

ittdta  obtained  by  the  employment  of  it  have  seldom  turned  out  to  be 

littsioctory.      The  errors  of  ohsei-vation   hear  so  large  -a  proportion   to 

tke  deriatiuns  fi'om  parabolic  motion,  which,  iu  this  case,  form  the  real 

iUM  of  the  problem,  and  the  arc  described  by  the  comet,  during  tho  period 

of  its  being  visible,  is  usually  so  small,  that  the  values  assigned  to  the 

iitriodic  time  by  different  computers,  have  frequently  exhibited  a  great 

aiacordance.   With  respect  to  many  of  those  comets  to  which  elliptic  orbits 

We  Iteen  assigned,  their  movements  admit  of  being  equally  well  Fepre- 

Noted  by  parabolas.     It  is  only  in  those  cases  iu  which  it  is  fomid  to  be 

ipossible  to  reconcile  the  actual  motion  of  the  comet  with  any  parabola 

¥er,  that  the  application  of  the  elliptic  method  may  be  expected  to 

trustworthy  results. 

great  comet  of  16BQ  has  been  supposed  to  revolve  in  an  elliptic 
Halley,  by  comparing  it  with  several  ancient  comets,  was  induced 
to  conclude  that  it  accompli.'shed  a  complete  revolution  in  675  years. 
Enlcr  aud  Piugre,  severally,  calculated  its  period  from  the  observations 
''f  ifi&O ;    bat  the  results  at  which   they   arrived   differed  materially 

'  TIhj  following  are  Ibc  period!  which  have  been  derived  from  the  reconied!  observa- 
'wftiof  (he  tatach 

.  .  .  77,38  years. 
.  .  ,  75.21 
.  .  .  76.15 
...  74.f)l 
...  76.40 
.  .  .  76.68 
Comptes  Rendta,  tome  ivi.  p.  lOOfl. 
V 


L^ 


From  1378  to  1456  - 

1450  „  1531  . 

1531  „  1607  . 

16t)7  „  1682  . 

168-2  „  I7.i9  . 

1759  „  1835  . 
BJeM  of  ihcse  p^triods  ia  76, 1  yearB, 
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from  each  oifaer,  as  well  as  from  the  period  vhich  Hallej  had  d^dnc^d  t 
the  light  of  historical  records, 

In  the  jear  1^04,  a,  d.,  there  appeared  a  splendid  comet,  xrhich  wi 
visible  both  in  Europe  and  China^  From  the  resemlilajice  of  its  appi 
rent  path  to  that  of  a  comet  obserred  iu  1556.  it  has  been  conclude 
that  the  two  bodies  are  identical.  Such  is  the  view  of  the  subject  whiai 
has  been  taken  by  Pingre,  Lslande,  and  Yariotis  astronomers  of  the  preseij 
daj.  Mr  Hind,  bj  a  skilful  discusskm  of  the  recorded  obserrations,  hi 
ftrriyed  at  results  which  render  still  more  probable  the  identity  of  tha  t«A 
CDtoets.  If  this  be  true,  the  comet  ought  to  retum  again  to  perih^iot 
about  the  rear  1848,  the  period  being  somewhere  about  Q9i  jmm 
Such  would  he  the  caae  if  the  tootion  of  the  comet  was  effected  solely  If 
ibe  ccntni]  action  of  the  sun.  It  is  necessaty,  however,  to  take  ioto  »* 
count  the  eflectj^  of  plBJietarj'  perttirbatioa  in  delermining  the  precise  tm» 
of  return  to  perihelion.  This  arduous  task  has  been  recenth'  esecuied  br 
M.  Uomme,  a  geometer  of  the  Netherlands,  who  has  found  that  the  tu'tion  uf 
the  planets  will  retard  the  comet's  arrival  in  periheliou  until  the  year  l^SH 
or  iHtiO  *.  It  is  to  he  hoped  tiiat  the  expected  stmnger  will,  iu  due  lime, 
respond  to  the  elaborate  calculations  of  which  it  has  formed  the  subject. 

The  great  comet  of  1811  was  found  bj  Bessel  lo  have  a  period  of  "M^ 
jears,  Several  other  astronomers  who  have  calculated  the  elliptic  ele- 
ments of  this  comet  hare  obtained  results  agreeing  very  nearly  with  ooli 
other  and  also  with  that  deduced  by  fiessel.  Comets  which  take  stub  n 
immense  lenji^th  of  time  to  accomplish  a  single  revolution,  losemucJiot 
the  interest  which  the  periodic  character  of  their  movements  is  otherwiw 
calculated  to  excite.  The  case  ia  quite  different  with  respect  to  w^ 
comets  as  those  of  Encke,  Hiela,  Fa^e,  and  De  Vico,  which  may  be  a- 
pected  frequently  to  return  to  perihelion  during  the  average  perictd  of 
nclmEin  life.  Two  other  comets  have  recentlj  been  found  to  revolw  ia 
elliptic  orbits  of  comparatively  small  dimensious.  One  of  these  flUfldi*- 
corered  by  M.  Brorscn,  on  the  sitiib  of  Febniarr,  1846.  Its  period  la* 
beeti  determined  to  be  about  five  years  and  n  half.  The  last  pasftiigeof  ■ 
the  perilielion  took  place  oa  the  25th  of  January.  1840.  The  othw 
comet  of  short  period  was  discovered  by  M.  Peters,  ou  the  *JQth  of  Juu*., 
1845.  It  has  been  found  by  M.  D'Arresst  thnt  the  obsenationa  of  this 
comet  are  ca|]®ble  of  being  represented  by  au  elliptic  orbit,  with  a  |i«»ij 
of  6804  days,  or  about  sixteeu  years.  I^| 

The  moat  splendid  comet  of  the  present  century  was  that  which  spfwH 
in  the  early  pnrt  of  the  year  184 '3.  The  folhiwing  elements  of  its  tuodflJt 
calculated  by  Siy.  Ciipocci,  will  servo  to  give  an  idea  of  the  orbit  in  vi\a^ 
it  moves.  They  havo  been  selected  for  this  purpose  on  account  of  the  f^r"* 
helion  distance  coinciding  almost  exactly  with  the  mean  of  the  perihelion 
distances  arrived  at  by  various  other  astrouomers  who  have  computed  ^ 
elements  of  the  comet ; — 

Passage  of  the  perihclton,  Febniary  97.5048  

Perihelion  distance     ........  0.00536 

LonjjQtude  of  the  Perihelion 377°  53'  85" 

Longitude  of  ascending  Node !j54*  48'  50" 

iDclination    .     .     . 35^  50'  55" 

Motion  Retrograde. 

•  Mr.  Hind's  cIciupTita  of  the  cotnct  of  1556,  nJien  rnnilmed  as  the  basis  of  ei 
lion,  (ix  the  jinssage  of  (he  perihelion  in  the  jear  laSg,      Halley'^  dement*  mdel"* 
passage  I  wo  yean  mter. 
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I  ftom  the  altove  vdue  of  the  porilieiion  distftnee  tbat  tlie 
ached  nearer  the  eun  than  anj  otlier  comet  recorded  io  Lis' 
|n«t  comet  of  \B^<*  had  been  hitherto  the  most  remarkabU 
Ctcxf  all  Qi06e  comete  whose  elements  had  been  detefmineid, 
Mcfaed  the  eons  sarTace  within  one>third  of  his  diameter, 
itsnoe  of  the  comet  of  1845  frpm  the  sans  surface  did  not 
ore  thftD  one-seTenth  of  the  solar  diameter.  The  comet,  thefe* 
ibed  twice  as  near  the  sun  as  the  comet  of  1680. 

snse  Telocitj  of  the  comet  of  1848,  twhen  revolving  in  the 
td  of  the  SQD.  arising  from  the  small ness  of  its  perthelicin  dis^ 
oned  some  e^itraordinarT  peculiarities  in  it^  motion.  Tbus 
37th  and  98th  of  February  it  described  upon  its  orbit  an 
Supposing  it  to  revolve  in  an  elliptic  orbit,  this  would  leave 
be  described  during  tbe  time  ■which  elapses  until  the  next 
irihelion.  On  the  evening  of  the  27th  of  February  it  de- 
fbole  of  the  northern  part  of  its  orbit,  having  occupied  ontjr 
RSfilng  from  the  ascending  to  the  desce^nding  node.  It  Vf&a 
junction  with  the  eun  ou  the  37 th  of  February.  The  first 
took  place  at  9^  M^  p.m.  The  comet  was  then  revolving 
euQ.  The  second  conjunction  took  place  at  I'i^  15"^  p.  u. 
%»  then  passing  between  the  sun  and  the  earth.  The  time  at 
itcrcating  event  occurred,  prevented  astronomers  from  aseer- 
ier  the  comet  would  bjavc  been  visibk  when  projected  upon 
I*. 

p  suspected  thnt  the  comet  of  1B4S  is  identical  with  another 
litrhich  appeared  in  the  same  region  of  the  heavens  in  tho 
Ictd  which  vrna  vii^ible  at  San  Salvador  in  Brazil,  at  Bologitii, 

II  On  the  evening  of  tbe  5th  of  March  the  comet  wns  seen  at 
jr  by  Father  Valemine  Estaucel.  It  then  appeared  a  little 
litem  horizon.  The  tail  measured  23""  in  length,  and  resem- 
I'  beam  of  light,  e:ttending  nearly  in  a  horizontal  direction 
Iteouth,  Its  light  was  so  vivid  tl^t  persons  standing  on  the 
Aiabled  to  discern  its  reflexion  on  the  sea  ;  but  the  head  was 
D  be  scArcely  visible  f.  The  comet  was  observed  by  the  same 
I  the  7lh  of  March.  Cassini  oboeired  it  at  Bologna  on  the 
m  of  the  same  month.    Drnwinp  of  the  direction  of  its  tail, 

6  by  bim  on  those  days,  were  afterwards  coramuniMited  by 
A«i^emy  of  Sciences  J.  It  is  a  remaj-knble  fact  that  if  this 
^osed  to  bnve  passed  its  perihelion  on  the  27th  of  February, 
HBsilian  observations,  as  well  as  those  of  Cassini,  will  be  repre- 
BoBicieut  accurncy  by  the  orbit  of  the  comet  of  1848.  This 
ito  the  comet  a  period  of  exactly  Mb  years. 
lots  of  tbe  comet  of  1B43  presented  also  a  strong  resem- 
|Be  of  a  comet  observed  in  1 OKQ.  The  most  discordant  ele- 
^  iiicliuation.  which,  in  the  cnse  of  the  latter  comet,  amounted 
bording  to  the  calculations  of  Pingr/^.  The  same  astronomer 
Ipage  of  the  perihelion  to  luive  taken  place  on  December  1.0, 
Capocci.  however,  remarked,  tlmt  if  the  comet  be  scpposed 
1^  its  perihelion  on  December  !),  all  tlie  recorded  obser- 
1^  accuralely  satisfied  by  the  elements  of  the  comet  of  1848. 

icwlufi  totne  xvi.,  p.  64^  4   CiW'togra]»|||e,  tOTne  ij.^  p<  SSL 

J  M*tn.  Acad,  dcs  Sdence*,  1702.  p,  107. 
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Hence,  in  order  to  reconcile  this  concluflion  with  that  arrived  at  relativ* 
to  the  comet  of  I6fli4,  it  would  be  necessary  to  diminish  the  period  of  Iht^ 
comet  to  21  years.     But  there  are  other  comets  which  ajstroupmers  hnve 
Huspected  to  be  identical  with  the  comet  of   184-3,  especialtjr  those  of 
1618   and  1702,      Capocci,  therefore,  suggested  the  probabilitj  of  (ia 
period  of  the  comet  heing  Bomewhere  about  seren  years,  remarking  that 
this  hypotliesis  would  afford  a  satisfactory*  account  of  Dumerous  apparitiow 
of  comets  recorded  in  history.     The  opinions  of  this  astTonoraer  barert- 
ceived  a  remarkable  confirmation  from  the  subsequent  resiearcbes  of  Prof. 
Pierce  and  M.  Clausen.     Prof.  Pierce  bavin;?  recomputed  the  elemoute 
of  the  comet  of  1 689,  obtained  30"  25'  for  the  inclination  of  the  orbit. 
This  result  agreed  almost  exactly  with  that  obtained  for  the  inclinafiou 
of  the  comet  of  1813.     He  also  found  the  passage  of  the  perihebon  tu 
have   taken  place    on   December   9,l-ili3,    1089,      M,    Clansen    baWng 
discussed  the  totality  of  the  observations  of  the  comet  of  IS  13,  found  liiat 
they  would  be  beat  represented  by  supposing  the  comet  to  revolve  ro  Ut 
elliptic  orbit,  the  period  of  which  he  tixed  nt  B.S  years.     It  is  not  essjio 
reconcile  this  conclusion  with  the   fnct  of  the  comet  not  having  bew 
more  frequently  recognised  on  former  occasions  of   its   return  to  peri- 
helioii.     This  circumstance  may  be  accounted  for  in  some  instances  fcf 
tlie  peculiai"  position  of  the  orbit  of  the  comet,  in  others,  perhaps,  hf 
changes  in  its  physical  constitution,  which  i»ay  exercise  a  material  in- 
fluence on  its  visibility. 

The  physicut  constitution  of  comets  forms  a  subject  of  research  «t  ooee 
so  varied  and  extensive  that  it  baa  been  deemed  expedient  to  detoted 
separate  chapter  to  an  account  of  the  labours  of  astronomers  in  wi>- 
nexion  with  it. 


CHAI>TER  XV. 

GcneraJ  Aspect  of  Coracb, — Translucency  of  Comolic  Maitcr. — Siriicture  and 
memions  of  the  Envelope, — ^DL'scriplton  (if  the  Tail. — It«  Direction  aiirl  Ciif<i- 
ture, — Peculiarilicft  of  Structurt?. — tJimensLona.. —  PhcDonaeBa  Observed  during  '*• 
Passajsc  of  Comcia  rhmugli  (heir  Perihetia.— Comet  of  Hal  I  l\v. —Comet  of  l'B9,— 
Vnriatiun  ot  the  Volume  of  Coniei*. — Hcvelius. —  Newton.. —  Struve.— IKTScliO^"" 
DiHohmoo  of  CoinctB,— Historical  Sfatettieiit  of  CphoruF, — Comet  of  Bielt.-I>f»f- 
lopemenl  of  ihe  Tail — Comet  of  1680.— Coiul-i  of  1769,— Anomalous  Appc3«ii«li« 
tho  Tail. —  [nstances  of  RGmarkislik  Comets. — Hypotheses  respecting  theiT  PhjsiS'' 
Coiislitution. — Tlieories  of  tlie  Variation  of  a  Cumet's  Volume.  —  Newlori. — Val».— 
Herst^hul,  —  Theories  of  the  Tails  nf  Comets.  -  Kepler — Newton. — Etcctric.il  ThW-' 
LiRht  of  Comets, — Appearance  of  Pha-^es. — Ca'tetnj. —  Cacciatore. — Pokriiafioiiw  ^^ 
Light  of  Comets. — Researehes  of  ArojEfO. — Qucslion  respecting  ihc  Solidity  of  Ccffl"* 
—  Newton. — Laplaee.  —  Smallncssof  a  Comet's  Mass. —  U  lit  mate  condition  of  Coni(*"'7 
.  Eodiei. — Ojiinions  of  Newton,  Laplace,  and  Hersthel  on  tliis  ptJinL 

The  question  rolutive  to  the  constitutioti  of  Comets  is  one  of  the  most  in- 
teres tuig  in  Iho  whole  range  of  celestial  physics.  There  is  somethings 
the  sudden  apparition  and  strange  aspect  of  these  bodies  which  is  c*l<"i* 
lated  to  arrest  the  attention  of  the  most  careless  observer  of  nature.  "^ 
former  ages  tbey  were  regarded  with  superstitious  dread,  as  mtinifesiatioJis 
of  divine  displeasure,  and  the  harbingers  of  impending  calamities.  EvdT 
feature  in  their  appeanince  was  gazed  upon  with  intense  anxiety,  and  '^^ 
assimilated,  Liy  tfie  influence  of  an  excited  imaginatiou,  to  the  awe-inspin^^ 
lineament  of  a  supernatural  phantom.    In  recent  times,  when  a  more  *^* 
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of  civilization  lias  led  to  juster  views  of  celestial  phenomena, 
an  interesting  branch  of  study  to  enquire  into  the  ruiture  of 
anil  the  purposes  which  they  fulfil  in  the  economy  of  the  material 
I.  And  ullbough  it  must  be  acknowledged  that  little  progress  htis 
)  beeo  made  towards  obtaining  a  satisfactory  sohition  of  these  qnes' 
^1  a  multitude  of  facta  have  been  di^clos^d  by  the  observations  of 
Hers,  which  have  formed  the  groundwork  of  much  ingenious  epectt- 
md  have  tended  to  thi-ow  Bome  degree  of  light  ou  the  mysturiouB 
^ta  which  they  relate. 

)t3  exhibit  various  peculiarities  by  means  of  which  they  are  readily 
Bshahle  from  other  Itodies.  The  light  by  which  they  shine  ia 
^  pale,  compared  with  that  of  the  planets  or  stars.  The  principal 
fiieir  atnictore  is  the  head,  which  presents  the  appearance  of  a  ne- 
pody,  more  or  less  condensed  towards  the  centre.    Within  the  head 

I  point  is  seen,  approaching  in  lustre  to  a  planet.  This  is  called  the 
kof  the  comet.  The  nebuloiiity  of  the  head  is  surrounded  by  a. 
Biour,  lormed  the  coma.     But  the  most  remarkable  part  in  the 

II  of  a  comet  is  the  tail,  which  appears  as  a  long  train  of  light 
pom  the  head.  Although  these  are  the  more  prominent  features 
It  comets  arc  in  many  instances  characterised,  they  are  foutid  aclu- 
KKhibit  a  great  varie^  of  aspect,  JIultitudeg  of  cometSj  which  are 
Bily  in  telescope-^,  present  neither  util  nor  nucleus ;  hut  merely  re- 
l«  round  mass  of  vapours  slightly  condensed  towards  the  centre. 
f  those  ciomets  which  are  visible  to  the  naked  eye  there  havo  been 
ych  did  not  exhibit  the  usual  features  of  these  bodies.  The  comet 
f,  observed  by  Tycho  Brahe,  possessed  neither  tail  nor  cwma,  but 
^  perfectly  round  like  a  planet*.  Various  examples  of  the  same 
i  to  be  found  in  the  records  of  astronomical  ohservatiuu, 
bubstance  of  which  comets  are  composed  i&  characterised  by  an 
I  degree  of  tenuity.  This  has  been  inferred  from  the  fact  that 
pre  been  seen  through  them  without  exhibiting  any  sensible  dimi- 
pi  lustre.  Even  as  early  as  the  time  of  Seneca  it  was  remarked 
IIB  were  occa'^ioiially  visible  through  the  substance  of  comets.  It 
Irell  be  supposed  that  the  rude  observations  of  ancient  times  would 
bable  of  indicating  delicate  alterations  of  brightness,  even  although 
Buld  extat.  Modem  astronomers,  however,  universally  agree  in 
Btisg  the  tratiBlucency  of  cometic  matter  to  be  in  most  easels  so 
na  to  oBer  no  obstacle  to  vision.  Numerous  obsen'atioiis  might  be 
i  coniirmatiun  of  thii*  fact.  Thus,  ou  the  9lh  of  November,  1705, 
Blam  Her^hel  observed  the  comet  of  that  year  pass  centrally  over 
•Opio  double  star  of  the  eleventh  or  twelfth  magnitude  ;  but,  not- 
^ding  thb  circumstance,  the  smaller  of  the  two  component  fitai's 
|i^,  during  the  whole  time  of  the  transit,  to  be  diatiuctly  visible  f, 
iperceived  a  star  of  the  tentli  magnitude  through  the  comet  of 
Ibut  he  was  unable  tn  persuado  himself  that  it  exhibited  any  dimi- 
lof  its  usual  brightness.  Oji  the  7Ui  of  November,  IB'iS,  M. 
[perceived  a  star  of  the  tenth  magnitude  within  a  few  seconds  of 
g;btest  pflrt  of  Encke's  comet;  but  the  light  of  the  star  did  not 
p  he  enfeebled  in  the  slightest  degree.     Sir  John  Herschel,  in  a 

IfAroUipd*  extiiit;  ncc  ulUin  csiidam  out  barbain  in  utwm  ougu  quma  in  aliiuii 
^■^BHlt     i£pUt.  ad  Landifrav.  p.  i3.) 

^^^^UTdO,  PL   I.,  p.   13d.     This  comet  W&8  discovered  by  UiiS  CaroUoe 
P^nVlRacc  been  ascertained  to  have  been  nn  apporiiion  of  Encke'i  <!omet. 
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paper  on  Bieks  comet,  which  appears  in  the  "  Metnoira  of  the  . 
mical  Society,"  has  nientioued  a  fact  which  alrikingly  illustrates  tl 
pareiicjr*  of  the  gubetance  of  which  cotnets  are  composed.  Th 
mviiig  pai>ist!(l  over  a.  small  cluster  of  stars  of  the  ei^x^teenth  o 
teenth  magiiiLuctG,  the  iippeamuce  presented  was  that  of  a.  nebu] 
resolvable  itito  sUin.  The  loo^t  triHiog  fog  would  have  efiaced  t) 
but  in  the  preseut  inatauce  they  still  continued  to  be  visible,  i 
the  comelic  matter  iuterputied  between  them  and  the  observer  m 
been  at  least  5r>,<X>0  miks  in  thickness*.  It  might  be  expects 
Star  when  seen  through  the  eubstance  of  a  comet  wotild  dumr  i 
reut  disiplacement,  from  the  refraction  exercised  hj  the  ootti«t3i 
upon  the  rays  of  light  proceeding  from  the  star  to  the  obserrgr. 

f)h.eaomijuo[i,  however,  iins  ever  been  detected  by  any  astTonon 
mportaiit  observation  waii  made  by  Bessal,  with  the  view  of  deeii 
interesting  point,  on  the  occ^iou  of  the  last  apparition  of  IJalley 
On  the  'idth.  of  September,  1 835,  a  star  uf  the  tenth  maguit 
preached  within  7".78  of  the  nucleus  of  the  comet,  but  itJs  i 
position  wud  not  afTecled  lu  the  slightest  degree  f.  It  is  manij 
this  circuraetantie  that,  unless  the  matter  of  which  a  comet  is  c 
diifars  ia  it^  essential  properties  from  other  material  BubstajiceB 
pofltMB  a  degree  of  tCduity  which  is  quita  inconceivable. 

The  nebulosity  in  which  a  comet  appears  enveloped  is,  tn  i 
itancee,  separated  from  the  head  by  a  dark  space,  iuiiicative  of 
parent  atmosphere.  Tbi^s  formed  ot^e  of  the  must  i^trikiiig  featurt 
great  comet  of  1811  *.  On  the  side  turned  towards  the  sun  there  i 
a  semicircular  ring  of  light  enveloping  the  head,  but  mainiained  «j 
tinot  from  it  by  a  dark  interval  of  uniform  breadth,  through  whi 
stars  were  visible.  Thu  opposite  extreniitias  of  the  luminoua  si 
extended  beyond  the  head  in  two  slightly-diverging  streams  of  li^ 
Biouitig  the  appendage  of  the  tail.  By  an  attentive  examinatio 
different  parta  of  the  comet  during  the  period  of  its  visibility,  Sir 
Her»chei  was  conducted  to  a  remarkable  conclusion  respecting  : 
ture,  from  the  circumstance  of  the  semicircular  envelope  « 
e&hibiting  the  same  appearance,  be  inferred  that  it  was  in  reality 
bemisphere ;  for  ho  justly  remarked  that,  if  it  was  similar  in  i 
to  the  ring  of  Saturu,  it  could  not  fail  to  undergo  a  sensible  o 
apparent  form,  iti  consequence  of  tbe  variable  position  vrhich  it  i 
Arising  from  the  do  m  bine  d  motion  tj  of  the  earth  and  the  do  mi 
darkue^s  of  tbe  space  between  tbe  luminous  semicircle  and  the  hi 
from  the  line  of  vision  not  traversing  a  sufficient  depth  of  the 
matter  to  rendt<r  that  part  of  the  envelope  visible.  This  wU 
mauifeat  when  it  is  considered  that  the  hemispherical  envelop©  W( 
towards  the  centre  iu  a  direction  almost  perpendicular  to  its 
whereas  in  those  parts  where  the  semicircle  was  visible,  the  line  * 
being  a  tangent  to  tbe  liiirfuce  of  the  envelope,  traversed  a  mud 
depth  of  matter,  and  thereby  occai^ioned  a  greater  conoentration 
From  the  transparency  and  uniform  breadth  of  the  dark  inten 

•   Mem.  Alt.  Sac.,  vol.  «.,  p.  99,  et  seq. 

t  Cwnnaissance  des  Temps,  1840,  Addit.,  p.  97, 

i  The  year  1811  wu  dittinguhliL'd  by  Ihe  appariliaa  at  two  cornels, 
(be  1IMX4  coospieuoui  ini  that  which  first  becaise  viBlbl«,  TbU  h  the  conu 
allusion  will  be  made  on  crerj  future  oecjuion,  nrhcn  apeaking  of  the  ooox 
uute««  the  set-'on(J  comet  be  expressly  mejitioDcd, 
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•fUltei  the  «nT«]op€  from  the  head,  Kerschel  coDcladed  that  the 
BMMt  ma  eucomp&ssed  by  an  elastic  atmosphere.  In  ruicordanco  with 
tM«^suppoittioD,  the  semieireukr  ring  of  light  would  repr(^geut  a  stratam  of 
wbulixu  nmtter  suspended  in  the  atmosphere  of  the  comet,  at  a  coiafiider- 
|U«  difltance  from  the  head. 

ObscTTaliorns  of  many  other  comets  lead  to  the  belief  that  they  easen- 
lidlj  resomLIe  in  structure  the  cuniet  of  18)1,  but  in  every  case  the 
<(f4mit  fbrm  h  moditied  by  circumiitanct^s  depeuding  on  the  peculiar 
cotutittttJoTi  of  each  body.  Thuu  alLbougb  die  dark  interval  interposed 
between  the  envelope  and  ibe  bead  was  very  aitparenl  in  the  comet  of 
leill,  yet  in  most  iuBtatices  such  a  phenomenon  is  uot,  discernible.  Ita 
ibieace  may  be  accouutad  for  by  supposing  the  stratum  of  nebulous  matter 
to  be  ef  sufiSctent  depth  to  cause  it  to  be  everywhere  visible.  Hence, 
ihbDugh  it  he  euapended  at  a  considemble  elevation  above  the  more  t^on- 
Umd  poriiun  uf  the  comet,  the  mtermt^^diate  space  will  uot  be  anywhere 
tppucnt. 

The  extreme  tenuity  of  the  matter  composing  the  head  and  the  aur- 
tMiiding  nebulo&ity  of  comets  has  been  already  mentioned.  On  the  other 
hai,  the  dimensions  to  which  these  parts  swell  out  h  frequently  enormous, 
"ipscliel  found  that  tlie  heail  of  the  comet  of  ISII  had  a  diameter  of 
MQ  miles  *.  The  diameter  of  the  envelope  was  found  by  the  same 
■Knutomer  to  be  at  least  M'iMi)  miles  f. 

has  been  stated  that  Avithin  the  bead  of  a  comet  there  is  usually  ft 

t  point  termed  the  nucleus.     This  is  tbe  only  part  of  it^  structure 

excites  any  suiipicion  of  a  solid  substance.     SSome  Gujti'ouomers^ 

er,  maintain  that  the  imcleus  ia  conipused  uf  nebulous  matter,  like 

Other  ftarts  of  the  comet,  dtfTenng  from  them  only  in  tbe  superior 

tion  of  ita  pftrticJes.    An  observation  of  the  comet  of  iH'ib,  by 

Tobn  Kerachel,  tends  to  support  this  opinion.     Having  examined  the 

t  itith  a.  lu-feet  Newtonian  telescope,  be  perceived  a  eteUar  point 

d  to  indicate  a  solid  nucleus.     When  he  sought,  however,  to 

stronger  aesuranco  on  this  point,  by  the  aid  of  a  rfO-feet  reflectorj 

ninsiou  was  si>eedily  dispelled.     The  comet  now  assumed  the  appear-f 

)  of  A  milky  irresolvable  nebula,  the  centre  exhibiting  a  round  diak, 

titli  a  brightneas  equal  almost  to  that  of  a  planet,  but  without  a  definite 

outline  or  the  least  suspicion  of  a  brilliant  iK>int  I,     Beasel's  observations 

<d  Halley's  comet  conducted  him  to  a  similar  conclusion.     When  the 

eosaet  was  examined  with  a  low  magnifying  power,  there  appeared  within 

I  bright  nucleus  of  measurable  dimensions,  but  when  a  higher  power 

*i^  apphed  ta  the  telescope,  no  such  phenomenon  was  any  longer  per^ 

c«jjtible  I. 

^»  It  would  seem  from  the  observations  of  astronomers,  that  any  indication 
^Va solid  substance  presented  by  cometory  bodies  is  invariably  di^ipelled 
^^mn  the  comet  is  examined  with  a  magnilying  jxiwer  adequate  to  disclose 
^PhMbalous  structure.  A  decisive  test  of  the  real  nature  of  tbe  nucleus 
"'«!■  comet  would  be  afforded  by  on  observation  of  ita  transit  over  a  star. 
^Wemeoa  of  this  kind  are  of  very  rare  occurrence ;  but  iustajiccs  have 
^  motioned  by  astronomers  which  go  to  support  the  opinion  that  the 
^DcIkis  of  a  comet  is  composed  of  a  solid  substance.  Messier  has  stated, 
^tou  the  ISth  of  August,  1774,  wliile  engaged  in  observing  the  comet 

•  Phil  Trans.,  1812,  p.  I'il.  f  P^iJ'-  Trans..  1812,  p.  123, 

t  MeiD.  Alt.  Soc.,  vol,  ii.,  p.  486,  tn  seq. 

i  Caoaaiaaace  des  Terape,  IBiO,  Addit.,  p.  61. 
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which  Montaigne  bad  recently  discovered,  he  perceived  a  very  emi 
near  it,  and  that  after  the  lapse  of  about  four  houre  another  star 
"risible  in  its  vicicitj'.     He  renoarked  that  the  circumstance  of  tlie  on 
star  being  seen  before  the  other  couM  not  be  accounted  for  by  suppoeia 
the  second  star  to  have  been  originally  obscured  by  the  glare  of  the  mooo; 
light,  since  it  'was  equally  bright  with  the  first,  and  he,  therefore,  came  u 
the  conclusion  that  it  must  bave  been  actually  bid  behind  the  solid  tin- 
cleus  of  the  comet  *.     Wortmann  has  also  mentioned  that  in  the  year  iSiS 
he  witnessed  the  extinction  of  the  light  of  a.  star  of  the  eighth  maguitiKjo 
by  the  passage  of  Euckes  comet  over  it.     Neither  of  these  observiitiaoi 
have  been  deemed  sufiBciently  trustworthy  to  warrant  the  conclusion  ihtt 
the  nucleus  of  a  comet  is  in  any  instance  a  real  indication  of  a  solid  bodjT. 
On  the  other  band,  there  h  no  decisive  proof  that  the  nucleus  is  wbolfyirf 
nebulous  structure,  for  in  all  tiiose  cases  that  bave  been  cited  to  doinoti- 
atrate  the  extreme  tenuity  of  cometic  matter,  there  has  either  been  no  ap- 
pearance of  a  nucleus  at  all.  or  the  comet  has  not  passed  centi-allv  orettlia 
celestial  body,     Bessel  is  of  opinion  tliat  until  some  unequivocal  transit  of 
the  nucleus  of  a  comet  over  a  slAr  be  observed,  it  will  be  impossible  to 
arrive  at  any  positive  conclusioa  respeotlug  its  physical  sti'ucturel. 

Attempts  have  been  made  to  determine  the  absolute  magnitude  of  the 
nucleus  of  a  comet  by  the  measurement  of  ita  apparent  diametflr.  In 
thia  manner  Schroetcr  found  that  tbc  nucleus  of  the  comet  of  1700  h*^* 
diameter  of  373  miles.  Sir  William  Her&chel,  by  a  sioiUar  process,  found 
that  the  nucleus  of  the  coraet  of  1807  had  a  diameter  of  &38  miles.  The 
same  astronomer  computed  that  the  nucleus  of  the  second  comet  of  ISU 
measured  2037  miles  in  diameter.  These  results  are  very  uncert«iiii 
in  consequence  of  the  sraallncss  of  the  angles  which  the  nuclei  of  coiftels 
usually  subtend ;  moreover,  the  phenomenon  of  a  nucleus  may  be  whoHj 
illusory,  as  certain  observations  already  cited  would  seem  to  indicate. 

It  has  been  stated  that  the  tail  of  a  comet  usually  appears  as  an  esten* 
sion  of  the  nebulosity  envelopiug  the  head.  The  two  luminous  stfMH* 
composing  it  continue  to  appear  quite  distinct  even  at  some  distance  fww 
the  head,,  but  towards  their  extremities  they  gradually  become  confoundw 
together  by  means  of  scattered  light  pervading  the  space  between  tbe^], 
An  attentive  examination  of  the  appearance  presented  by  the  tail  of  dje 
oomet  of  1811,  during  the  period  of  ita  visibility,  led  Sir  Willifli* 
Herscbe!  to  a  conclusion  respecting  its  stracture,  analogous  to  tbftt  ^l^^ 
corresponding  observations  of  the  envelope  had  suggested  to  him.  "* 
found,  in  fact,  that  the  two  luminous  streams  proceeding  from  the  op- 
posite sides  of  the  envelope  continued  to  form  the  bounding  sides  of  ^^ 
tail  in  every  position  in  which  the  comet  was  viewed.  Thia  is  the  W*' 
sequence  tbat  would  ensue  if  the  tail  had  been  in  reality  composed  w 
a  hollow  cone  of  matter  attached  at  its  narrower  extremity  to  the  hen*'* 
6pherical  envelope;  for  the  line  uf  vision,  being  a  tangent  at  the  sid*** 
traversed  a  much  greater  depth  of  matter  than  towanla  the  miduW- 
where  it  was  perpendicular  to  the  surface  of  the  cone. 

The  direction  in  which  the  tail  extends  relatively  to  the  head  i«  g*"^ 
rally  opposite  to  that  in  which  the  sun  is  situated,  Appian  is  the  first  w 
European  astronomers  who  remarked  this  fact*  having  been  led  to  i'* 
discovery  by  his  observations  of  the  comet  of  1531,  and  of  four  otb*' 


•  M^m,  Acad,  dea  Stlciicest  1775,  p.  44fi* 

f  Connaiasaucc  doi  Tempt,  lB4d,  AdilU.|  p,  98b 
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wliich  appeared  l>etween  1531  and  1639,  Strictly  speakiDg,  in- 
be  axis  of  the  taU  does  not  coincide  exactly  with  the  prolongation  of 
B  joining  the  sun  and  the  comet.  It  generally  inclines  towards  the 
in  wbidb  the  comet  has  been  recently  moving,  and  as  the  iadina- 
creases  with  the  distance  from  tlie  hea(3,  it  wilt  necessarily  exhibit 
i  curvature.  This  deviatiou  of  the  tail  from  a  rectilinear  direction 
I  especially  Temarhable  when  the  comet  is  near  the  perihelion.  It 
in  generally  found,  al^io,  thai  the  tail  appears  brighter  and  better 

on  the  conve:K  or  preceding  side,  than  it  does  on  thd  opposite 

wigU  Appian  has  undoubtedly  the  merit  of  being  the  firat  of  Euro- 
itronomers  who  discovered  that  the  diret'tion  of  the  ttiits  of  comets 
[ly  opposite  to  that  of  the  aun,  it  appetira  from  the  researches  of  the 

Ei  Biol,  that  the  same  fuct  was  known  to  the  Chinese  astronomers 
oeh  earlier  date.  In  the  annals  of  the  Dynasty  of  Thong,  which 
I  in  China  between  the  years  G18  and  OCT  of  the  Christian  em, 
i  an  ac<»unt  of  a  comet  which  appeared  on  tho  ^iiind  of  March,  ^37, 
a  foUo'niug  days.  The  account  concludes  with  this  reroarh,  "  In 
I  when  a  comet  (literally-a  broom)  appears  in  the  morniug.  the  tail 
1  tawards  the  west ;  when  it  appears  in  the  evening  it  extends 
f  th©  east.     This  is  u  constant  rule"! 

Hi  have  occasionally  been  observed,  the  taila  of  which  hiive  been 
Bud  by  remarkable  pecuharities ;  Chesaux  slates,  tliat  the  cotuet 
fiiftd  six  tails  spread  out  in  the  form  of  «u  immense  fan.  Accord- 
Beasel,  the  comet  of  1807  had  two  tails,  one  making  an  angle  of  8" 
le  prolongalio:t]  of  the  radius  vector;  the  itther,  which  was  fointer, 
I  an  angle  of  '49°  wiih  it.  The  comet  which  appeared  towards  the 
f  IbU'd  had  two  tails,  one  extending  in  the  u.sual  directicu,  the 
uttied  almost  towards  the  sun.  Lateral  tails  have  also  l>een  occa- 
f  seen.  Thus,  during  the  fu*st  three  days  of  March,  the  great 
t(  1843  vras  observed  at  Chili  to  have  a  lateral  tail  issuing  from  the 
1  one  at  a  distance  of  10°  from  the  head,  and  ejEtending  to  a  much 

length  than  the  other  I. 

tails  of  comets  frequently  exhibit  an  imposing  aspect  in  conse- 

of  their  immense  apparent  lengths.  According  to  Longomontanus, 
•at  t'omet  of  1618  extended  over  an  arc  of- the  heavens  equal  to 

The  tail  of  the  comet  of  1 680  measured  90°  at  Constantinople. 
IX  states  that  the  six  tails  of  the  comet  of  1744  varied  in  length 
■0*  to  44°.  According  to  Pingre,  the  tail  of  the  i-omet  of  1709 
»d  07°  long  in  tropical  countries.  The  tail  of  the  comet  of  18i3 
served,  under  tho  same  favourable  circumstances,  to  extend  over 
of  65". 

to  he  remarked  that  the  foregoing  measures  cannot  he  considered 
easing  tho  character  of  definitive  results.  The  tail  of  a  comet  is, 
,  found  to  vary  in  apparent  length  in  different  climates,  indicating 
r  that  its  aspect  depends,  to  a  certain  extent,  on  the  state  of  the 

ii  phfinometion  appears  to  ha^fe  been  6rst  remarkctl  in  Ihc  gre«t  comet  of  I6l8. 
u)i  in  9.  passage  cited  by  Hevelius,  dcj-eribes  it  with  f^reat  perspicuity  in  the  fol- 
lenDS: — "  Cauda  pro  niolu  cupitis  traeta,  imtar  corou  incurvabalur  niodicdt 
I  earn  partem  qua  ficidebat  libi  tcthet^m  phnt^  iJ^labra  d^nslor  erat  ac  compttclior; 
ro  folutior  ac  villoaior."  (  Cometonraphta,  p.  4^0 
mptes  Readua  de«  Sdcnocs,  tome  xvi.g  p.  7d). 
d.,  tome  xvii,,  p.  362. 
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fttmoaphera  through  which  it  is  viewed.  Thus,  at  Pans,  the  tail  of  the 
comet  of  )6hO  hc^  &2'''  long;  at  ConstantiDople  it  was  dO\  The  titildf 
the  comet  of  ]700  w&a  A'V  long  at  Loudoa  on  the  Qth  of  3dptem)i«r  Oa 
the  same  da.j  it  ira^  55"^  loag  at  Paris  :  at  the  lele  of  Bourbon  it  ma  (0"; 
at  TeaerifiTo  it  was  75 ^  On  the  I  )th  of  September  it  wai  90''  at  ««s:  at 
die  Inh  of  Bourbon  it  was  07''*,  The  tail  of  the  oomot  of  Idid  didnot 
measure  mora  ilum  40'  in  Eaglaod  or  Fmnce ;  in  tropical  countriee  iXfU 
found  to  extend  over  an  arc  of  Qy. 

The  absolute  teugths  of  the  tails  of  some  cometd  are  ^till  more  olcfl' 
laied  to  excite  sur]>nse  than  their  apparent  lengths.  The  tail  of  thegNit 
comet  of  16B0  was  Uti  miUioQs  of  miles  long.  The  tail  of  tbecometof 
17G0  bad  au  absolute  length  of  38  millions  of  milefl.  Accot^^  to 
llerschel,  the  tail  of  the  comet  of  1811  mast  hare  been  mitre  th&D  lOO 
milUoTis  of  mile^  long  on  the  ISth  of  October.  The  tail  of  the  comet  of 
184y  attained  a  length  of  150  million!*  of  miles. 

The  apparent  breadth  of  the  tail  of  a  comet  seldom  exceeds  a  is* 
degrees.  Each  of  the  &l\  tails  of  the  comet  of  1744  was  4'^  broad.  Tlu 
tall  of  the  comet  of  IB  11  was  found  bj  Herschel,  on  the  12th  of  Oelobtr. 
to  have  a  ma£.imum  breadth  of  6''45'.  Small  as  these  measures  Off 
appear  to  be,  they  indicate  absolute  dimensions  of  very  considerable  nils' 
nitude.  Tbus  Herschel  found  that,  on  the  ISth  of  October,  the  gretWrt 
anudar  seodun  of  the  tail  of  the  comet  of  1811  had  ou  absolute  luiuneter 
of  15  millions  of  miles  f. 

It  is  obvious,  from  the  foregoing  results,  that  ttte  volumes  of  the  fails  of 
cometa  must  ha  enormous.  Nor  is  tliere  any  dilhrulty  in  ai'vounling  (it 
BUiCh  vast  emaualious  frcim  the  comparatively  smtdl  dimeosiona  of  th* 
head,  for  such  is  the  e^ccessive  tenuity  of  the  substaiice  composing  the  ttil 
of  a  comet,  that  a  very  small  quantity  of  matter  would  sut&ce  for  its  pro* 
duction.  Newton,  with  the  view  of  illusti-ating  this  point,  calculated  that 
if  a  globe  of  common  atmospheric  air,  one  iufh  in  diameter,  was  exp«nJ«l 
»o  as  to  have  an  equal  degree  of  rarity  with  the  air  situated  at  an  elctstion 
Above  the  earth's  surface  equal  to  the  eartli'a  semi- diameter,  it  would  till 
the  wholo  plane  tar)'  regions  as  far  as  the  sphere  of  Saturn,  and  would  a^oo 
e:(teud  a  great  deal  farther^. 

The  phenomemi  exhibited  bj  one  of  tbe  more  oongpteuous  comets  donoiS 
the  period  of  its  apparition  afford  unequivocal  indicaLions  of  tbe  powerful 
iufluem^e  exercised  by  the  sun  upon  the  nhysical  constitution  of  lb** 
bodies.  When  a  comet  first  becomes  visible  previous  to  iia  passage  of  ^ 
perihelion,  it  usually  presents  the  appeaimice  of  a  pale  nebulous  body  ^^^ 
a  point  more  or  less  bright  in  the  centre,  but  without  any  trace  of  copi^^' 
tail.  As  it  continues  to  approach  tlie  sun  the  uebuloeity  becomei  tpf'^ 
apparent,  oud  the  head  exhibits  an  increased  degree  of  brighttidsi,  ot»  *^' 
eide  wliich  is  turned  towards  the  sun,  subject,  however,  to  variations  tff  **" 
eiceedingly  irregular  character.  The  tail  at  the  stim©  time  comes  >"* 
view,  and  gradually  increases  in  length.  After  tbe  passage  of  the  ^^ 
helion,  the  same  jiucceasion  of  changes  occurs  in  a  reverse  order,  the  off^ 
finully  assuming  tbe  appearance  presented  by  it  when  it  firet  bw^tfJ" 
visible,  and  soon  afterwards  vanishing  altogether  from  obseri'ation.  1''^ 
phenomena  witnessed  on  the  occasion  of  the  last  apparition  of  Hall«^/ 
comet,  both  before  atid  after  the  passage  of  the  periheUou,  are  hi^'^'J 

•  CottuHofraphie,  tomen.,p.  194.  f  Phi),  Tr«i».,  1613;  p.  ISt 

I  Friucip.,  lib.  iii.,  prop,  41. 
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ftnd  suggeslire.     Previous  to  the  2nd  uf  October,  1885,  the 
fsented  merely  il  round  nebulous  disik,  with  a  faint  nucleus  in  the 
Wkeu  observed  by  fiessel  on  lb e  evening  of  that  day,  the  nucleiu 
I  found  to  b&ve  suddenly  iicquired  a,  high  degree  of  briUiancy,  and  from 
liere  appe&red  to  issue,  oti  the  side  lowordB  the  sua,  a  cone  of  light 
eh,  afi^r  e^teading  to  a  short  distance  from  the  head,  was  observed  lo 
bflckwardst  as  if  impelled  by  a  force  of  great  intensity  directed  from 
^Buu.    This  outatreauiing  cone  continued  to  be  vieibie,  iu  tbs  funa  of 
umoA  sector  of  a  circk,  until  the  U!2ud  of  Octobtir.     When  observed 
it  to  night  it  wag  fouud  to  vary  coualantly  in  maguilude  and 
The  direction  of  the  axis  of  the  cone  was  aUo  variable. 
>»ered,  by  a  strict  analytical   investigation,  founded  on   its 
positions,  that  it  oscillated  to  aud  fro  on  each  side  of  the  line 
le  oomet  and  the  huu.     These  oscillatioui  wera  generally  veiy 
lapse  of  a  few  hours  in  some  iustuiiees  su dicing  to  reud^^r  them 
le.     It  is  a  remarkable  fact,  that  the  night  on  witich  these  inte- 
ping  pheoomena  first  manifested  themst^lves,  was  also  signalized  by  the 
leacement  of  the  tail  of  the  comet.     It  is  impossible  to  doubt  that 
appendage  derived  iti;  origin  from  the  nebulous  matter  vrhich  had 
ia  the  lir&t  iastauce  raided  from  the  Lead  by  a  force  directed  to  the 
sad  waa  subsequently  impelled  by  a  povrerful  force  in  the  opposite 
IkietiOD.     While   these   curious   plienomeua  were   in  course  of  being 
loped,  the  nucleus  of  the  comet  exhibited  great  variations  of  bright^ 
On  the   I'Jth  of  October  it   presented  to   Bessel   a  measurable 
leter,  when  observed  with  a  uia^iifying  power  of  ll^fi  it  did  not 
loae  its  planetary  aspect  until  a,  power  of  'iQO^  was  applied.     On  the 
it  suddenly  became  much  fainter.     With  a  power  of  only  9if  it  lost 

imnce  of  a  solid  body  *, 

ken  the  comet  was  observed  by  Sir  John  Herschel  at  the  Cape  of 

,  Hope,  after  its  passage  of  the  perihelion,  the  appearance  preseuted 

totally  different  frona  what  it  had  been  a  few  months  previously, 

exBoiined  through  a  telescope  on  the  25 th  of  January,  it  did  not 

jy  trajce  of  a  tail,  but  simply  resembled  a  round  iiebidous  body 

diameter,  surrounded  by  a  coma  of  great  extent.     Within  the 

tiiere  appeared  a  small  bright  point,  in  a  position  somewhat  eccentrie, 

cblch  there  issued  towards  the  circumference,  in  the  direction  opposite 

of  the  sun,  a  ray  of  highly  condensed  light.     The  comet,  in  fact, 

to  contain  within  it  another  miniaturo  comet,  having  a  nucleus, 

and  tail  of  its  own,  perfectly  distinct  from  the  surrounding  nebu- 

f.     As  the  comet  receded  fi'om  tlTe  sun  the  head  began  to  dilate, 

Ctmnati&ance  <J<?s  Terapa,  1840,  Addit-,  p.  8ii. 

^  ""   lilar  4ipp««niDce  was  remarked  in  the  great  comet  of  ]018-     The  foUowmgr 

'  ii,  ezlnctnl  from  Kepler's  "Treatlie  on  ComeU,"  niav,  perhap«,  not  prove 

Bg  to  the  Tfiodcr : — '*  Kt  quid  probat  cvidcniiut  eundcm  eBSuxuin  caiidw  a 

qium  Jllud  mirabiJt^,  cjuckl  ut  in  coiiteta  anni   it3]8,  iiuck'iis  i^uiJaiu,  iiitiirior, 

,eilu.minasioTi  tic  in  cauda  radius  singu I arie,  specie  [aedtillx  tnarbDrc,  a  Uomadis 

[BJtia  in  medio,  a  me  et  Schickardo  pnslerioribuH  diebus  ad  altcrLim  ktus,  est  abscr- 

quui  ut  tote  Cauda  tolo  c&pite,  ttc  ilk  conspicua  pan  cauds  k  cDntpicuo  eapiiit 

l^psa  sit  (De  Cometis,  p.  ]0;3).     The  above  dearnption  preBcnIs  a  reroaikable 

|nt  io  teveral  pQintf  with  is\t  John  Her&chel's  account  of  the  curioua  pbenonienoa 

lam.  in  HaJtey'*  comet.     Frum  the  ctrcumstajice  of  tbe  nuclear  ny  having 

£«pl«T  tuwariU  one  of  the  eideij,  in6tt;ad  of  in  Uie  niidiitc,  u  at  Romu. 

;  disfnied  to  believe  that  it  van  no  u<her  tliau  the  ordiiiiiry  Jumintiui  edge  of 

laiL     Without  initilirig',  at  a.n  abjection  to  tbis  coactuBioni  that  there  mi 

vMbki  it  i«  evident,  from  Keplcr'i  remftrk  m(i««ting  tb«  direct  oniaiiilloD  of 
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wliile  at  tlie  same  time  its  light  greiv  fainter ;  also,  in  consequence  of  stic- 
cessive  additions  to  it;a  length,  it  gradually  assumed  the  form  of  a  sectioii 
of  ft  paraboloid.  Tbe  head,  or  rathtir  tJie  parsboloidal  envelope,  continued 
to  enlarge  with  extitKirdlnary  rapidity,  mftiuitiiuiiig  all  tbo  whije  the  titmost 
regularity  of  form  audshurpoesa  of  outline.  At  ihe  same  time  it  gradtinllj 
dimioiahed  in  brightness,  until  at  length  it  disappeared  simply  from  want  of 
light  to  render  it  visible.  In  the  direction  of  the  &xis  of  the  paraboloid  a  fmnt 
elongation  &ially  appeared,  indicative  of  a  tail :  but  no  decided  maoifigslir 
tion  of  such  an  appendage  was  witnessed  on  any  occasion  aubsequent  to  'CbA 
pos^e  of  the  perihelion.  The  nuclear  ray  continued  to  emit  tho 
vivid  light,  increasing  in  length  uud.  eoni^tantly  maiutiuning  & 
coincident  with  the  axis  of  the  paraboloid,  until,  after  some 
gradually  grew  fainter,  and  Unally  ceased  to  be  visible.  The  nucleus,  on 
the  other  band,  which  at  first  did  not  seem  to  undergo  aoy  change,  oltir 
mately  exliibited  a  decided  increoiie  of  relative  brightnesjs.  When  tbe 
comet  was  last  seen,  ou  ike  5th  of  May,  )K09,  it  presented  exactly  tlui 
eame  aspect  as  it  did  when  it  tir^t  became  vi^jible  in  the  mouth  of  August 
of  the  previous  year, 

Phenomeua  more  or  )ess  resembling  those  above  described  have 
found  to  manifest  themselves  on  the  occasion  of  the  passage  of  all 
comets  through  their  perihelia.     It  seems  to  be  pretty  well  «st«bli 
that  the  more  tumultuoua  chanf»e3  usually  lake  pla*:e  duriug  the  ftnoi 
when  the  comet  is  approaching  the  eun.     Those  which  occur  after  th# 
passage  of  tho  perihelion  appear  to  be  of  a  more  quiescent  nattire„  indi- 
cating the  gradual  rela]>se  i>f  the  body  into  the  condition  in  which  it  ww 
when  originally  seen  after  reluming  froDi  aphelion.     This  circumstaace 
clearly  points   to   the    sun   as   the   exciting  cause    of    these  woriderfu/ 
cliangeii  in  the  constitution  of  comets,  whatever  be  the  nature  of  llie  fonts 
which  are  c-nlled  into  operation  hy  his  agency.    Sometimes,  indeed,  pheoo- 
niotia  of  a  rapidly  tluctualing  character  aro  observed  a  little  after  Jk 
passage  of  the  perihelion.     Such  was  the  case  wiUi  respect  to  the  oomrt 
of  1799,  according  to  Scbroeter.     This  comet  passed  iis  perihehon  on  tto 
7th  of  September.     Nothing  unusual  in  itia  ap[)earance  was  tetattikti 
until  the  lUth  of  that  month,  when  Scbroeter  perceived  that  the  nutl«» 
was  suddenly  reduced  to  twothirds  of  ita  former  size.     Between  the  204 
and  21st  of  tho  same  month,  the  surroundiog  nebulosity  liad  dim»iii»lw4 
to  the  extent  of  one-fourth.     On  the  S'-ind  the  nucleus  burst  out  *i^ 
renewed  splendour,  and  coniimied  to  exhibit  the  same  brilliant  Bppeaitnrt 
until  the  liSth,  when  it  again  becauio  extremely  faint.     Th«  6ict  of 
changes  occurring  after  the  comet  had  passed  its  perihelion  is.  dou 
to  be  ascribed  in  sorae  degree  to  the  peculiar  constitution  of  ih« 
"which  may  hiive  rendered  it  less  susceptible  to  the  iiiHuonco  of  the 
tlmn  is  usually  tho  case ;  but  more  especially  to  the  circumstance  thai  lb» 
accumulated  effect  of  the  sun's  action  may  natiirnlly  be  supposed  no*  •* 
have  attained  its  maximum  until  a  little  after  tiio  cuniet  had  ht/f^^ 
recedo  from  the  buii. 

It  Unsi  been  stated  that  the  paraholoidal  envcloj>e  of  Halleys  comet  v*^ 

the  ray  from  Hie  nitclcui.  thvE  tlic  filicnotuenun  wi*  o««  of  a  letally  diJlViPnit  Kit>o^- 
It  it  wonhy  of  nalu'o  that  llic  ru^  vvm  first  Roen  uu  llie  Xhh  of  Kovetnber.  1618-  .''* 
»|tjHraranL-e  wa*,  iherefon'.  subsi'ijuent  do  (he  compl't  fitscAgQ  of  th«  (vatibdUoiit  «ln^ 
HcriirclJRg  (o  Hftlley,  toak  plAcr  on  the  8lh  of  Ihe  timi>  monlh.  Hm.  tbca,  btM^'' 
IHUHi  of  rcicinbluicc  b«twi-<<ii  ibe  ptiimutoenoD  nod  the  •.ppeannce  of  HMkf'^  enw*  *• 
thv  vwiy  put  of  ibc  year  JSSO. 
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increase  rapidly  in  dimensiona  aft^r  the  passage  of  the  peri- 
similar  enlargement  of  the  comet  of  lOSSi  was  found  by  Heve- 
place  as  it  continued  to  recede  from  the  sun,  Acc-ording  to 
ilfttjons  of  that  sstronomer,  the  linear  diameter  of  the  comet  had 
3,  between  December  2f>  and  January  1*2,  in  the  proportion  of 
*.  He  mentions  that  ivhen  it  was  about  to  disappear  it  almost 
,  the  sun  in  absolute  magnitude. 
arious  fact  of  a  coract  swelling  out  in  dimensions  as  it  contiDued 

9  Irom  the  sun,  did  not  escape  the  attetitiou  of  Newton,  While 
g  it  to  be  true,  upon  the  authority  of  HereUus,  he  remarlied,  on 
!r  hand,  that  comets  diminish  in  volume  in  the  couira^e  of  their 
t  to  the  sun,  attaining  their  minimum  dimenaiona  a  little  after  the 
of  the  perihelion.  Thiia  the  comet  of  lOSO,  in  the  month  of 
er,  appeared  Hke  a  stm"  of  tho  tii'st  or  second  magnitude  ;  but  in 
wing  month  it  did  not  exceed  a  star  of  the  third  magnitude!, 
citereeting  fact  of  a  variation  of  the  absolute  magnitude  of  a  comet 
ig  on  its  distance  from  the  sun,  does  not  appear  to  have  attracted 
ation  for  a  long  time  after  the  publication  of  the  Principia.  Pingre, 
eat  work  on  Comets,  denies  the  truth  of  Heveljus'  statement  respect* 
inlargement  of  the  comet  of  I  iii))l  in  tlie  course  of  itB  recess  from  the 
nthe  ground  that  the  observations  of  the  comet,  when  rightly  inter- 

10  not  lead  to  ^uch  a  conclusion  t-  On  the  other  baud,  he  appears 
to  admit  that  comets  diminish  in  volume  as  they  approach  the8un§, 
}  alleged  diminution  previous  to  the  passage  of  ttie  perihelion,  and 
jquent  enlargement,  have  been  continued  by  the  ohserii'atiouB  of  mo- 
roDomers^  M.  Stnive  established  beyond  doubt,  by  a  series  of  micro- 
meftsares,  that  Encke  s  comet  continually  diminished  in  volume  as  it 
led  the  sun,  on  the  occasion  of  its  passage  of  the  perihelion  towardii 
►  of  the  year  18'28.  On  the  28th  of  October,  when  the  distance 
imet  from  the  stin  was  1.4617,  the  diameter  of  the  bend  was  70.1, 
24th  of  December,  when  the  comet  had  arrived  in  pcribelion,  and 
Mice  was  only  0,5410,  the  diameter  of  the  head  was  3.1 1].  The 
^efore,  during  the  intermediate  period,  had  diminished  in  linear 
Bl  in  the  ratio  of  25  to  1,  and  consequently  it  had  collapsed  into 
Pwixteen-thouaandth  part  of  its  original  volume.  Sir  John  Her- 
bservations  of  Halleys  comet  are  equally  conclusive  with  respect 
largement  of  volume  having  taken  place  simultaneously  niih  the 
'  the  comet  from  the  suu.  lluring  the  interval  embraced  between 
1  of  Januarj',  1836,  and  the  1st  of  the  following  February,  the 
of  the  cornet  was  found  by  that  astronomer  to  bavo  increased  iu 
orttoQ  of  1  to  4  ]  .yri5  11.  The  different  explanations  which  have 
rajiced  of  the  variation  of  a  comet's  volume  depending  on  its  dis- 
»m  the  sun  will  be  noticed  presently. 

comets  in  some  instances  approach  nearer  the  sun  than  any  of  the 
they  experience  a  degree  of  heat  during  their  passage  of  the  perihe- 
bich  it  is  difficult  to  form  an  adequate  conception.  Newton  calcu- 
,tthe  great  comet  of  108O,  when  passing  through  its  perihelion ,  was 
Lto  a  heat  2000  times  greater  than  that  of  red-hot  iron.  The  comet 
ijch  approached  still  nearer  tlie  sun,  must  have  been  exposed  to 
ren  greater  intensity.    Sir  John  Herschel  has  computed  that  the 

Apbin,  p.  331.  f  Prindpia,  lib.  ill,  pitip.  4). 

_  tpbie,  tome  t.,  p.  ]2j,         g  Ibid.,  tome  iL,  p.  193.        ||  Aunuairc,  1832, 
ilo'of  AslroRomical  Obscrvationi  at  the  Cape  of  Good  Hope,  p.  404, 
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heftt  receired  by  its  surface  durinpf  the  passeife  of  tbe  peribelion  vt 
equal  to  tlint  wliich  ■would  be  r<fi''eived  hj  an  equal  portion  of  the  eartb; 
Burfflce,  if  it  ivere  exposed  to  the  influence  of  47,000  suns,  placed  at  the 
commDn  distance  of  tlie  actual  sun.     He  has  also  &bown  that  th«  h^( 
to  'which  the  c^met  t?as  subjeoted  on  the  mrae  occasion  must  have  a* 
ceed@d  the  beat  eonceutratecl  in  the  focus  of  PerkiDs"  great  leDs  ia  tin 
proportiuu  of  2ih  to  I  ;  allhotigh  the  heat  in  the  latter  instance  wai  m 
great  as  to  have  melted  caruelian,  agate.  And  rock  cirstal*!    It  ia  mif^j 
to  conceive  liow  a  flimsy  substance  such  as  that  of  which  a  comet  appesjf 
to  he  composed,  can  effectually  resiat  such  an  intense  heat  so  m  not 
to  be  dissipated  in  space.     Tbe  ingenious  riews  of  Laplace  on  thisptaol 
will  be  mentioned  when  we  come  to  speak  of  the  various  hvpotheses  whkll 
have  been  advanced  relative  to  tbe  pbjsical  constittition  of  comets. 

A  sij^nal  manifestation  of  the  influence  of  the  suji  is  sometimes  afbfdfd 
by  the  breaking  up  of  a  oomet  into  two  or  more  separate  parts  on  thcoctt' 
flion  of  its  nppronch  to  the  perihelion.  Seneca  relates  that  Ephonis,  *" 
ancient  Greek  author,  mukes  mention  of  a  comet  which,  before  vAnisliing, 
wag  seen  to  divide  itself  into  two  distinct  bodies +,  The  Ronran  philow- 
pher  appears  to  doubt  the  possibility  of  such  a  fact ;  but  Kepler,  irith  cbl- 
racteristic  sagacity,  has  remarked  that  its  actual  occurrence  was  exceedingly 
probable  J.  Tiie  latter  a<itronomer  further  remarked  that  there  were  mm* 
grounds  for  supposing  that  two  comets,  which  ajipeared  in  theiaDner*' 
tfioQ  of  the  heavens  in  the  year  1018,  were  the  fre^ments  of  a  comet  that 
had  experienced  a  similar  dissolution,  Hevelius  states  that  Cysfttus  fer- 
ceived  in  the  head  of  the  great  comet  of  Ifllft  unequivocal  symptomiof  * 
breaking  up  of  tbe  body  into  distinct  fragments.  The  comet,  when  first 
seen  in  the  mnntb  of  November,  appeared  like  a  round  mass  of  concen- 
trated light.  Oil  the  8th  of  December  it  seemed  to  be  divided  IntosetBTil 
parts.  On  the  SOth  of  tbe  same  mouth  it  resembled  a  multitude  of  snildl 
stftisl,  HeveUus  states  that  he  himself  witneased  a  similar  appearBAfO  U> 
the  head  of  the  comet  of  IflOl  !|. 

The  foregoing  statements  respecting  the  dissolution  of  comets  w.i&<^ 
be  admitted  without  a  certain  degree  of  resen'e,  in  consequence  of  lii* 
imperfect  nature  of  astronomical  observation  in  early  times.  The  ess*  •» 
ditferetit  with  respect  to  Biela's  comet,  which  was  observed  to  separate it«''' 
into  two  parts  ou  the  occasion  of  its  approacli  to  perihelion  in  1  ^^46.  Thfl 
circumstances  relating  to  thia  remarkable  event  have  been  already  alltJfl'™ 
to  in  a  former  chapter  H.  It  is  impossible  to  rionbt  that  it  arnsje  from  the 
divellent  action  of  the  enn,  wliatevef  may  have  been  the  mode  of  op*" 
ration. 

The  developement  of  the  tail  of  a  comet  is  I3swally  regulated  by  tri« 
changes  which  occur  in  the  head  and  nucleus.  Its  formation  genertly 
commences  when  the  comet  ia  descending  towards  the  siin,  but  in  m*** 
instances  it  does  not  acquire  it-s  greatest  length,  nor  does  it  shine  with'|* 
full  splendour,  until  a  little  after  the  passage  of  the  perihelion.  Tbts  '* 
what  might  naturally  be  expected,  if  the  sun  be  supposed  to  be  the  P'*"'' 
cipfll  Agent  in  the  production  of  the  tail.  The  following  account  ol  *'" 
progresa  of  the  tail  of  the  great  comet  of  lOBO  is  extracted  from  Neirt<|5*' 
Frinoipia.  This  comet  passed  its  perihelion  on  tbe  ^th  of  December,  ^^ 
the  6|h  of  November  it  exhibited  the  aapect  of  a  round  nebuloiB  Mj* 

QuBFst.  KttU,  bb.  vi).,  cap.  xvi> 


•  Otilllnea  of  Aitronomy,  p.  370, 
]  Da  Cometis.  p,  50, 
CometogTsphii!,  p,  4  J  7. 
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On  lilt'  11  lb  the  tiiil  just  becflme  visible.    Wlien  objierved  llimu^h  a.  ten* 

Ki  telescope  it  appeared  half  a  degi-ce  long.  On  the  17tli  it  was  olisen-erl 
Borne  lo  be  more  tliau  15'^  in  iet^gth.  On  the  iHth  it  appeared  30'^  long 
Biir  England.  On  the  l^th  of  December  it  was  observed  at  Home  to 
^v  Jong*  On  tbe  5tb  of  January  its  length  wau  found  hy  Newton  to 
Wr.  On  the  25th  it  roensured  only  G"  or  7°,  and  appeared  very  faint. 
On  the  J 0th  of  February  it  was  only  S°  long.  On  the  ^fllh  the  comet  was 
■pen  without  a  tail,  and  shortly  afterwards  disappeared  entirely  from 
obMnrRtion. 

THf  '  "         .'  account  of  the  progress  of  the  tail  of  the  great  comet  of 

ITVdt  I  a  still  more  Btriking  illustration  of  lbs  agenoy  of  the  sun 

in  the  dcvcl^perUent  of  these  Eingukr  appendages,  inasmuch  as  all  the 

(jUtTTaiiuiis  of  the  comet  were  made  at  the  same  place  and  by  the  same 

tndividutd.   On  ilie  8th  of  August,  17tt0,  Slessier,  while  engaged  in  etplor- 

tlif  the  heaven*  with  a  two- feet  telescope,  perceived  a  round  nebulous 

k«dj  which  turned  out  to  be  a  eoniet,     Oji  the  15th  of  the  aame  month 

lb«  (ail  became  visible  to  the  naked  eye,  and  appeared  to  be  about  0"  in 

kagth.     On  the  S^th  it  ineasured  15".     On  the  'MA  of  September  it  was 

W'\<mg.     On  the  0th  it  was  41P,     On  the  lOth  it  was  QU'\    The  comet 

kriiig  now  plunged  into  the  rays  of  the  sun,  ceased  to  be  visible.   On  the 

rf  Octol>er  its  passage  of  the  perihelion  took  place.     On  the  24th  of 

mmc  month  it  reappeared,  after  emerging  from  tlie  rays  of  the  sun. 

iBjl  now  measured  only  'i'*  iu  length.     On  the  lat  of  November  it 

ared  ti",     On  the  8th  of  the  same  montli  it  was  only  9^"  long.     On 

3*lth  it  measured  1  ^°.     The  roniet  henceforward  ceased  to  be  visible*. 

fittmetimea  the  luminous  streams  which  form  the  hoitnthng  siden  of  the 

ft  comet  appear  to  undergo  variations  in  their  length  of  considerable 

ty  and  magnitude.     Phenomena  of  this  nature  were  noticed  by  Her- 

the  tail  of  the  comet  of  181].   He  suspected  that  they  arose  from 

tj  motion  of  the  tail,  which  caused  its  different  parts  to  be  trans- 

it>  succession  to  the  apptireiit  sides,  whence,  by  supposing  the  hollow 

of  which  it  was  composed  to  be  irregularly  terminated,  a  succession 

•['pwront  changes  would  take  place,  resembling  those  actually  perceived. 

^^Mir  Tftfiations,  indicative  of  a  rotatory  motion,  were  also  witnessed  in 

'**tail  of  the  comet  of  1WS5,  by  Mr.  Dnnlop,  at  Paramatta. 

J'hfittomena  of  a  still  more  Heeling  and  irregular  nature  are  alleged  to 

*•*§  been  observed  in  tiie  tails  of  comets.     Kepler  stafes  that  the  tail  of 

""•r  met  of  I  GOT,  which  atone  time  appeared  short,  would,  in  the  twink- 

f  an  eye,  become  very  lougf.     According  to  Cyeatns,  the  tail  of  the 

ft  of  \<\[^  exhibited  undulations,  as  it"  it  had  been  agitated  by  the  wind, 

elius  hns  mentioned  that  he  perceived  similar  tmduhitions  in  the  tails 

til«  comets  of  lft.53  and  I6fil  :  and  Pingre  has  still  more  recently 

the  same  thing  with  respect  to  the  comet  of  17fiO.     To  this  class 

mena  may  be  referred  a  remarkable  appearance  witnessed  in  the 

et  of  1843.    On  the  11th  of  March  Mr,  Clerihew,  wbo  obsei-ved 

■esmet  et  Calcnita.  found  that  since  the  previous  evening  it  had  darted 
a  new  tail,  nearly  twice  as  long  as  tlie  original  one,  and  forming  with 
till  angle  of  16".     This  supplementary  tail  was  not  eeeo  on  any  other 
[hi  duriug  ihe  visibility  of  the  comet, 
I        Before  attempting  to  describe  the  various  hj'potheses  that  have  been 
I     J'jrtned  respecting  iho  physical  constitution  of  comets,  it  may  not  be  out 


Uim.  Aead.  dc«  Scifittcet,  1775,  p,  893,  «t  seq, 
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of  place  to  gire  a  brief  account,  by  ^vay  of  illustratfoi],  of  some  of  the  more 
remarkable  apparitions  of  bodies  of  this  class  tvhicb  have  been  recorded  in 
hiatoiy. 

Diodoras  Sictiks  has  stated  that  in  the  first  year  of  the  TOand  Olym- 
piad (or  the  3'ear  V>1 1  a.c.)  there  appeared  in  the  heavens  a  train  of  tight 
of  extraordinary  splendour.  This  remarkable  phenomeuon.  was  belieTedto 
have  presaged  tlie  destruction  of  the  Achaian  cities  Helix  and  Bans.  Aat- 
totle  alltidc3  to  tbe  same  comet  in  his  treadso  on  Meteors.  He  says  lint 
oa  the  first  night  the  head  was  not  seen,  having  been  too  near  Uje  iUQ. 
On  the  second  night  it  had  removed  a  little  from  the  sun,  and  was  naible 
for  a  short  time  in  the  evening.  After  it  set  the  tail  was  still  seen  as  i 
brilliant  train  of  light,  extending  over  a  third  of  the  hearens,  or,  in  other 
^vord^^  over  an  arc  of  (iff. 

In  the  year  4-3  a.c,  during  the  celebration  of  the  games  ia  hftDonrnf 
Venus,  there  appeared  a  comet  at  Rome,  ■which  could  be  discerned  befow 
sunset.  This  celestial  prodigy  continued  to  he  visible  for  eight  successive 
days.  The  poets  flattered  Augustus  with  the  belief  that  it  wia  the 
departed  eoul  of  his  great  relative  Julius  Ctesar,  who  had  been  recontljf 
assassinated.  It  bns  been  already  roenttoneJ  that  Halley  suspected  lliis 
to  be  an  apparition  of  tbe  great  comet  of  1080, 

In  the  year  1 106,  A.r>,t  the;re  appeared  a  magnificent  comet,  irhicJiiM 
visible  over  all  Europe.  Matthew  Paris  says  that  it  was  seen  atadisttoM 
of  only  one  cubit  from  the  sun.  It  is  easy  to  conclude  from  this  levaaA 
that  the  comet  was  visible  in  the  daytime,  Tbe  head  was  sraall  and 
obscure,  but  tbe  tail  is  stated  by  varioiiia  writers  to  have  been  au  olyecl  of 
terrific  splendour,  which  was  seen  like  a  fiery  beam  stretching  from  the 
west  towards  the  north-east  regions  of  the  heavens.  This  is  also  believed 
to  have  been  an  apparition  of  the  comet  of  1G80. 

In  the  summer  of  l^G-l  a  great  comet  appeared,  which  is  mentioned  tj 
almost  every  contemporary  historian  of  Europe.  An  account  of  it  isftls* 
contained  in  the  (JMuese  Annals,  ^bich  pre^^ents  a  satisfactory  agre«iB^t 
with  the  statements  of  the  western  writers  respecting  it.  This  magniCottit 
comet  13  said  to  have  been  accompanied  by  a  tail  100"  long.  It  wascellfr' 
rally  believed  that  the  object  of  its  apparition  wa.<5  to  announce  the  M«lb 
of  Pope  Urban  IV.,  who  eJ^pired  in  the  following  October.  We  hwe 
already  mentioned  that  this  comet  is  supposed  to  be  identical  with  a  comet 
which  appeared  in  1550,  and  that  its  return  in  the  present  day  is  expeclrf 
with  a  considerable  degree  of  confidence  by  astronomers. 

The  year  1402  was  distinguished  by  the  appearance  of  two  of  the  most 
splendid  comets  recorded  in  history.  The  first  became  visible  about  the 
middbi  of  February.  As  it  continued  to  approach  the  sun  it  increased  in 
magtiitude  and  splendour,  until  at  length,  towards  tlse  end  tjf  March,  it 
became  visible  in  broad  daylight.  The  tail  when  first  seen  was  short,  but 
it  iucreaised  with  great  rapidity,  and  ultimately  exhibited  an  immense 
apparent  length. 

Tbe  second  comet  of  1402  appeared  in  tlie  month  of  June.  It  \to3  ob- 
served in  Italy,  Germany,  and  the  countries  of  the  East.  Like  the  first 
comet  of  the  same  year,  it  was  viaible  in  the  daytime.  After  sunset  the 
tail  was  seen  extending  from  the  horizon  to  tho  zenith.  It  is  said  to  hft¥© 
been  so  bright  as  to  have  eclipsed  the  light  of  the  stars,  but  this  is  a  mani- 
fest exD^geration. 

In  the  year  1456  there  appeared  a  magnificent  comet,  which  was  visible 
over  ftU  the  couit^ieB  of  Europe.    The  tail  is  stated  to  have  been  €0^  loi 
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omet  spread  universal  consteniation,  in  consequence  of  its  Apparidoti 
simultaneous  with  the  capture  of  Constantinople  bj  the  Tuildsh 
In  order  to  ward  off  the  evil  Musequcuces  which  might  ensue  from 
ioeDce,  Pope  Galixtus  IL  ordered  prayers  to  be  oBered  up  in  all 
estem  churchesr  He  also  issued  a  bull,  in  which  he  anathematized 
le  Turks  and  the  cotnet  It  is  hardly  necessary  to  state  that  while 
lowers  of  the  crescent  did  not  foil  to  acquire  permanent  possession 
ancient  cupittil  of  the  Eastern  Empire,  notwithstanding  the  means 
ere  employed  by  the  Papal  Church  to  arrest  their  progress,  so  iu  like 
r  the  comet  continued  with  the  same  tranquillity  as  fonnerly  to  par- 
path  throughout  the  heavens.  This  la  now  known  to  have  been  au 
ion  of  the  famous  comet  of  H alley, 

krding  to  Cardan,  a  comet  which  appeared  in  1532  was  seen  by  the 
lasts  of  Milan  in  full  sunshine.  This  comet  is  supposed  to  be  iden- 
I'lih  one  of  those  which  appeared  in  140S,  and  aUo  with  a  comet 
suhsequently  became  visible  in  IGGl. 

cotnet  of  loTT  was  one  of  the  most  conspicuous  of  modem  tiroes, 
firat  seen  by  Tjeho  BmLe  before  sunset,  as  he  was  returning  home 
Udng  some  iisli  out  of  a  pond.  This  comet  is  remarkable  for  being 
!t  that  was  demonstrated  to  revolve  teyond  the  moon's  orbit, 
seventeenth  century  is  peculiarly  fertile  in  great  comets.  It  was 
uished  by  two  apparitions  of  Haliey's  comet,  namely,  those  of  1607 
J62.  The  third  comet  of  1618  was  one  of  the  most  splendid  of 
1  times.  Its  more  remarkable  features  have  been  already  mentioned. 
met  of  1C5'2  is  said  by  Hevelius  to  have  been  of  such  magnitude  as 
e  resembled  the  moon  when  half  full ;  only  it  shone  with  a  pale 
mal  light.  This  comet  is  otherwise  interesting  to  the  astronomer 
mnt  of  the  minuteness  with  which  the  various  phenomena  relating 
ive  been  described  by  the  assiduous  observer  just  mentioned.  An 
t  has  already  been  given  of  the  huge  comet  of  1068,  which  was  seen 
»>untries  of  the  south  of  Europe  Hind  in  Brazil.  The  comet  of  1080 
Lomble  for  the  magnificent  tail  by  which  it  was  accompanied  ;  for  its 
yproach  to  the  sun  ;  but  above  all,  for  having  furnished  the  data  by 
of  which  the  immortal  Newton  succeeded  in  demonstrating  that 
are  guided  in  their  movements  by  the  same  principle  as  that 
controls  the  planets  in  theii*  orbits.  The  comet  of  lC8ft,  which 
ible  only  in  southern  countries,  had  a  tail  fiB"  long.  It  has  been 
mentioned  that  there  ex^ist  good  grounds  for  believing  it  to  have 
lenticfll  with  the  great  comet  of  1843. 

ough  the  eighteenth  ceutuiy  is  less  prolific  in  apparitions  of  great 
than  that  immediately  preceding,  it  is  notwithstanding  distin- 
l  by  two  of  the  most  remarkable  recorded  in  history.  The  comet  of 
\  one  of  the  few  comets  which  have  been  seen  in  fuU  sunshine.  On 
of  February  it  appeared  more  brilliant  than  Sinus.  On  the  8th  it 
d  Jupiter.  On  the  1st  of  JIarch  it  was  visible  to  the  naked  eje  at 
lock  in  the  afternoon,  five  hours  only  having  then  elapsed  since  its 
!  of  the  perihelion.  The  singular  appearance  of  the  tail  of  this 
has  been  already  mentioned.  The  comet  of  1709  ia  especially  me- 
9  for  the  immense  tail  by  which  it  was  accompanied. 
first  comet  of  1811  was  one  of  the  most  conspicuous  of  the  present 
■,  It  is  especially  remarkable  for  the  length  of  time  during  which 
nued  to  be  vbible.  The  comet  of  1843,  to  which  allusion  has  been 
iiently  made,  was  in  many  respects  one  of  the  most  remarkable  of 
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modem  liroeB.  Like  a,  few  other  coinets,  it  xvas  visible  in  hnmA  (^Rvlfrfit 
At  nooti  on  the  38th  of  February  it  was  distincilj  seen  ^thout  the  Aid  of 
glasses,  by  numerous  persons  coogregftted  in  the  streets  of  the  city  of  Bolcgn* 
in  Italy.  It  then  appeared  to  the  east  of  the  sun,  at  a  dist&iice  from  hisduk 
of  about  two  diameters.  On  the  same  diiy  it  was  seen  under  simiJsrdr- 
cumstanees,  in  TflHoua  part*  of  the  irorliJ .  When  it  had  safficiently  ettricaladi 
itgelf  from  the  rays  of  the  sun  to  be  visible  in  the  evening,  it  appeared  with 
exteaordinary  magnificence,  especially  in  tropica)  countries.  The  h«d 
ms  very  conspicuous,  but  the  most  strildng  part  of  the  comet  was  tlie  tu1> 
which  resembled  an  immense  beam  of  light,  extending  oyer  an  arc  of  (HI* 
or  70°.  Unfavourable  weather  prevented  this  magnificent  comet  from 
being  visible  iu  E]ngland  or  any  of  the  northern  countries  of  Eorope  preti«s 
\&  the  nth  of  March.  On  the  evening  of  that  day,  a  little  after  stimet. 
the  tail  became  visible  in  the  western  non^on,  but  the  head  had  fllfeadf 
set.  On  the  follomng  evening  the  whole  of  ihe  c^met  was  seen.  Tli* 
head  was  small,  but  the  tail  was  a  brilliant  object,  extending  over  du  irr 
of  the  heavena  of  about  40°.  It  i-ontinued  to  appear  with  great  splendour 
on  the  following  evenings,  but  it  rapidly  grew  fainter,  and  finally  disap- 
peared altogether  from  observation  about  the  beginning  of  April*.  It  HI 
been  a!  ready  mentioned  that  this  comet  is  remarkable  for  having  apj 
nearer  the  8uu  than  any  other  comet  recorded  in  history. 

It  now  remidns  to  gire  aome  account  of  the  various  hypolhesea  thstliift 
Wen  fottned  respecting  the  physical  constitution  of  comets,  and  of  tlw 
explanations  tlmt  have  been  founded  upon  thorn,  of  the  more  promioflrt 
phenomena  exhibited  by  these  bodies.  Although  Tycho  Brah^,  >■•*  ^•^"■- 
ing  that  tomets  Iraverae  the  regions  beyond  the  nioon*s  orbit,  tr 
them  from  the  category  of  substances  genemied  in  the  terreslrim  lu-u - 
sphere,  he  still  left  the  question  undecided  whether  they  are  hoiid 
forming  permauent  meinbera  of  the  solar  sj'stem,  or  whether  they  tre 
mere  masaes  of  vapour,  liable  to  be  dissipated  into  space  by  the  action  of 
the  sun  or  any  other  similar  b(.>dy'nefir  which  they  may  happen  to  pass  in 
the  course  of  their  erratic:  movementa.  That  comets  are  either  wholly  ct 
partially  composed  of  a  gaseous  substance,  appears  to  be  admitted  br  enrf 
philosopher  wno hag  sought  to  arrive  at  some  definitive  fonckision  r^^spectiag 
their  physical  Htructure.  Kepler  supposed  them  to  be  bodies  of  tmiisieot 
duration  J  which  spin  out  their  fleeting  e:cisteuco  by  a  process  of  evapf*- 
tion  conducted  through  the  medium  of  theh*  tailF.  Kewton.  on  the  fither 
hand,  wna  of  opinion  that  comets  are  composed  of  a  partially  solid  sfl^'- 
stance.  He  imngined  ttiat  the  mfltter  susceptible  of  evaporation  foiTti^  w 
extensive  atmosphere  round  the  comet,  which  is  gradually  dlsaipatcil  into 
space  by  the  action  of  the  solar  heat,  the  vaporised  particles,  as  in  Kepler's 
theory,  occasioning  the  appendage  of  the  tail  in  the  couree  of  their  re«>» 
from  the  head.  According  to  nnolher  hypothesis,  the  nebulous  matter  ihti* 
raised  from  the  comet  is  not  wholly  projectfd  into  spac*,  llie  greater  ^f" 
tion  being  again  precipitated  upon  the  heml,  in  consequeuee  of  the  dimi- 
nution of  temperature  which  takes  place  during  the  comet's  recess 
the  6UU. 

It  has  been  already  inenlionod  thai  the  assertion  of  Hcvelius,  respfi 
the  %'ariation  of  the  volume  of  comets  depending  on  their  distance  fr&i" 
the  sun,  has  been  confliinod  to  a  certain  extent  by  tlie  observatl4M| 

•  Fflr  a  great  nunib^r  of  fnferestine  particulnra  reklive  ia  tluj  remiirkalile  cooeV ** 
tlie  Comptet  Jtmdtts,  tome  xvi.,  pp.  5m,  005,  Ice,  &c.  &■?. 
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men.  Xewton'si  theorr  of  the  prnjce^tioo  of  ihe  coroetie 
re  tnto  the  tail,  aii'i  ha  9ult$eqtietit  (ti>!|iet'!)ion  into  S|>are,  suQi*^ 
ttfunts  for  ihi?  <iiminutioti  of  volume"  previous  to  the  passage  of 
Mtm;  but  it  h  diffii*ult  to  explain  b^  ihc  same  theon'  the  enlarge- 
erred  to  lake  place  during  the  comet*  recess  from  the  sun.  It 
ibly  with  ft  Tiew  to  obviate  this  difficulty  Umt  he?  thrtw  out  th« 
t  ©f  the  (romet  being  enveloped  f)t  a  dense  smoke  during  its  pas- 
»  perilielion.  arising  from  the  intense  heat  to  which  it  was  tnen 
The  presence  of  such  a  amoke  would  enuso  the  romet  to  appear 
erihelion  ihaa  it  really  wis ;  while  its  gradmillj  leas  abundant 
19  the  comet  continued  to  recede  from  the  son  would  give  rise  to 
Tit  enlargement  of  volume.  It  in  Iiardly  necessMry  to  alate  that 
iier«  surmise  tu  which  no  importance  oan  be  attached  na  tin  expla^ 
a  fact  e^tftbliehed  by  accurate  observation.  M.  Valz  has  recently 
t  to  account  for  the  diminution  of  the  volumes  of  comet"*  on 
pg  !b«  80 Q,  and  their  subsequent  enlargement,  by  the  compres* 
■  they  undergo  in  the  course  of  traversing  the  solar  atmosphere. 
»  of  the  origin  of  the  phenomenon  necessarily  implies  that  the 
absolutely  impermeable  to  the  highly-attenuated  tiuid  through 
9  nssnmed  to  revolve,  a  condition  which  ia  utterly  incompatible 
that  oLaervation  has  rerealed  to  us  respecting  the  BtrnCinre  of 
lie*.  A  more  probable  explauntion  has  been  stiggested  by  Sir 
"scbet.  According  to  that  astronomer,  a!»  the  oomet  approaches 
elion  the  action  of  the  solar  heat  will  he  constantly  transforming 
oias  matter  of  which  it  is  composed  into  the  condition  of  a  trans- 
Tistble  gas ;  and  aa  thia  proceaa  necessarily  commences  at  the 
i|  the  nebulosity,  where  the  solar  rays  impinge,  the  immediate 
109  will  be  a  diminution  of  the  volume  of  the  comet.  After  tbo 
f  the  perihelion,  the  radiation  of  heat  from  the  surface  of  the 
lensed  portion  of  the  comet  ivill  not  be  sufficiently  eorapenfiated  by 
h««t.  and  the  diminution  of  temperature  hence  arising  will  occa- 
icipitation  on  the  surface  of  the  uebuloua  matter  suspended  in  a 
state  in  the  atmosphere  of  the  comet.  This  precipitalton  of 
mailer  will  continue  to  go  on  under  the  influence  of  the  cooling 
d  by  the  increasing  distance  of  the  comet  from  the  Kun, 

I  result  m\]  be  a  rapid  enlargement  of  the  visible  dimen- 
be  comet.  According  to  the  laws  of  equilibrium  the  lighter  par- 
be  precii>i tared  vapour  will  arrange  themselves  so  as  to  form  the 
atratum  of  the  enveloping  nebulosity  of  the  comet.  It  is  evi- 
that  aa  this  bounding  stratum  continues  to  diminish  in  density 
tain  a  higher  and  higher  elevation,  while  at  the  same  time  its 
teuuity  will  cause  it  to  assume  a  more  and  more  filmy  a.spect  *, 
r  of  the  physical  condition  of  the  nebulosity  of  a  comet  subsequent 
saage  of  the  perihelion  hits  received  a  strong  confirmation  from 
vationfl  of  Halleys  comet  by  Sir  John  Herschel,  who  found  that 
•ofisly  with  the  increase  of  its  dimensions  the  envelope  continually 
ter.  until  at  length  from  this  cause  alone  it  ceased  to  be  visible. 
ing  to  the  above  theory  the  growing  faintnesa  of  the  envelope  jg, 
kt  degree,  occasioned  bv  the  gradutil  absorption  of  the  vaporous 
imposing  it,  into  the  nucleus  of  the  coraet.  This  was  clearly 
IB  the  CQ&e  of  Halley's  comet  by  the  brilliant  appearance  of  tha 


u 


Mem.  Ast  Soc,,  vol,  ti,,  p.  99,  et  k(). 


I 


x3 


3oe 


TtlSTOHT   or   PRTSICAI.  AaTnOKOWT, 


nttclear  raj  daring  the  earlier  observations  of  the  comet,  and  the  ii 
of  reUfiire  brightness  exhibited  by  the  nucleus  itself  when  the  ray 
disappeared.  The  conclusiou  naturally  sujjgested  by  these  pUjsle 
changes  wa^,  that  the  nebdlou3  matter  composing  the  paraboloidul  em 
lope  of  the  comet  was  conducted  again  to  the  nucleus  along  the  nxh  ^ 
the  paraboloid,  and  that  the  ultimate  brightness  of  the  nucleus  was  due  " 
the  increased  condensation  of  its  constituent  molecules,  resulting 
front  the  accession  of  the  matter  composing  the  envelope,  and  partly  fwB 
an  actual  diminution  of  volume  consequent  on  its  diminishing  tcmj 
ture. 

The  foregoing  theory  of  the  vaiiatiou  of  the  volume  of  a  comet  di 
ing  on  itd  dLitance  from  the  ami,  ia  mainly  founded  on  the  principU 
the  nebulous  matter  of  the  comet  h  susceptible  of  being  tmusfor 
the  heat  of  the  suii  into  the  condition  of  a  transparent  invisible  gw^ 
that  90  loug  as  the  comet  i^  in  the  neighbiuirbDod  of  its  penheliooj 
actUJiUy  eticompaa^ed  by  such  an  atmosphere.     It  has  been  already  I 
tioued  that  the  observations  of  the  comet  of  1811  afforded  unequ 
evidence  of  the  exir^tence  of  a  transparent  atmosphere ;  for  upon  no  < 
Buppositiou  could  the  dark  interval  which  separated  the  envelope 
head  be  satisfactorily  explained.     When  the  precipitation  of  the  net 
matter  of  the  envelope  rendered  this  inter\'al  no  longer  visible,  it  «i 
possible  to  obtain  any  direct  assurance  respecting  the  atmospbettj 
that  it  still  continued  to  surround  the  comet  Hert^cbel  received  anf 
bitable  proof  iu  the  re- appearance  of  the  envelope  on  the  Qih  of  Oe 
1811*.     This  indication  of  a  second  stratum  of  nebulous  matter 
only  a  few  days,  and  was  doubtless  o<:casioued  by  some  circus 
peculiar  to  the  constitution  of  the  comet. 

In  all  speculations  on  the  physical  constitution  of  comets  tkti 
interesting  point  of  enquiry  ia  that  relating  to  the  origin  of  the 
these   bodies.     The  earlier  astronomera,  including  Appian,  C« 
Tycho  Brahc^  supposed  the  phenomenon  of  a  comet 'a  tail  to  arise 
from  the  passage  of  the  solar  ray  a  through  the  nebulosity  of  lh«  i 
comparing  it  to  the  appearance  presented  by  a  lieam  of  light  whs' 
been  transmitted  through  a  small  aperture  into  a  dark  chamber. 
not  seem  to  have  occurred  to  these  theorists,  that  the  beam  oriigbtj 
latter  intitance  Incomes  visible  only  in  consequence  of  the  pr 
floating  moli^cules  of  matter  which  obstruct  the  solar  raja  and 
them  to  the  eye  of  the  spectator  t. 

The   opinion  of  the  Cartesians,  although  based  on  a  more 
prinoiple,    involved    conclusions    totally   incon^islent   tvith    ob*ei 
They  imagined  tbe  tail  of  a  comet  lo  be  occasbned  solely  by  the 
tion  which  the  ether  of  the  celestial  regions  exercised  upon  the 
light  proceeding  from  the  comet  to  ihc  observer.     If  this  were 
light  of  the  toil  ought  to  exhibit  the  various  colours  of  the 
spectrum.     Upon  the  same  supposition  the  planets  and  fijted  start 
also  be  accompanied  by  taila.     Neither  of  these  conclusious,  ho«e*Wi  i 
borne  out  by  the  observations  of  astronomers.     Moreover,  acooniiog^ 
this  hypothesis,  the  deviation  of  the  tail  from  the  prolonipition  of 

■   Phil.  Tratt»,  1812,  p.  129. 

t    Pmpre,   ulluding  (o  (ht«  dibsurd   hjpoihpsis,  cirei  Newton  «iid  Gr«)tory 
remkfkcti  ihit  it  wu  at  vanance  witti  the  lundamcnltl  principlci  of  optical  aciner. 
wtM  obirotion,  however,  hud  «lfv«dy  been  clwlr  pointed  out  br  K«p)«r^Ih 
m«Ct,  p.  101.}  J     -r    — ^ 
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Tcetor  should  always  be  in  the  sanae  direction  when  the  comet 
ppeare  in  the  SHme  region  of  the  heavens.  Newton,  hnwever,  has 
remarked  that,  ahhough  the  comet  of  1577  occupied  the  same  apparent 
l^iitiun  OQ  the  '28th  of  December  which  the  comet  of  lfl8(J  occupied  on 
t!ie2&th  of  the  same  month  of  the  year,  and  although  the  earth,  in  both 
cues,  was  consequently  in  the  same  part  of  her  orbit,  the  tail  of  tho 
wmet  of  1&77  deviated  SF  towards  the  south,  whereas  on  the  other  hand 
ibe  tiil  of  the  comet  of  1680  deviated  '1|°  towards  the  MoriA  *.  It  follows, 
iLerefcre,  that  the  supposition  of  the  phenomenon  behig  due  to  the 
nJiiction  which  the  light  of  the  comet  suffers  in  passing  through  the 
I  O^Mial  regions  is  incoasisteut  with  observed  facts,  and  is  consequently 
onteaable.  Anotlier  opiuion  respecting  the  tails  of  comets  is  that  which 
wpposea  them  to  he  appearances  similar  to  the  aurora  borealis.  A  theory, 
fonnded  upon  this  view  of  the  subject,  was  proposed  by  Mairau,  but  its 
incoiisistencies  were  too  glaritig  to  secure  even  ita  partial  adoption. 

According  to  the  various  hypotheses  hitherto  considered,  the  tail  of  a 
cMBet  ia  toerety  an  optical  illusion,  havitig  no  real  foundation  in  nature. 
Aootlier  claaa  of  hypotheses  is  that  according  to  which  they  are  imagined 
to  be  composed  of  a  material  substance  similar  to  the  nebulosity  of  the 
Botoet  Some  persons,  adopting  the  maxims  of  the  Anstotelian  philosophy, 
fMpecting  light  and  heavy  bodies,  supposed,  that  the  matter  composing 
U)e  atmc^phere  of  comets  was  an  easentinlly  light  substance ;  that  in 
nrto«  of  its  inherent  levity  it  had  a  constant  tendency  to  recede  from  the 
sun;  and  that  hence  originated  the  appendage  of  the  tail.  It  is  hardly 
necessary  to  state  that  thia  hypothesis  is  Rt  variance  with  the  fundament^ 
property  of  the  inertia  of  metier  and  the  recognised  priucjple  of  universal 
pvjtation. 

The  first  approach  to  anything  resembling  a  rational  explanation  of  the 
isils  of  comets  is  unquestionably  due  to  Kepler.  According  to  that 
illuatrious  astronomer  a  comet  is  composed  wholly  of  a  nebulous  substance, 
the  coDstitoent  parts  of  which  are  gradually  broken  and  dispersed  by  the 
iocessant  action  of  the  solar  rays  upon  ihem.  The  lighter  particles  yield 
to  the  impulse  of  the  rays,  and,  proceeding  to  an  irotnense  distance  from 
tiiB  heaU  of  the  comet,  occaaioti  the  appendage  of  t!ie  tail.  The  denser 
pirticles  remain  behind  and  form  the  nebulosity  surrounding  the  headf. 
This  hypothe&is  furnished  a  satisfactory  account  of  the  general  direction 
of  the  toils  of  comets.  It  also  aBbrded  an  explanation  of  their  curvature 
tad  ibeir  concavity  -with  respect  to  the  region  ithicb  tlie  comet  was 
luring;  tor  it  is  manifest  that  as  the  comet  continued  to  revolve  in  its 
ortit,  the  nebulous  particles  impelled  by  the  solar  rays  would  lag  same- 
^ behind  the  prolongation  of  the  radius  vector,  and  that  the  effect  so 
^ndaced  would  bo  greatest  for  the  jiarticles  which  bad  ascended  the 
^Blie^t.  or,  in  other  words,  for  the  particles  most  rernote  from  the  head. 
Another  advantage  of  this  hj'pothesis  was  that  of  referring  the  phenomenon 
lo  a  true  physical  cause ;  f*>r  it  can  hardly  be  doubted,  whatever  be  tho 
■HmU  of  the  propagation  of  light,  that  the  solar  rays,  if  interrupted  in 
thfttr  progress  by  A  malenal  substance,  must  communicate  to  it  an  impact 
of  tome  degree  of  intensity.  On  the  other  hand  it  must  be  admitted  that 
ihe  cause  assigned,  although,  founded  in  nature,  cannot,  with  any  degree 
of  prabability,  according  to  Kepler's  view  of  it,  be  considered  sufficient  to 
luce  the  observed  appendage  of  the  comet.     A  material  improvement 
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of  tUe  hypothesis  of  that  ai>t.i'otioi[]er  coTisisted  in  introdludiig  the 
heat  as  one  of  the  HXi'iiing  causes  of  the  pbenomeuoD.  The  first  peraq 
who  £tppear:i  to  buve  explaiued  tha  formation  of  tha  tails  of  comets  upoi 
thi.3  tuove  eiihit'g^d  view  of  the  action  of  the  eun  was  Clatide  Comien 
a  French  wntcr,  who  nourished  alniut  the  middle  of  tho  seventeeiilt 
century,  lie  supposed  ibe  pai'tkles  composing  the  nebulo^itj  i^f  ({t{ 
comet  to  be  mrejied  to  bo  great  a  diigree  bj  the  heat  of  the  9uii|  as  to  jieU 
with  facility  Lo  the  impulse  of  the  sokr  rays,  and,  aequimig  from  Hm 
C&usc  a  itioLton  in  the  direction  opposite  to  the  suu,  to  form  an  nppeudi^ 
to  the  comet  represented  by  the  phenomenon  of  the  tail*^  The  [be<>7of 
Kepler,  thus  improved,  prt^setit*ji  itself  to  the  miad  of  the  enquirer  uftdor 
a  much  more  favourable  aspect  than  previoui^ly ;  for,  however  feeble  luigltt 
he  the  dynamical  iulluetico  of  the  solar  ra)'^,  it  was  possible^  without  ts^ 
ceeduig  the  bounda  of  a  rational  probability,  to  scribe  the  phenometioa  (o 
their  agency,  by  ^uppn^sing  an  adequate  attenuation  of  tlie  nebulous  putter 
of  the  comet,  arising  from  the  CiUoritic  jvower  of  the  rays.  No  furtiier 
notice  appears  to  have  been  taken  of  tlii^  theory  until  the  time  of  WliiflW, 
who  explained  it  with  gieat  clearness  in  hisi  work  entitled  '*  A  New  TliMfj 
of  the  Earth. "-I-  It  was  htjon  afitirwarda  referred  to  by  Euler  om  ihe  itioil 
eaiiiafdctory  explauation  of  the  phenomenon  that  bad  been  hitherto  deriaed; 
find  upon  the  hsloig  ground  it  ha&  been  favourably  mentioned  by  outiV 
subsequent  aatronomera  and  mathematicians,  including  in  mora  iMIBt 
times  Sir  William  Herscheh  Laplsee,  Delambre,  and  Arago. 

Kewtot),  in  the  Principia,  has  entered  into  some  interesting specuIatioOi 
on  tbo  physical  coutititution  of  comets,  in  the  course  of  which  he  dibcutiei 
the  various  hypotheses  that  had  been  formed  with  a  view  to  account  fat 
the  origin  of  tbe  tails  of  these  bodies  |.  Of  these,  the  hypothesis  of  Keplw« 
founded  on  the  impulsion  of  the  solar  rays,  appeared  to  bitn  lo  le  the  oolj 
one  which  offered  any  degree  of  probability ;  but  his  mind  w&i  too  miKli 
pre-occupiud  with  an  hypothesis  of  his  own  upon  the  subject,  to  allow  Urn 
to  give  the  full  sanction  of  his  atilhority  to  it,  Newton's  view  of  i1m 
origin  of  tbe  tail  of  a  comet  was  thte :  be  supposed  the  rays  of  the  W0| 
by  their  calorific  iafluence,  to  raise  the  temperature  of  the  nelmlwM 
|mrticlea  of  the  comet,  which,  in  their  turn,  communicated  a  portioa 
of  the  heat  thus  acquired  to  the  contiguous  particles  of  the  ethfrei^ 
fluid  composing  the  solar  atmoBphere.  Tbid  increase  of  temparttUU* 
being  accompanied  by  a  oorrespouding  diminution  of  density,  the  f^ 
ticlcM  of  tbe  ether  ascended  to  a  greul-er  dietiince  from  tlie  flat* 
carrying  along  with  tbem  the  more  volatile  particles  of  the  comit  ifl 
tbe  game  manner  aa  au  upward  current  of  air  causes  smoke  lo 
in  tlie  terrestriul  atmosphere  §.     Tbe  general  direcUon  of  the  tail, 

*  TraitI  de  la  Nature  et  Preeagc  dei  Comitu,  p.  8J. 

•|-  Sbk  p.  52  of  the  work  citetL  1   Prin.,  Jib,  iii.,  prgp,  41, 

L"  Nenton,"  Kajt  LdonJe  {  As|„  tome  jEi,,  art.  3213).  '*  i\ippo»ed  the  taiU  gf  < 
cmonatiotis  fromt  thv!r  atmospheres.  He  rcma/ked  thai  Bmoke  and  vapom 
■wend  fVnm  the  comet  either  in  const;quence  nf  itie  itnpul«e  which  they  mn^vvfr^m  lit* I 
rayi,  ur,  mori:  probably,  from  tbft  ran/heiioti  which  ihe  taliir  heat  produce*  in  their  itnn 
uberet."  it  doei  not  teem  to  have  occurred  lo  the  aMronooier  jutt  cilcd,  (Uttiot** 
deed  hethrcwihe  rrspon^ibtllty  t>f  Ihe  omission  upon  Nt'vrtmi.)  lh:it  uitliout  the  ■didiiiai'l 
■upposHIon  of  a  solar  atmn^phere,  the  v.ipours  of  ilie  comet,  if  rarified  by  hcdt,  ""W 
extend  equally  in  all  dinjciiftrm  from  the  head.  In  the  very  nei,t  article  of  the  wn 
cited,  he  0ve*  a  clear  dejK-rtplifiit  of  Newton'*  theory,  aieribing  it,  how«v«r,  not  to  H 

Ehitofiap|ier,  hut  Id  Boscovic-h,  and  stating  thai  it  first  appeared  in  a  worit  publiibed*] 
m  at  KQtni!  in  tlic  year  l7Hi> 
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from  a  straight  line,  and  its  convexity  with  respect  to  the  region 
I  which,  the  comet  vtm  advancing,  were  explaioed  hy  this  tlieory 
e  same  fucility  as  by  Kepler's.  NotwitLstaiiding  these  advantageg, 
iriih  ft  receplion  from  men  of  Bcieuce,  which  forms  a  striking  con- 
th  that  ejiperienced  by  the  other  phyaiciil  theories*  af  its  author, 
munstttni-e  is,  perhaps,  in  some  degree  attributable  to  Newton's 
tiou  of  a.  principle  whose  existence  was  unsupported  by  any  pofiitira 
e,  tk  CfiiiU  wbich  that  illustrious  philosopher  @o  cautloasly  avoided 
f  other  speculations.  It  may  be  remarked,  however,  that  cometitry 
leoft  are  not  altogether  wanting  in  indications  of  a  solar  atmosphere, 
)  Euch  ethereal  Huid,  pervading  the  celestial  regions.  It  has  been 
juetiiiqned  that  the  motion  of  Encke'B  comet  naetoB  to  indicate  tbs 
K'fif  stiich  a  tiiiid*.  Another  hct,  ^vhicli  hoA  been  more  generally 
|u.  tend.^  aUo  to  guggeiit  tbo  fiuspicioii  of  the  comet  moving 
I A  resisting  medium.  It  has  been  mentioned  tliat  the  tail  of  a 
la  nsuaJij  brighter  and  better  defined  on  the  convex  than  on  tbe 
I  aide.  Now,  thii  is  the  reisuU  ivbich  might  naturally  be  expected 
induced  by  the  motion  of  the  comet  through  a  resisting  medium ; 
be  convex  side  of  the  tail  in  also  tbe  preceding  side,  it  is  the  part 
uld  be  nminly  exposed  to  tbe  pressure  of  the  ethereal  tiuid  ;  and 
n  consequence,  more  condensed,  it  ought  to  ap|>ear  more  luminaue, 
present  a  sharper  outline  Oian  the  cumca*-*!  sida.  Newton,  iudeed, 
diiierent  explanation  of  tliij^  pheuumeuon.  He  considered  it  to 
om  the  cireuux^iance  that  the  pui'ticlea  composing  the  preceding 
the  tail,  had  more  recently  ascended  from  the  head  of  the  comet 
e  other  particles,  ami  therefore  tbut  less  time  was  allowed  for  their 
a.  in  spucef.  It  is  not  improbable  that  the  anporior  brightnaaa 
arer  definition  of  the  convex  side  of  the  tail  may  be  doe  to  the 
ed  operation  uf  both  these  causes. 

;ou'a  theory  of  the  tails  of  comets  may  perhaps  be  considered 
8a.tif factory  with  tliat  which  refers  Uiem  to  the  action  of  the  8olar 
KJO  the  more  volatile  particles  of  llie  cometic  atmosphere ;  but 
the  one  nor  the  otiier  can  be  regarded  as  anything  else  than  a 
lypothesis,  which,  although  it  affords  an  explanation  of  a  few  of  the 
nominent  features  of  tbe  phenomenon,  is  incapable  of  conducting 
its  of  any  precision,  and  totally  fails  to  render  an  account  of  minute 
Thus,  althoiigli  the  general  direction  of  the  tails  of  comets  is 
ed  for  sufficiently  well  either  by  tlia  dynamical  action  of  the  solar 
K>n  the  conieiic  atmusphere,  or  by  their  calorific  agency,  assuming 
itenoe  of  a  Bo!ar  atnioaphore,  it  is  utterly  impossible  to  explain,  by 
it  th8«e  principles,  such  a  phenomenon  as  that  presented  by  the 
)f  18*23,  which  had  one  tail  extending  iu  tlie  usual  direction,  and 

Koed  almost  completely  towards  the  sun.  Many  other  anoma- 
ancesare  equally  int'xplicable  by  either  of  the  two  hypotbeses 
ntioned.  A  mure  recent  view  of  the  subject  is  founded  upon  the 
tion  of  the  phenomenon  being  due  to  electrical  agency,  Que  of 
lievt  advocates  of  tbis  mode  of  explaiiatlon  was  tbe  German  astro^ 
Olbers.  In  mor<?  recent  times  it  has  been  favourably  noticed  by 
Biot,  and  Sir  John  tlorschel.  The  limits  of  this  work  prevent 
tber  allosion  to  it  here.  It  may  be  remarked  that  in  the  present 
'  our  knowledge  resi>ecting  the  nature  and  mode  of  operation  of  the 


•   See  p.  13J. 
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electricftl  principle,  it  is  utterly  liopeless  to  arrive  at  any  reliable  Cf 
elusions    by  meana   of  a   theory  founded   upon   the   supposition  of 
agency. 

The  question  whether  conoeta  are  self  luminous,  or  whether 
indebted  for  their  light  solely  to  the  sun,  has  often  b«eu  disci 
astronomers.  The  high  magnifying  powers  that  these  bodies 
inBtances  support,  tend  to  favour  the  couclusion  that  they  are  eelf  luon- 
II0U9.  It  was  upon  such  grounds  that  Herschal  concluded  that  the  oociet 
of  1807,  and  the  first  comet  of  1811,  slione  by  a  light  essentially  iahcrant 
in  their  respective  substances*,  Bessel  v-as  of  opinion  that  the  Kuddea 
variutions  of  brightness  exhibited  by  Holley's  comet  in  the  month  of 
October,  1835,  could  with  difficulty  be  accounted  for  by  any  other  sttppj- 
sition  than  that  of  a  developementof  light  by  the  substance  of  the  cotMtl. 
It  h  manifest  that  the  appearance  of  phases  in  comets,  if  established  W 
yond  doubt,  would  afford  a  decisive  proof  that  these  bodies  shine  only  fcf 
reflection.  It  has  been  asserted  that  phases,  in  some  instouces.  mm 
been  actually  observed,  but  such  stfttements  have  not  been  supported  bj 
the  obserratious  of  contemporary  astronomers.  Delambre  meutions  thcl 
the  registers  of  the  lloyal  Obaervatory  of  Paris  exhibit  unequiTocat  ioii- 
cations  of  phases  m  the  comet  of  ItiSiJ,  It  is  to  be  remarked,  howo'tr, 
that  neither  Halley,  nor  any  other  astronomer  who  obser>-ed  ibis 
makes  mention  of  iiuch  a  fact.  Again,  James  Casstnt  states  tl 
comet  of  1744  exhibited  phiisea  which  would  have  been  m  iht 
those  of  Venus  if  the  disk  had  been  somewhat  larger  [.  On  the 
hand,  Heinsius  and  Chesaux,  who  both  obser^-ed  the  comet  with  csj 
attention,  have  explicitly  denied  the  existence  of  any  indications  of  soeb 
a  phenomenon.  In  more  recent  limes  CnccitUore,  the  celebrated  luHsm 
astronomer,  expressed  his  positive  conviction  that  the  comet  of  iilf^ 
presented  the  appearance  of  a  crescent,  It  was  found,  however,  '  ''^ 
position  he  assigned  to  the  line  johiing  the  horns  of  the  crescent 
compatible  with  the  supposition  that  the  comet  ahone  by  the  li^t 
eun.  Sir  William  Herschel  wasi  unable  to  discover  anything  restli 
a  phase  in  the  comet  of  1 BOT.  although  he  assured  himself,  that  v| 
siderable  portion  of  the  disk  could  not  have  been  illutainated  by  li* 
at  the  time  of  obser^'ation  §.  The  obaervutiona  of  subsequent  ftstmno 
have  also  been  generally  unfavourable  to  the  existence  of  phases 

Although  observations  indiealii>g  the  existence  of  phases  in 
would  establish  beyond  all  doubt  that  these  bodies  snine  by 
light,  it  must  be  admitted  on  the  other  hand  that  the  absence  of 
phenomena  does  not  warrant  the  conclusion  that  comets  are  self  lumil 
With  reference  to  this  point  it  is  to  ba  remarked,  in  the  first  placeJ 
if  A  comet  consists  of  a  mere  globular  mass  of  vapours,  it  will  oS 
efiectu&l  opposition  to  the  passage  of  the  solar  raya,  and,  consequi 
will  reflect  light  with  equal  facihty  from  every  part  of  its  surface, 
if  the  comet  uhould  oflcr  uuequivocal  indications  of  the  e.\isteiire  d  > 
nucleus,  since  in  eveni*  such  case  the  surrounding  nebulosity  is  oi  i^' 
mense  extent,  it  is  dtflicult  to  conceivo  how  a  diilerent  result  dfl  '*''* 

•  Phil.  Trwit,  1809,  p.  157;  ibid,  18T2,  p.  119. 
f  CanniuHDCo  dei  Temp*,  1840.     AddiL  p.  98. 

I  Mem.  AcaiL  dcs  Scicncvji,  1744,  b.  303.  |  Phit.  Tnni,.  IftOS,  p.  iH- 

II  Sir  John  Heivhel  hu  rcmafkcd  Ihut  uothinE  which  could  bcu  the  IcmI  nmM 
tn  «  pbue  wu  perceptible  in  HalJcj'i  cornet..^  JifeiWd  o/Ait.  O&t.  ^f  tka  C^  ^i 
Bopei  p.  997.) 
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if  ih&  nucleus  be  composed  of  a  solid  substance.  But,  'm  fejitt 
dei  of  comets  are  bo  very  small,  that  even  under  the  most  favour- 
nMunstances  the  discovery  of  phases  might  naturally  be  expected  to 
he  ino^t  delicate  observations*. 

^ry  different  method  baa  been  devised  by  M.  Amgo  for  ascertaining 
lure  of  tUo  light  bj  which  cornels  shiue.  It  is  well  known  that 
ighi  is  reflected  from  a  body  at  certain  angles,  it  acquires  properties 
it  hum  those  which  characterize  light  emitted  directly  from  u  self  lu' 
I  body ;  or,  in  other  words,  the  light  thus  reflecied  becomes  polarized, 
sma  of  experimetits.  on  the  light  of  the  comet  of  1810.  M.  Arago 
that  it  coutftined  polarized,  and  therefore  retiected  light.  Simrlar 
neiita  on  Hd ley's  comet,  made  on  the  occasion  of  its  apparition  ia 
afforded  still  clearer  indications  of  the  existence  of  reflected  light  f, 
ar  instances,  as  iq  the  case  of  the  great  comet  of  1843.  no  trace  of 
ed  light  was  discernible  ^  It  may  be  remarked  that  experiments 
nature,  however  one  qui  vocal  their  results  may  be,  are  not  capable 
iding  the  question  with  respect  to  the  nature  of  the  light  by  which 
i  ahine,  since  a  body,  although  self  luminous,  doos  not  with  less 
on  that  account  reflect  the  lij^lit  of  other  bodies.  There  is  a  ques- 
atiother  kind,  however,  upon  which  such  experiments  are  calculated 
'W  a  decisive  light.  It  has  been  mentioned  as  a  proof  of  the  trans- 
f  of  the  matter  of  which  comets  are  composed,  that  the  smallest 
lave  been,  occasionally  seen  through  them  without  undergoing  any 
Ltiou  of  lustre.  This,  however,  has  not  been  the  invariable  result 
a  occurred,  under  such  circumstances,  to  the  observation  of  a&tro- 
i.  In  Bome  instances  the  star  lias  appeared  sensibly  fainter  from 
Lerpo^ition  of  the  comet.  For  example,  on  the  31st  of  October, 
Sir  WiUiam  Herschel  found  that  small  stars,  seen  through  the  tail 
comet  of  that  year,  exhibited  a  considerable  dirainution  of  briglit- 
( they  became  more  involved  in  the  nebulosity  of  the  coniet.  This 
Ltion  of  brightness  ia  readily  accounted  for  by  the  obstruction  which 
rticles  of  the  cometic  matter  offer  to  the  rays  of  light  proceeding 
he  ttar  to  the  obserxer.  It  is  to  be  remarked,  however,  that  ac- 
;  td  a  principle  of  optics,  a  feoble  light  when  projected  upon  an 
lated  ground,  suffers  an  apparent  dirainution  of  brightness:  aud 
eslion,  thert^fure.  arises  whether  tho  falntness  of  a  star,  when  seen 
h  a  comet,  is  not  wholly  referable  to  this  cause.  In  the  instance 
cited,  Uerschel  felt  a  disposition  to  adopt  this  as  the  true  explatm- 
'  the  phenomenon,  on  the  ground  that  the  bnghtnass  of  the  tail  of 
net  waa  a  fact  palpable  to  observation,  whereas,  on  the  other  hand, 
ras  no  evidence  to  prove  the  existence  of  Hoating  particles  of  matter 
meA  between  the  star  and  the  observer!.  Now  tlie  experiments  of 
igo  on  the  light  of  comets  establish  beyond  doubt  that  the  substance 
ch  the  tails  of  these  bodies  are  composed,  is  sufficiently  dense  to  ob- 
the  rays  of  light  proceeding  from  a  lurainous  body  ;  for  the  pheno- 
^f  reflected  light  necessarily  implies  that  the  cometic  particles 

^Bfiag^lo  Sir  Winbm  Herschel  the  nud>kua  or  the  cotnvt  of  1807  had  an  app&^ 
^■ter  of  l"^(Phil.  Trrtfis.,  1808.  p.  lc>(J>,  THl*  s^mc  astronomer  found  ihc 
PHinKter  of  the  nucleus  of  tbc  Bnt  comet  of  1611  to  be  only  0".775.— (P^i/. 

;i8i2,p,iia) 

Dnptet  Rendus,  lomc  L,  p.  257.  t  Ibid,,  tomQ  xvi.,  p.  597. 

Itiidiel  «t  this  time  fvas  inclined  to  bclicre  thai  the  (ail  of  a  ccitnet  was  merely  an 
pbtiiKimfnon  rescmbllitg  the  aurora.  Loreolu. — {PhiL  Tram,,  1809,  p«  1^9.) 
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possass  this  power  of  obstmction.  It  results,  therefore,  that  the  I 
wbii:;h  small  stars  occastonaJly  exhibit,  when  perceived  througb.  i 
of  the  substance  of  a  com&t,  may,  and  iu  a]lproUabUitj(j'a«»,  to  idmi 
flrise  from  the  resistance  Avhich  the  cometic  particlea  oppoao  ta  ihi 
light  proceeding  from  the  star  to  the  observer*. 

When  the  flitmj  nature  of  the  substance  of  a  cotoet  is  takeu  ii 
sideratiof),  it  is  diflicult  to  conceive  how  such  a  body  is  not  entire] 
pated  iu  space  by  the  enormous  boat  of  the  sun  during  its  passage 
perihelion.  ^lentiou  has  already  been  made  of  Newton  IiaviDg  ca 
that  the  great  coraet  of  16^0,  when  it  arrived  at  its  least  distaucef 
ami,  was  subjected  to  a  heat  *iO00  times  greater  tliaii  that  of  red-ho 
He  considered  that  the  circumstance  of  a  comet  being  able  to  niair 
existence  after  pasi^iug  through  such  a  terrible  ordeal,  formed  ( 
Bistible  argument  iu  favour  of  its  being  a  solid  body.  Laplace,  i 
himiielf  of  Black's  beautiful  discovery  of  latent  heat,  shewed  t 
dm-abUity  of  the  existence  of  a  comet  might  be  accounted  &r, 
having  recourse  to  a  principle  which,  to  say  tjie  least  respectiug  it, 
receive  any  support  from  ub:jerTation.  It  was  established  by  tlie  € 
philosopher  just  cited,  that  when  a  body  is  in  the  course  of  pHSsii 
the  liquid  to  the  gabeous  &tate,  the  particles,  as  they  become  aucci 
volatilised,  abstract  from  the  body  a  large  quantity  of  caloric  whit 
tinues  inseuaible  to  the  tliermoraeter<  Laplace  supposed  that  tl 
thus  carried  oil"  by  tlie  volatilized  particles  of  the  comet  daring  its  ] 
of  the  perihelion,  would  serve  to  moderate  the  temperature  of  th' 
condensed  portion  ;  and  conversely,  tlie  heat  given  out  by  the  stu 
ticle^,  ill  the  course  of  their  return  to  the  liquid  state,  would  he 
effect  of  counteracting  the  id  tense  cold  to  which  the  comet  wo 
e.\posed  in  the  more  distant  [larts  of  its  orbit  ^. 

\Vhether  a  comet  be  composed  of  a  partially  solid  stihitance,  or  « 
it  consist  of  a  mere  collection  of  vapours,  is  a  question  wJiich  hm 
been  resolved  to  the  satisfaction  of  aslronomerti;  but  one  thing  is  t 
that  the  masaea  of  comets  mu^it  bo  very  small.  This  was  str 
evinced  in  the  case  of  Lexell's  comet  by  it^  passage  through  the  tai 
the  Bystcra  of  Jujiiter's  satellites,  in  the  year  1770,  without  occasion 
slightest  perceptible  derangement  in  the  motion  of  either  of  those 

*  It  seems  difficult  to  account  for  (he  exfrema  faintness  of  the  ttui  seen  by  Sir 
Hend^el  through  the  comet  at  1807,  without  supixHm^  U  to  have  been  in  somi 
produeed  by  the  iritLTpositioii  of  the  eometic  *ubsM.nce.  On  the  othmr  h«ndi  I 
Herachel  has  remHrkeil  that,  altliaug;h  innuioenihli;  Rtan  of  all  mjignitudee,  from  tl 
dovnwarda,  were  «^eii  by  hiia  through  tho  eubalaiice  of  Halley'!*  ctnuel,  tlierc  m 
peai-ed  tbc  least  g^rouiid  for  presuming  any  extmction  of  their  light  in  travel 
*'  Very  small  Blars  were,  itideeJ,  obliterated,"  says  tlint  eminent  aslronamer,  " 
would  have  been  by  an  equal  illuminaiion  of  the  fieUd  of  view ;  but  in  no  case  to  i 
extent  than  they  would  hnvc  tieeti  by  itd  much  )amp-lit^ht,  artifidolly  iiitroduoed,  \ 
of  Ait,  0h9.  aifkt  Citpe,  p,  4(J1.) 

f  A*  thi*  result  of  Tsewtim's  ic  uftcn  L'iled,  it  noay  not  be  out  of  place  briefly  to  t 
grauiidi  upon  whlrh  he  eslahllshed  it.  When  the  comet  was  in  pcriheiiofj,  on 
of  Dcreimitr,  it*  distatice  frfjinlhc  centre  of  the  sun  was  to  theearih'sidji(anee«s6l 
Now,  since  the  intensify  of  the  gun's  heat  is  reciprocally  ,T5  the  square «f  the  distftnee: 
centre,  it  follows  that  the  suti'&i  heat  on  the  comet  Ksa  to  the  heat  of  the  sumtnti 
1,(XH),(100  to  36.  or  u  28.000  to  I.  But  \w  alto  found  by  experinsent  lh»t  the 
boiling  water  is  about  threa  timet  grenter  than  the  heat  uhich  dry  earth  acquimf 
BUrciiDcr  sun  ;  and  he  moreaver  eonjecturtid  tl>at  red-hut  iron  is  about  three  or  ftn 
hott«;r  than  boiling  water.  Hi^  tinat  eondiisinn  consequently  was  that  the  COBi 
bate  been  bubjected  to  a  heat  2t)D0  limes  greater  than  tliit  uf  red-hot  irun. 

jr  Systeme  du  Moodc,  lome  L ,  book  ii. ,  chap.  v. 
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Tbe  qatttioti  with  respect  to  the  end  which  comets  nre  deaigned  to  servo 
in  the  economr  of  creati<»n,  appears  to  be  involved  id  a  degree  of  obscurity 
fK&Ur  even  :  which  surrouuds  any  other  enqiiirj  coimected  with 

tbes^  tnyalffit  ii>'%.     Newton  a.^serted  dmt  all  those  comets  which 

d««cead  so  low  as  to  come  within  the  solar  atmosphere,  would  suifer  a  re- 
tadatkiD  of  their  laotioo  oti  each  occasion  of  tlieir  passage  through  their 
pehbeliar  and  being,  in  couaequirnce,  leaa  capable  of  re&idtiitg  the  attrac- 
tion of  the  sun»  would  gradually  opprouch  that  body  until  they  oltiroateli' 
yi  apoQ  his  surface .  General  ising  tit  is  idea,  bft  auppofred  timt  the  ttzed 
ttirs  might  be  OL-casiouaDy  reemited  bj  the  falling  of  comete  into 
ibeta,  and  that  the  oontlagmtion  hence  arising  might:  account  for 
lliicsc  tempomrj  stars  which,  at  di^erent  times,  have  appeared  with  greai 
ipWnJour  ill  the  heavea^.  With  respect  to  the  tails  of  coiuets  be  waa 
d/  opimoii  that  after  being  dissipated  in  space  they  were  absorbed  bj  tha 
pliuets.  mud  entering  iuto  a  muktlude  of  chemical  combinations  with  other 
nbCacces,  tended  thereby  to  repair  the  \raste  of  duida  ooca^iuoed  bjr  the 
mponLling  iuduence  of  the  sun.  It  would,  perhaps,  be  aj&  ditbcult  to 
dii^re  lhe3«  soraiiees  tt  to  demonittmte  theur  truth,  for  in  fact,  they 
cu  crtily  be  regarded  as  mere  sallies  of  the  imagination  into  regions  of 
~  ight.  beyond  the  reach  of  legitimate  reasoning-  The  speculations  of 
ding  astronomers  on  this  subject  do  not  lead  to  conclusions  of  a 
satisfactory  kind  than  those  above  hinted  at.  Sir  ^Villiam  Herschel 
of  opinion  that  a  comet  on  tbe  occasion  of  each  perihelion  passage 
■Quires  a  more  perfect  state  of  condeniiatioti  in  con^ecj^uence  of  the  action 

ttbe  solar  heat  upon  the  nebulous  matter  of  which  it  is  partially 
iposed.  This  hypothesis  pointed  out  to  the  probability  of  a  comet 
EituaUy  acquiring  the  eunsiKtency  of  a  solid  body  and  assimilating  itself 
m  all  respects  to  a  pkuet>  A  similar  view  of  the  ulltm&t«  stato  of  comets 
^tm  adapted  hy  Laplace,  who  remarked  that  the  oomet  of  1T5Q  was  tho 
•oly  one  which  had  hitherto  exhibited  any  indications  of  having  arrived  at 
>  fixed  condition.  He  \\&s  probably  led  to  this  conclusion  by  a 
ooapansou  of  the  recorded  nppanLians  of  the  comet,  from  vvhich  it  would 
tttm  that  it  had  been  diminishing  in  splendour  on  tbe  occasion  of  each 
fttjim  to  perihelion,  until  at  length,  in  175^  it  almost  ceased  to  exhibit 
^  mt>T9  striking  peculiarities  nf  a  comelary  body.  Much  of  the  a\¥ful 
4tia)i5ceoc«  of  the  comet  on  the  occasion  of  its  apjiaritioQ  in  145Q  is 
^kxiotless  attributable  to  the  ed'ect  upon  tbe  imagination  of  a  phenomenon 
that  was  universally  regarded  with  feelings  of  terror,  as  a  visible  mani- 
ftttation  of  divine  displeasure;  but  it  is  an  indisputable  fact  that  the 
Comet  was  a  much  more  conspicuous  object  in  1007,  tlitin  it  was  in  1084 
<>r  l"5y.  Thus,  in  ItiO'.  Kepler  distinctly  perceived  the  tail  with  the 
blkfid  eye.  thirty  days  before  the  comet's  arrival  in  perihelion*,  lu  l&^'i 
Um  comet,  even  for  home  time  after  it  became  viehle  to  the  naked  eye, 
did  not  e^ilubit  any  vestige  of  a  tail,  for  Caabtui  has  remarked  that  its  disk 
*M  aa  romid,  as  w^U  defined,  and  as  devoid  of  nebulosity  aa  that  of  tha 
planet  Jupiter  t-  Perhaps  the  circurastance  of  ite  appearing  so  soon  after 
Ui«  great  oomet  of  lfib«>  may  bai>e  cattaed  ita  oomcilc  fetitures  to  be  in 
*Bio«  deigree  overlookt^d  by  a»itronomers.  This  could  not  be  said  on  the 
^QMlOil  of  tbe  return  of  the  comet  in  I  To  9,  for  although  Messier  carefully 

eooiet  wilh  Hi  fjiil  wsu  Men  at  Prague  by  muny  pcr»om  as  well  at  Ki'pler  on 
If  Scetetaber  (Dt  Cemeiis,  p,  25).     According  to  Halley  it  pM«id  it«  peri- 
I  «B  lb*  IHtb  of  Oetober. 
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observed  it  with  a  telescope  twenty-six  days  before  the  passAge  of  the 

perihelion,  he  was  unable  to  discern  the  slightest  trace  of  a  tail.  So  iar, 
therefore,  the  remark  of  Laplace  appears  to  be  (Supported  by  observation. 
Unfortunately,  however,  the  comet  duriog  its  last  apparition  exhibited  i 
decidedly  tGS3  planetary  aispect  than  it  did  in  1759:  for  on  the  l2tbof 
October,  1835,  the  Uiil  was  already  visible  to  the  naked  eye  as  a  veryooii- 
epicuous  object,  although  the  passage  of  the  perihelion  did  not  take  plaw 
until  35  days  afterwards. 

The  foregoing  account  of  Epeculutioas  on  the  physical  constJtu- 
lion  of  comets  may  serve  to  shew  hovv  much  yet  remains  to  be  done  h 
this  interesting  department  of  astronomy.  It  ia  clear  that  a  more  ei- 
tensile  collection  of  facts  tbau  that  at  present  in  the  possession  of  astro- 
uomera,  mnst  be  formed  by  a  long  course  of  accurate  observation ;  and  tint 
more  mature  views  of  the  great  agents  of  nature  must  be  arrived  at  by  in 
Bfisiduous  cultivation  of  the  various  branches  of  physical  science,  befow 
any  hopes  can  be  entertained  of  coming  to  a  definitive  conclusion  respect- 
ing the  more  essential  properties  of  these  mysterious  bodies,  or  the  pur- 
poses they  are  designed  to  accomplish  in  the  economy  of  the  materiAl 
imirerse. 


CHAPTER  XVI. 

Importance  oF  Facts  la  ihs  CuSlivationof  Physics.— Astronomy  a  Srienoe  of  ObMTrJJwn. 
^InequaUtie*  which  aflecl  ihe  apparent  poKitioni  of  ihe  Crlcstial  Bodiei.  — Ptrrtl- 
sion.— Its  Discovery  by  Hipparcbms.  — Researches  of  Modern  Astrunomerj  ofl  i* 
Value.  — BtMel.—  Pelers,  — Out)  Slruve.—  RefraL-tioii.— lis  effect  iipon  the  HiwOf* 
Celntiat  Body  first  remarked  by  Ptolcniy. — Opinion  of  Tjchu  Br.ih^  rwpetting  <u 
Nature.— The  first  Theory  of  Refraction  due  to  Cassini.— His  Tabk>  of  Refractieas— 
Newton. —  Hi»  Correspondence  with   Flam»tejid  on  the  suh[ect  of  Refrndioo.— Ft»f" 

mula  of  Bra^dLey .French  Tablea  of  Refmciion. —  llesearches  of  Deswl.—  AIkih**'*' 

—  Ila.  discovery  by  Bradley, — Alod^rti  Dcicrminationa  of  its  Vahie.  —  Nulaiioii  <i* 
covered  by  Bradley.  —  Its  most  Approved  \'aluc. — Reaearche*  on  Far&Uax, — ilelliwfe 
for  faeibtaliiij  the  Reduction  of  Observalions. — Method  of  Beis^l. — Phybical  (iuf 
wtncti  more  especially  aSect  Uic  Aspect  of  the  Celestial  Bodlev — DiflVaction. — hv^ 
tion. 

It  does  not  require  a  profound  nquaiotance  with  the  history  of  any  lutu^^ 
of  physical  science,  to  arrive  at  the  conviction  that  its  advancemeat  bas 
been  invariably  effected  by  reasoning  upon  facts  whose  existence  had  bee"] 
already  eatablisbed  either  by  observation  or  experiment.  AstroDOUiy  ^ 
essentially  a  science  of  observation.  Even  in  the  earliest  stn^of  Jt* 
progress  some  interesting  results  were  deduced,  by  simply  notiag  ^ 
periodical  recurrence  of  the  more  obvious  phenomena.  It  was  by  p'*''" 
suing  a  process  of  this  sort  that  the  Chaldeans  succeeded  in  obtaining  n)^* 
approiiraauons  to  the  times  of  revolution  of  the  sun  and  moon,  and  m 
predicting  the  occurrence  of  hniar  eclipses.  The  earlier  philosophcrt  <'' 
Greece,  misled  by  erroneous  viesvs  with  respect  to  the  mode  of  discovering 
truU1^  imagined  that  it  would  be  inconsistent  with  the  dignity  of  the 
human  mind,  to  recognise  any  alliance  between  the  lofty  spectilations  ^' 
abstract  science  and  the  monotonous  task  of  observation.  It  foUoweii'* 
a  nece«jmrj  consequence,  tbat  during  many  years  of  Grecian  htstorf*  ^ 
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sren  excepting  tUe  paljny  dajs  of  Aihenian  ciTilisation,  no  progress  «t« 
\e  in  the  study  of  astronomy.  Il  was  only  -when  AlesandriA  became 
i»  capital  of  die  civiliseii  tjc>rld,  and  learning  in  all  its  departmenls  wu 
\y  patronised  bj  the  Ptolemtes,  that  the  pbenomeua  of  the  he&Tflns 
ere  olset^ed  vriih  negnlarity  and  care  by  the  aid  of  instrameuU  iuTented 
ibat  express  purpose.  Accordingly,  astronomy,  considered  as  a  science 
>rict  calcutatioii.  va&  during  this  period  established  on  a  durable  bens. 
euiEiot  be  asserted,  indeed,  tbat  eTen  yet  the  metaphysical  notions  of  the 
ipttvlstire  philosophers  had  been  wholly  b&nbhed  from  the  science.  The 
imiotellsp  dogmas  respectiDg  the  esseutial  nature  of  the  celestial  move- 
neotawere  still  regarded  as  indisputable  axioms,  between  which  on  the  one 
kind,  and  nature  on  the  other,  a  sort  of  cotapromi^e  whs  effected  bv  meent 
t(  tbe  famous  mechanism  of  epicycles.  So  loug,  indeed,  as  the  di^cord- 
HMS  between  its  results  and  the  actual  phenomena  of  the  heavens  did  not 
neetd  the  proheble  errors  of  obserration,  this  system,  however  cotnpU- 
Ctted,  might  fairly  be  regarded  as  u.  teffitimate  representation  of  established 
ftets.  It  was  only  when  the  advanced  state  of  practical  astronomy  allowed 
Ok  repudiation  of  discordances  of  such  magnitude,  that  the  arbitrary  crea- 
tiouaof  the  huDiiui  mind,  and  the  immutable  law9  of  the  physical  uniTerse. 
Kghi  be  said  to  have  come  into  direct  collision.  The  triumphant  esta- 
Uiibtaent  of  the  true  srstetu  of  nature  by  the  immortal  Kepler,  led  to  the 
AQDplete  emajicip&tion  of  astronomical  science  from  the  thraldom  of  the 
Sebools,  and  its  subsequent  history  has  in  consequence  been  one  of  unin- 
tanupted  progress  down  to  the  present  day. 

Since  the  laws  which  regulate  the  movements  of  the  celesUol  bodies 
80o»tituie  the  principal  subjeist  of  research  in  the  study  of  ftstronoray,  it  b 
■Qioifest  that  the  establishment  of  a  series  of  facts  relating  to  their  apparent 
|>itiitioas,  forms  an  indispensable  preliminary  to  all  such  enquiries.  Accord- 
*iglj.  the  snn,  moon,  and  planets  have  in  all  ages  been  carefully  observed 
Kitn  this  olyect  in  view ;  and  all  the  resources  of  mechanical  skill,  as  well 
■  the  most  profound  investigations  of  physical  science,  have  been  applied 
omids  assuring  the  accuracy  of  the  results.  The  stais,  too,  have  been  ob- 
^efred  with  equal  core,  not  merely  on  their  own  account,  but  also  because 
key  form  Hxed  points,  to  which  the  positions  of  the  various  bodies  of  the 
•olar  system  may  be  on  all  occasions  referred. 

But  ilie  simple  determination  of  the  appareut  positions  of  the  celestial 
todies  does  not  suffice  to  produce  results  immediately  available  towards  the 
>afpo9es  of  astronomy.  Certain  inequalities  of  small,  but  variable  tnagni- 
Slide,  afiect  the  position  of  every  celestial  body,  the  values  of  which  must 
!ke  carefully  a^'ertoined  for  each  observation,  in  order  to  arrive  at  a  know^ 
i<dge  of  the  mean  position  of  the  body,  which  aloue  can  be  employed  in 
E^xrtning  the  basis  of  ulterior  research.  These  minute  displacements  arise 
Rrwa  the  combined  operation  of  various  distinct  principles,  the  investi- 
gKtion  of  the  laws  of  which  forms  one  of  the  most  important  departments 
of  totronomjcfll  science.  When  considered  with  resf»ect  to  their  origin, 
lief  admit  of  a  threefold  division.  In  the  first  place  there  are  inequali- 
ties which  depend  upon  the  principle  of  gravitiition;  such  are  the  pbeno- 
Oetiaof  Precession  and  Nuttttiun.  The  second  class  of  inequalities  includes 
tbcse  which  are  explicable  by  reference  to  the  properties  of  light :  such  are 
tlie  phenomena  of  Refraction  and  Aberration.  Lastly,  there  is  the  dia^ 
pl^cemeiit  occasioned  by  Pamllai- 

It  appears  from  the  foregoing  remarlis  that  every  celestial  body  is  sub- 
jEct  ta  an  apparent  displacement  arising  from  the  combined  iuiluence  of 
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iM  fflflthlct  ineqiiAlilic!?.  of  wliich  four  tlerive  tholr  origin  frotn  pbyi 
Qillied;^  'whil*',  oil  tlie  othL-rhaml.  the  fifth  depends  upon  considerfltioTW' 
■:  Jwrelj  raatLemalical  imture.  The  apparent  position  of  a  body  is  rt- 
dfKed  to  the  nienn  by  applying  to  it,  with  an  opposite  sign^  the  numerical 
value  of  each  inequality,  corresponding  to  the  time  of  obserrBtion.  A 
brief  account  of  the  researches  of  astrononjers  in  contiesion  Trith  each  of 
ihese  five  ineqaalities  or  eorr^i'iions,  m  they  are  technically  termed,  may. 
perhaps,  not  prove  uninteresting  to  the  readier.  This  will  be  best  effeeled 
hj  (d hiding  to  each  eorret'tion  according  to  the  order  of  its  discovery. 

Of  the  various  iuequalitieg  w}iidi  require  to  be  lakeo  into  account  to 
feduciug  the  apparent  position  of  a  heavenly  body  to  its  mean  position, 
the  one  which  ftrst  became  known  to  mankind  is  the  increase  of  longitude, 
arising  from  a  slow  regression  of  the  equinoctial  points  upon  the  plane  of 
the  eciiptie.  As  this  d.nn'5tnnt  shifting  of  the  intersection  of  the  ecliptic 
and  equator  causes  the  iinnual  arrival  of  the  sun  in  eitlier  of  the  equinoites 
to  be  a  little  earlier  than  it  would  otherwise  be,  it  haa  in  consequence  been 
denominated  "  the  Precession  of  the  Equinoxes."  Thei  discovery  of  thb 
apparent  movement  13  due  to  Hipparchus,  who  arrived  at  it  nlwui  the 
year  195,  a.  c,  by  a  comparison  of  his  own  ohserrationa  with  those  of 
Timocharis,  made  about  170  years  earlier.  Its  existence  was  after M'aidB 
eatahlisbed  beyond  doubt  by  Ptolemy,  between  whom  and  llipparthua 
there  elapsed  nji  interval  of  nearly  300  years.  It  lias  been  already  men- 
tioned  that  Copemieua  was  the  first  who  gave  the  tnie  e-tplanation  of  tbia 

Shenomenon.  The  discovery  of  its  physical  cause  by  Newton,  and  the 
jseatthes  nf  his  siiccesaors  on  its  laws,  have  also  been  briefly  noticed.  It 
only  remains  to  give  some  account  of  the  suocessive  determinations  of  ita 
quantitative  value  by  astmnomere. 

The  earltefjt  statement  of  the  value  of  procession  is  to  be  found  in  th« 
Syntaxis.  Ptoletuy  mentions,  in  the  Reventh  chapter  of  that  work,  tbat 
having  observed  several  bright  stars  in  the  zodiac,  he  found  that  while 
their  relative  positions  were  tlie  same  as  in  the  days  of  HippaiThus.  they 
had  all  increased  in  longitude  to  the  extent  of  'J"  40'  during  the  interval 
that  elapsed  l>etween  that  astronomer  and  himself.  He  beuce  inferred 
that  the  increase  of  longitude  amounted  to  1**  iu  100  yeai^,  which  implies 
an  annual  precession  of  313";  ho  moreover  stated  that  Hipparchus  b&d 
arrived  at  the  same  result.  This  wa?  a  very  erroneous  determination, 
foVi  aceonling  to  the  repcnrches  of  modern  astronomers,  the  nnntial  amount 
of  precession  is  a  little  in  ci^cess  of  50",  The  intert'al  between  Hip- 
parcbus  and  Ptolemy  comprehended  a  period  of  y07  years,  go  that  the  total 
iDcrease  of  longitude  must  in  reality  have  amounted  to  3°  37',  a  quantity 
greater  nearly  by  I'*  than  that  assigned  by  Ptolemy.  As  the  discordance 
eeeras  too  great  to  be  accounted  for  by  errors  of  observation,  except  by 
adopting  an  estravagjint  supposition  ^Hth  re.'ipect  to  their  probable  magni- 
tude, many  eminent  astronomers  ba^  come  lo  the  conclusion  that  Ptolcaiy 
made  no  observations  at  all ;  that  in  fact  his  catalogue  of  the  stars  is  no 
Otiier  thttti  the  catalogue  of  Hipparchus  reduced  to  the  epoch  of  1S7  a.0-»- 
by  increasing  all  the  longitudes  to  the  extent  of  2'*  40'.  trnfortunatdy 
there  are  circumstances  which  strongly  tend  to  justify  this  serious  charge..-' 
Delambre  compared  together  the  longitudes  of  Sm  stnrs  as  assigned  ^ 
Ptolemy  with  the  lougitudefl  of  the  same  stars  inserted  iu  Flams 
catalogue,  and  supposing  the  interval  between  these  two  astmoOBtiCTl 
comprehend  a  period  of  1553  years,  he  hence  deduced  5'2".4  for  the  ann 
ttalae  of  taeceaaion.    This  tieuli  exceeds  the  true  yalae  by  rather 
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than  4^;   bat  sncb   &  diseordnnee  viould   tircesaarily  etistte  if  Ptolerajr 
i«£ap]j  derived  bis  catalogue  from  that,  of  Hipparchtis,  since  in  reducing 
dw  longittidas  to  his  own  eporh  ho  supponed  the  quantit;?  of  preeeesion  to 
^c  Xf-rt  smalJ.     Tn  order  to  obtain  a  atrongcr  sssurance  on  this  point, 
'<re  diminished  Ptolemy's  longitudfs  of  the  same  stars  by  3   40', 
{^posing  the  results  to  be  the  longitudes  of  Hipparchus,  he  in- 
i  n  coQjpariaon   b€ti\'eeij   them  atia  Flamstead's  longitudes.     As- 
^.^.i.^y  tlje  i!rter\al  botween  Hipparchus  and  Flamstead  to  include  a 
period  of  I'^SO  rears,  he  now  obtained  50".  1 'J  for  the  resulting  talue  of 
precession,  a  quantity  agreeing  almost  exactly  with  the  modern  determina- 
tion.    Delambre  obtained  results  of  a  similar  nntiire  by  pursuing  the 
MOe  pnicess  with  respect  to  several  other  sets  of  stars  common  to  tho 
cttikguei  of  Ptolemy  and  Flamstead- 

The  Arabian  astronomers  generally  estimated  the  quantity  of  precessioti 
tl  V  in  tl<>  years.  I'his  gave  bi"  fur  the  annual  precession,  a  result  which 
fonned  a  much  closer  approximation  to  the  true  value  than  that  wbieh 
Plolrtoy  had  arrived  at. 

The  efforts  of  modem  astronotnera  have  been  cowslantly  directed 
tevanls  obtaining  a  more  accurate  Talue  of  this  element.  Tycho  BrahS 
fiird  tbeanniia.1  precession  at  51",  Flamstend  made  it  50",  Lfilande.  by 
cMBparing  tLe  longitude  of  Spiea  Vtrffjnlg  as  assigned  by  Hippapchus  mth. 
ttllBii^tade  deduced  from  observations  mnde  in  1750,  obtained  ftO",.';  fof 
tfw  reaulting  value  of  T>recession.  Belambre.  by  a  comparison  of  the  ob- 
iwrations  of  Bradley,  Mayer,  and  Lacaille  with  liia  own  observations,  waa 
fmloced  to  fix  the  annual  precesdon  at  fiiJ".!. 

As  the  theory  of  gravitation  began  to  acquire  a  more  complete  slate  of 

■i—i-pcment,  it  became  apparent  that  the  precession  of  the  equinoxes  is  a 

iienon  of  a  much  more  complicated  nature  than  it  had  hitherto  been 

"iijipoBed  to  be.     It  ha;*  been  already  mentioned,  that  the  action  of  (be 

^ets  on  the  earth  occasions  a  secular  displacement  of  the  terrestrial 

wiat,  in  virtue  of  which  the  eqniuoetinl  points  have  a  constant  tendency 

^sdrttnrt  with  a  very  slow  motion  upon  the  plane  of  the  ecliptic,  and  that 

firises  a  distinction  between  lunisolar  precession,  which  refcra  ei- 

Ir  to  the  action  of  the  sun  and  moon,  aud  general  precession,  which 

iiil  to  tlie  lunisolar  precession  diminished  by  the  small  effect  of  an 

r'  itc  nature,  ariaiug  from  planetary  perturbation.     Now  as  the  diplace- 

oittQt  of  the  terrestrial  equator,  by  constantly  altering  the  position  of  tho 

ttro  points,  to  virhii'h   the  celestial  bodies  are  referred  on  tho  ecliptic, 

ifceii  iheir  longitudes  but  not  their  latitudes ;  so  tho  displacement  of  the 

phM  of  the  ecliptic  affecUi  the  right  ascensions  of  all  tbe  celestial  bodies, 

Iwt  doe*  not  exercise  any  influence  upon  their  declinations.    It  is  manifest, 

ihercfore,  that  the  variation  of  the  right  aacensioti  of  a  star  is  an  effect  pro- 

Aned  priEcipally  by  the  action  of  the  sun  and  moon,  but  in  Kome  degree 

ilKbjr  the  action  of  the  planets;  whereas,  on  the  other  hand,  the  change  of 

lldiaaiion  depends  exclusively  upon  lunisolar  action.     Hence  by  com- 

fsmnjf  together  the  mean  right  ascensions  of  a  great  number  of  stars, 

1'  "ittermined  at  two  distant  epochs,  the  quantity  of  general  precession 

^my  bfl  ascertained,  and  by  institutiug  a  similar  comparison  with  respect 

"^  I  mean  declinations,  the  resulting  quantity  is  the  value  of  lunisolar  pre- 

CCision.     Both  the  rftjrcssion  of  the  equinoctial  points,  occasioned  by  the 

Ciom<»l  iBotioD  of  the  earth's  axis  and  the  progression  due  to  the  displace- 

BMnt  of  the  ecliptic  are  in  a  state  of  slow  variation,  and  consequently 

jjjgihcr  the  general  nor  the  lunisolar  precession  retains  iu  every  age  tha 
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saiDG  Talue.  The  researches  of  the  illustrious  Bess^l  led  tc  ft  moin 
rate  delermmfttion  of  the  constants  of  precession  ihati  anj  which  hail 
hitherto  arrived  at.  His  earliest  invesiigatioii,  which  obUuned  for 
the  prize  of  the  Eerlio  Acadonay.  appeared  ui  the  year  1815,  He  r« 
turned  to  the  suhject  oti  seveml  subsequent  occasions,  and  his  final  result^ 
are  contained  in  the  Tabular  Rigiomontant^,  which  was  published  iti  133Q| 
The  materials  of  his  researches  were  the  observations  of  Bradley,  whiol 
formed  the  moat  ancient  reliable  data  that  were  available  to  liim ;  ana 
those  of  Viazzi,  os  well  as  many  of  his  own  ohservationa,  with  which  h^ 
compared  the  deteiminations  of  the  English  astronouier.  The  Talud 
which  he  assigned  to  the  constants  of  Itmisolar  Bnd  general  preceesiod 
have,  until  very  recently,  been  universally  used  by  astronomers.  Thi^ 
annual  value  of  lunisolar  precession  at  the  beginning  of  ihe  year  175(1 
was  fixed  b?  him  at  5U".375 +  2,  and  the  annual  value  of  geneial  preoeaaioJ 
at6a",!ill29.  ^  1 

The  importance  of  an  accurate  knowledge  of  precession  ia  deteFmlniii| 
by  ohservalion  the  positions  of  the  celestial  bodies  has  been  the  mavij 
cause  of  those  repeated  investigatious  that  have  been  undertaken  by  astro- 
nomers in  modern  limes,  for  the  purpose  of  obtaining  further  correctionr  | 
of  the  constants  upon  which  its  annual  value  fjr  any  given  year,  wid  its 
total  magnitude  correspondiug  to  any  assigned  distance  fram  a  given  cpocl, 
depend.  The  truth  of  this  remark  will  appear  evident  frooi  a  consider*' 
tion  of  the  mode  by  whicli  the  absolute  position  of  a  celestial  body  i» 
usually  ascertained.  This  object  is  effected,  not  by  a  direct  process.  wbi«b 
would  be  generally  impracticflble,  but  by  determining  the  relative  positiodf 
of  the  body  with  respeei  to  certain  fnudamental  stars  whoso  absolute  p»i' 
tion  has  been  already  ascertained  with  great  care  at  some  anterior  epoch. 
Now  the  absolute  position  of  a  body  in  the  celestial  sphere  is  nsuallj  «' 
pressed  by  means  of  its  right  ascension  and  declination  ;  but,  as  both  the^ 
co-ordinates  have  reference  to  the  position  of  the  vernal  equinox,  thej  «* 
in  a  Btat©  of  continual  variation  from  the  effects  of  precession.  It  i« 
of  no  use,  therefore,  for  the  n-stronomer  to  be  scquaiuted  with  the  origJMl 
right  ascension  and  declination  of  the  star  with  which  he  compaiet  li* 
object  of  observation,  unless  he  possesses  a  sufficient  knowledge  of  the  a* 
tent  to  which  the  eijuinoctial  points  have  retreated  upon  the  ecliptic  during 
the  intermediate  period,  to  enable  him  to  compute  Uie  values  of  tlie  sans* 
co-ordinates  corresponding  to  the  time  of  observation. 

But  there  is  another  circumstance  which  in  recent  times  has  ren^J^i*'! 
an  accurate  knowledge  of  precession  indispensable.  The  researches  ibt 
have  been  prosecuted  in  the  present  day,  with  the  view  of  establishiug  ih* 
motion  of  the  solar  system  in  space,  have  suggested  the  necessity  of  as^'fr' 
taining  with  the  ntraost  precision  the  real  nature  of  those  secular  vjuift- 
tions  wliich  affect  the  apparent  positions  of  the  stars.  It  is  not  difficciU 
to  see  that  a  small  error  committed  in  the  determination  of  the  nunif* 
rical  values  of  the  couatants  of  precession,  would,  by  always  acting  intb* 
same  direction  on  the  position  of  a  star,  be  liable  to  become  confmmded 
with  the  proper  motion  of  the  star,  which  is  also  characterised  by  a  s\mt\*^ 
peculiarity.  The  elaborate  researches  of  the  Russian  astronomers,  MM* 
Petere  and  i>truve,  have  led  to  a  modification  of  Be^sers  constants  w 
precession,  which,  aUhough  verj'  slight,  may  not  improbably  exercise  •** 
important  injluence  on  the  delicate  investigations  of  sidereal  astronomy. 

Ptolemy  was  the  first  who  remarked  that  a  ray  of  light  proceeding  frffin 
a  star  to  the  earth  underwent  a  change  of  direction  in  passing  through  tfi* 
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•ItDOs^liere,  and  ilmi,  iu  t-Rnsequence  of  \he  deflection,  tlie  star  would  iip- 
^mr  10  lie  el(jvj»i(?d  abov0  its  tme  place.    He  further  assertt'd  tlmt  the  dis- 
fis<r«ineut  would  lie  1e«t3  according  as  the  altiiude  of  the  star  increased,  ond 
th&t  it  wutiid  vanish  altogether  when  the  star  was  iu  the  zenitli:  but  he  did 
ml  aii«>m]<t  to  deiermtne  itft  rnagiiitude  in  any  instance,  fiUhough  he  mado 
,pnn<»  pxcelteni  experiments  on  the  refrartive  powers  of  glasii  and  vvnter 
lliAKen,  the  Arahtan  astronomer,  rea'^oned  veiy  judiciously  on  the  same 
)"ject,  in  bis  "  Treatise  on  Twilight,''  and  Waltbcrus,  a  Oerinan  astru- 
JBef,  who  flouriiihed  towards  the  close  of  the  fifteenth  century,  nmde 
me  attempts  to  determine  the  magnitude  of  refmction  near  the  honzoti, 
rcbo  Brah*!?  was  the  tirst  a<itroiiomer  who  applied  refraction  os  a  correc- 
10  the  apparent  positions  of  the  celestiftl  bodies.     Having  found  that 
It  latitude  of  Uraiiibiirip;',  as  deduced  frntit  the  least  and  greatetJt.  akituden  of 
!ar  stars,  differed  to  the  ejftetit  of  4'  fi'oni  tlie  latitude  indicwted 
rvfttious  of  the  sun  at  the  solstit:es.  he  was  led  to  attribute  iho 
ce  to  the  elTet^t  of  refracLiou,  which  he  supposed  to  have  heen 
intlaeulitid  at  (he  winter  solslica  when  the  sun  attained  only  a 
»Wjrlow  altitude.    Pursuing  the  subject,  he  deduced  from  hta  obgervations 
•  lifale  of  rerrnetion^.  w)ucb,  alihough  by  no  tueans  remarkable  far  ac- 
racj,  possessed  the  meril  of  being  the  first  of  the  kind  that  had  been 
irstrat^ied  by  any  astronomer.     IJe  supposed  the  refraction  to  be  34'  at 
thf  horizon,  and  5"  at  45^  of  altitude.     His  views  of  the  nature  of  refrac- 
tion were  bj  no  means  so  accurate  as  those  of  Ptolemy  or  Alhazen,  with 
tbofie  *ork*i  on  the  subject  he  dofs  not  seetn  to  have  been  ai^nainted. 
''nder  au  impression  that  the  refrartion  tif  the  rays  of  light  proceeding 
fi*ta  a  heavenly  Itody,  was  orcasiowed  by  the  viipoui?  which  accumulate 
"eir  the  horizon,  he  asserted  that  it  did  not  extend  so  far  as  the  zenith. 
Hfl  also  supposed  that  the  refraction  of  the  stars  was  ditferent  from  thnt 
('tde  ftuu  or  any  of  the  planets;  and  that  while  in  the  former  ca«i.e  it 
■ined  at  "20^  of  ahitndts  in  tlie  latter  it  was  soosible  a»  far  as  4.i''.    These 
*^0QS,  ekhough  eri'oneous  in  an  extietne   degree,   did  not  admit  of 
^^fl  corrected  by  an  appeal  to  ob*:ervaiion,  on  account  of  the  imperfect: 
'  ■■'i'ta  of  practical  aatronoray. 

I.I  pier,  by  means  of  an  empirical  rale  of  his  own  invention,  cal- 
'■ukted  a  table  of  refrsctions.  which  was  fouud  to  be  considerably  more 
'^'•ranite  tluin  Tycho';*  table,  Delambre  bag  shown  that  for  all  zenith  di^- 
^Dces  less  than  70°  the  errors  do  not  surpas"^  0"  *. 

The  reseatvhefl  of  philosophers  on  tlie  sulyect  of  refraction  were  facili- 
^t«i  in  a  vrtst  de>jree  by  the  discover;"  of  Snelli  that  when  a  my  of  light 
rs  It  traiisprfreut  medium  the  sines  of  the  angles  of  incidence  and 
tiun  bear  a  constant  ratio  \»  eiicli  other.  By  means  of  this  principle 
ms  easy,  in  all  oa*»cs  of  a  ray  of  light  enteiing  a  homogeneous  medium, 
i  ^  ftScAftain  tho  *>nb8equcnt  direction  of  the  riiy.  wluitevcr  might  be  the 
■Stele  of  incidence,  when  the  direction  corresponding  to  any  given  angle 
^HB  once  determined  by  experiment.  The  first  tiieoiy  t^f  iititrouumical 
^Bbraction  is  due  to  CiuiS^ini.  He  supposed  the  atmosphere  to  posf^ess 
PVtttifufm  densUy,  and  to  extend  to  a  definite  height  aliove  the  surfjtcc  nf 
*be  eartJi.  According  to  this  hypothesis,  the  refraction  of  a  my  of  Itghli 
I  proGeeding  from  a  celestial  body,  takea  place  wViully  ut  iTft  enimnco  into 
Ibe  spherical  shell  of  air  whicli  encompaases  the  earth  ;  whence  it  follows 
^^j^^be  [lOth  yinr?iied  by  the  ray  in  ii>i  subsequent  passage  through  the 
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utmospUere  must  necessarily  be  a  atraight  line.  lu  ofder  to 
hypothesis  to  \he  caiculatbii  of  a  table  of  refrnctioug,  it  was  o 
Cassiai  to  determiua  tbe  height  of  the  homogeneoaa  atmo&pbeifie, 
refraction  corresponding  to  a  given  angle  of  incidence.  The  dat| 
he  used  for  tliia  jmrpose  were  the  observed  rafraclioiis  for  iwa 
i^enith  distances.  These  were,  the  horiztvntal  refraction,  which  h 
equal  to  32'  '20",  and  the  refraction  at  8(1°  of  zeuith  distance,  vih 
determined  to  he  5'  *28".  Being  now  in  possession  of  the  element| 
thcor>%  be  calculated  a  table  of  refractions  extending  from  the  hoi 
the  zenith.  Besides  this  table,  which  was  designed  to  represent 
fractions  in  fliimmer,  be  cakulat<ed  two  other  tables,  oae  of  'wl 
adapted  to  the  wint«^r  season,  ami  t)io  nthar  to  the  intermediate  b 
spring  and  autumn.  It  wa^t  found  Umt  by  estimating  the  solar  paif 
V,  agreeahty  to  Kepler,  the  triple  table  was  indispensable  when  tb4 
was  to  represent  tbe  observed  refmctiona  throughout  the  year.  C 
however,  was  induced  to  auspeot  from  observations  of  the  moon  « 
the  dichotomies,  that  the  solar  parallfUE  fell  considerably  short  of  1 
he  even  did  not  sci'upl©  to  assert  tlnit  in  point  of  fact  it  might  be  r| 
as  insensible.  By  adopting  this  f^uppodiition,  he  found  that  lb( 
which  he  had  calculated  for  summer,  was  likewise  applicable  to  th< 
aeaaons  of  the  year ;  hut  it  was  impossible  to  pronounce  with  ahsolu 
tainty  whether  his  view  of  tbe  subject  was  the  right  one  or  not 
table,  in  its  triple  form,  first  appeared  in  the  Solar  j&/'/t«»ifrtJ«i,pu] 
by  Malvaaia,  at  Bologna,  in  tlie  year  1Q6;2.  The  results  were  found 
present  the  observed  refractions  with  a  remarkable  degree  of  ao 
This  will  appear  somewhat  surprising  when  tbe  ciToueous  nature 
hypothesis  from  which  they  were  deduced  is  taken  into  account ;  f 
manifest  that,  so  hir  from  the  atmosphere  being  homogeneous,  the  i 
eivo  strata  of  air  increase  in  density  towards  the  surface  of  Lhe 
by  reason  of  the  pressure  of  the  superincumbent  strata,  and  tbe 
light  being  in  consequence  deflected  continually  from  a  rectilinear 
tion,  tlie  path  pursued  by  it  through  the  atmosphere  will,  in  realit 
curve  which  is  concave  with  respect  to  the  earth. 

Notwithstanding  the  (success  of  Casein i's  ntteinpt  t^  reprefte 
deraugeinents  in  tlie  apparent  positions  of  the  celestial  bodies, 
from  the  comiiined  influence  of  parallax  and  refraction,  it  was  btil 
ablo,  for  the  advancement  of  astronomical  science,  to  arrive  at  a 
knowledge  of  the  independent  eflfecls  of  each  of  these  two  element 
accompUsh  such  an  analysia,  however,  by  means  of  observations  n 
Paris,  was  found  to  he  impracticable,  in  conseciuence  of  tlie  refraci 
the  solstices  being  m  considerable  an  to  render  uncertain  any  conclusi 
TBSpect  to  the  effect  occasioned  by  pflmllax.     In  order  to  ohuun 
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ihe  tabic  of  refrsctions  for  sutnmer  as  trup  for  the  whole  year,  and  enni' 
municiited  iheiii  to  the  Academy  of  Siirjtjcts  an  tlie  d&fiutiiv©  result  of  his 
TB«iut;hes*.  Thia  tabic  was  inserted  in  tha  Cotttiaissftiice  des  Ttmpt, 
vA  coutiniied  faralong  time  to  be  published  animully  iu  that  Ephemeiis. 

It  appears  from  the  foregoing  arcounl  of  Casiiihi  s  res^ari'hea,  ilmt  the 
dkulaiiQD  of  a  triple  tal/b  of  refracricms  ndnjMed  to  the  different  seasons 
t£  ih«  jear»  was  forced  upon  hitn  by  the  erroneous  \-«Uie  of  the  solar 
pmllax,  f^enemlly  prevaleui  in  im  time,  and  tluit  the  adoption  of  his  o\vn 
lisws  wiih  retipect  to  the  value  of  that  element,  made  the  refnieiiuna 
invariable  thnmghout  the  year.      It  i^,  therefore,  iticonsi.Htent  \t^iih  llie 
fwts  of  the  e&&e,  to  assert,  an  some  wntero  have  done,  that  we  ovve  origin- 
tllf  la  CiltsstTii  the  remark  that  the  refractiutis  vary  with  the  beason  of 
the  year.     Ttie  liridt  !?uspiciou  of  this  fncL  is  uiuloubtedly  due  to  his  coutem 
|»rary.  Picard,     At  one  of  the  meetings  of  the  Academy  of  Sciences,  held 
m  IMO,  having  heen  inviied  to  state  the  ohjecLs  of  re^earth  which  ap- 
peared to  him  to  be  most  conducive  to  the  advtuineitieol  of  astronomicrt) 
wence,  he  suggested  the  desirableness  of  calciilaliTig  a  table  of  refrautions 
for  Parts,  adixpied  to  the  diflerent  seesons  of  the  yeitr,  and  even  according 
to  th«  different  changes  of  Uie  weuthtr.  njurkinjj!,  o»i  eiich  occasion,  the 
"indfi  and  (be  state  of  the  thennometer,  in  order  to  aBceriaiii  whether  the 
miationi  in  the  qnatitity  of  lefmotjuu  are  luit  ai^oompttnied  tiy  phenomena 
i&rding  unequivocal  indicAtiotis  of  their  exii^tetice  f.     Picard,  ou  a  future 
oecasioD,  gave  a  more  diitinet  explaiiatioD  of  hta  viewa  ou  the  subject, 
Having  found  from  observaljons  uf  tlie  suTi,  that  the  refrtictione  are  more 
iii«KCess  after  the  winter  aolHtice  than  before  it,  he  attributed  the  differ- 
Mee  to  the  greater  degree  of  cold  ^vhich  visually  prevails  in  the  more 
limnced  part  of  the  wiuitr  Boaaon-     TJpou  the  same  grouods  he  concluded 
tbit  the  refmctiout  diirin^  the  night  Hre  greater  thim  tho&e  which  take 
pkce  during  the  day  ].     These  views  must  be  regarded  as  highly  credit- 
tkla  to  the  sagacity  of  Picard,  especially  when  it  is  considered  that,  tcith  the 
ttoepiion  of  Newton,  no  other  p<'r^DU  appears  to  have  fonned  an  adequate 
MDraplioD  of  the  importance  of  taking  into  account  the  inlluence  u(  tempa*- 
llure  upon  refrtictian  until  towards  the  middle  of  the  eighteenth  century. 
The  subject  of  refiiiotion  is  too  flo&ely  connected  with  piiy^ical  aatro- 
tomy  not  to  have  occupii-d  the  attention  of  Newton.     In  the  fourteenth 
■edioci  of  the  tiriit  book  of  tlie  Pnncipia  he  has  shewn  that  when  a  ray  of 
light  enters  a  inuispflreut  medium,  the  aitmciion  of  the  taolecnleB  com- 
fofing   the  raftdiura  will  defied  it  from  its  origjnnl   dirtction,  and,  by 
Inppciding  them  to  »ct  uccordiug  to  a  given  law.  he  hus  deduced  the 
fimdiunental  theorein  nf  Btiell,  that  the  nines  of  the  angles  of  incidence 
refraction  bear  a  constant  ratio  tu  each  other.     In  hie  Tretitiso  on 
has  alluded  mure  particularly  to  nrmosjiherie  rtfractiun  §,  bitt 
rfiot  attempt  to  deterniine  the  nnionnt  of  dellccHoii  experienced 
cause  by  a  ray  of  light  proreeding  from  a  celestinl   budy  to 
it€»ci6  of  the  earth.     In  the  year  ITil  Halley  cominuninnted  to  the 
Society  a  table  of  refractions  ivbich    he  nsseried    to    have    been 
ilaled  by  Newion!|,      This  table   cxbibiu  the  refractionti  from  the 
10  !&'  of  apparent   altitude.     The  refraction  at  the  horizon  is 
■nigBflcl  eqiial  to  Bfi'  4o'";   the  refmctiou  at  4^''  atnounij^  to  54".    No 

*  Anc.  Mita  Acad.  Ack  Scieiicea.  tnmr  viii,,  p.  B\, 

t  HUH.irt-  Celeste,  p.  17-  i  iMil.,  p.  19. 
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ins  gii«ii  bf  SaSkef  «iA  i«peel  to  tbe  wsf  Id  wbich  the 

wm  eonaiTiicted.  «o  tbat  k  long  comiiiniwi  to  be  an  interesting 

ton  wiib  Mlwa«eri»  wliBClier  it  reated  •olelr  upon  obseirLiiuD. 

or  viietlier  it  «m  4aami  fKm  wae  ptrfskail  Aeovy  of  refraciion.    There 

«Ekl«d  indeed  itiiMig  rawa*  to  flospeet*  fi«a  Kenton's  mode  of  cooslde^ 

iag  le&acsian  m  a  vanit  af  if— immmI  ageocj,  tbat  the  talile  was  0(m> 

^foa  thewUied  pnadplcK.    This  has  been  establisbed  Iwyond 

doabt  in  reeeni  tijaes,  %  the  fMriilniion  of  fiaily  s  Life  of  FUmateAd, 

flriuch  cdnuitis  sdme   imeresiiag   |mt3CQ]«s  relAttve  to   Ne^rton's  i«- 

iMVcbes  ou  the  Lktort  of  aatronomical  wetnctimi*.      It  appears  fraoi 

>eeitain  correspondenee  between  Newton  asd  Flamsteftd,  published  b  that 

|«ork,  that  during  the  period  vhich  elapsed  between  October,  1694.  aod 

llfarcit,  1695,  Newtoa  iras  engaged  in  a  profound  invesugation  of  tho 

[sabiect  Tcfeired   to.    and   tbat  be   fiDaUj  transmitted   to    Flamstead  i 

I  table  of  refractions,  which,  there  is  eferj  reason  to  suppose,  vua  ideutioxi 

^  viih  the  one  subseqaenttj  comtQuoicated  hy  Haflej  to  the  Royal  Societj. 

1 A  abort  notice  of  this  correspondence,  the  publication  of  which  has  Lad 

the  effect  of  throwing  additional   lustre  aruand  the  genius  of  Keirton, 

alreadj  immortalised  bj  bo  manj  great   discoveries,  mar    perhaps  not 

profe  unintereiiting  to  the  rt^der« 

In  a  letter,  dated  October  11,  1004,  Ftamstead  points  out  to  N^vrton 
the  discordances  between  the  refractions  near  the  lioHzon,  us  nsst^ed  bf 
various  astronomers,  and  the  cj:>rre!'poni]ing  results  which  he  imd  deduced 
from  his  own  observations.    He  remarks,  also,  that,  at  th«  same  aliitmles, 
he  found  that  tbe  refractions  were  different  on  different  nights.     He  in- 
vites the  attention  of  Newtoo  to  the  suliject,  and  i"eqtiesis  that  he  will 
coramuuicaie  to  him  the  result  of  his  reflections  upt«n  it.     The  rejilyof 
Kew"t*ni  is  valuable,  itmsniucb  aa  it  shews  that  he  had  alreadj  formed  • 
true  conception  of  the  physical  principles  upon  which  atmospheric  refw- 
ticn  depeurla.     In  a  letter,  dated  October  24,  1C94,  he  thus  explaius  liis 
views  on  the  subject : — "  Ttie  reason  of  the  diflerent  refractions  near  ih« 
faonzon,  in  the  same  »lt)lude,  I  take  to  he  the  diiferent  heat  of  the  air  in 
the  lower  region.     For  when  the  air  is  rarefied  by  heat,  it  refracts  lew; 
when  condensed  hj  cold,  it  refracts  mors.     And  this  difference  mu&t  be 
moHt  sensible  when  ihe  rays  ran  along  in  the  lower  region  of  the  air  for  ■ 
great  many  miles  together;  because  'tis  this  region  only  which  is  rarcBM 
and  condensed  by  heat  and  cold ;  the  middle  and  upper  region  of  th*  air 
being  always  cfjld.     1  am  of  opinion  also,  that  the  refmctiou  in  all  greater 
altitudes  is  varied  a  little  by  the  different  weight  of  the  air  discovered  \>f 
the  baroscope.     For  when  the  air  is  heavier,  nnd  hy  consequence  denser, 
it  must  refract  something  more  than  when  'iiis  lighter  and  rarer,     1  could 
wish,  therefore,  thai  in  all  your  observations,  where  the  refraction  is  to  be 
allowed  for,  you  would  set  down  the  weight  of  the  baroscope  and  heat  of 
the  air,  that  the  variatiou  of  the  refraction  hy  ilie  weight  and  heat  of  the 
air  may  be  hereafter  allowed  for,  when  the  proportion  of  the  vorialioa  bj 
those  causes  shall  be  known. "| 

Fhirastcfid  was  unable  to  appreciate  the  importance  of  the  ssgadotu 
hintfi  thrown  out  by  his  illustrious  contemporary.  AlthoucFh  posseissing  toanj 
of  the  qualities  requisite  for  cuuatitiiting  an  accurate  observer  of  oelevlial 

*  Account  of  diG  Rev.  John  Flum^tead,  compiled  from  lib  own  maaiucripti 
other  authentic  docutnenti  never  before  pubJi&bed.    4id.  Loodoa,  1835. 
t  bid.,  p.  137, 


Bnft.  lie  wns  natTimlly  unfitted  for  tUe  Joftier  task  of  investigating 
VftridOs  pliTsinal  causes  upon  whose  combined  operation  they  depend. 
It  is  due  lo  him,  however,  to  state  tlmt,  in  the  present  iustatice,  he  doea 
not  appear  to  have  been  insensible  to  the  advantages  which  might  accrue 
to  astrnuotiLicnl  science  from  the  th^oreticul  researches  of  Newion,  although 
he  foiled  to  prolit  by  t}i«  counsel  of  that  philosopher,  m  so  fiir  as  his  own 
pnetice  as  an  observer  wus  concerned. 

The  subsequent  progress  of  Newton's  labours  on  the  subject  of  refmction 

h  cleftrlr  exhibited  in  his  letters  to  Flaiiistead.     It  haa  been  already  men- 

tknted  that  he  succeeded  in  explaining  the  refraction  of  a  ray  of  ligbt  by  the 

titraciion  of  the  trauspareiuniediura  into  which  it  eutera,     lo  the  present 

eue  Uie  raediucn  was  composed  ojf  an  infiuiie  iiumher  of  conceniiic  spherical 

Mnta  of  air,  increa-^ing  in  deniiity  towards  the  surfiice  of  the  earth ;  so 

ihftl.  in  point  of  fact,  it  was  neces-jirj'  to  inveatigate  the  effect,  prMuced  by 

tTi  infinite  number  of  inedin,  all  of  which  possessed  different  decrees  of 

refractive  power.     This  circumstance  rendered  the  problem  of  refraction 

Hilly  more  difficult  than  it  had  beeti  on  the  hypothesiisof  Cagsini ;  but  ou 

ibe  other  hand  it  was  manifest  that  the  condition  of  a  variable  dt-nsity  was 

tUt  which  accorded  with  the  actual  constitution  of  tlie  atmosphere.  Newton, 

kjft  happy  application  of  dynaniics  to  his  doctrine  of  refraction^ reduced  the 

problem  to  a  form  which  tended  greatly  to  facilitate  its  solution.     Aa  each 

Bwom  of  air  acted   uniformly  upon  the  incident  ray*,   the  resultant 

on  of  the  particles  was  a  force  directed  to  ibe  centre  of  the  earth, 

00  reason  could  be  assij^^ied  why  it  should  deviate  to  one  side  more 

to  another     Hence  the  investigation  of  the  path  pui-sued  by  the  ray 

of  hght  through  tlie  atinysphere,  was  brought  under  the  theory  of  central 

feces,  the  principles  of  which  Newton  had  already  fully  established  iu 

titB  first  book  of  tlje  Prinuipia.     One  of  the  conditiotiii  of  the  problem 

lis,  the    relation    between    the   density  of    tlie   air  and  its    refmctivo 

power:  another  of  equal  importance  was,  the  law  according  to  which  the 

Jensity  of  the  air  diminiahed  in  ascending  from  the  surface  of  the  earth. 

Sewtoa  rightly  supposed  the  refractive  power  of  the  air  to  be  proportional 

to  its  density.     The  ascertainment  of  the  /air  of  density  in  aacending 

froni  the  earth's  surface  was  attended  with  much  greater  difticulty,  Bince  it 

({impended  upon  a  knowledge  of  the  phyisicAl  constitution  of  the  atmosphere, 

.Vewton  commenced  his  researches  by  supposing  the  density  to  diminish 

by  «qual  degrees  with  equal  increments  of  altitude.     Upon  this  hypothesis 

lie  cnlcnlated  three  tables  of  refi'aciion,  one  for  winter,  another  for  summer, 

ftnd  a  third  for  the  intermediate  seasons  of  spring  and  autumn.     Thefse 

tii>le«  do  not,  by  any  means,  exhibit  a  satisfnctory  accordance  with  the 

corrdHpouding  results  indicated   by  ob.servfttion.     Newton,  in  fact,  soon 

iftenrards  discovered  that  the  law  of  density  upon  which  they  rested  was 

errooeoiis,  inasmuch  as  it  supposed  "  the  refracihip;  force  of  the  atmo- 

mkart  as  great  at  the  t<»p  as  at  the  l>otton)."f     He  accordingly  aban- 

WUd  j^  BS  nuuiifestly  at  variance  with  the  actual  gtatt^  of  nature,  and 

*  The  furc^  of  the  inolccalar  parlklri  ire  supposed  to  be  scnaiblc  only  it  intenfiibti; 

f  FUmulead'a  Life,  p.  147.  The  irurli  nf  ibis  remnrk  will  appear  from  the  followitiff 
eonaideraitnn.  Wlitn  a  ray  nf  light  pawe"!  from  one  ftratiim  nf  air  into  ,it>(il)ier,  it  I*  ai- 
irarted  in  nppo<itI«  directions  by  the  two  strata  with  forc-cs  prpporliiiflaJ  Ut  thctr  resperfive 
demitifa.  It  v  clear,  thert'tore,  that  the  whole  forpc  which  is  eflectiud  iti  re froeling  the 
nf  if  proportionBLt  to  llic  difTcrcDcu  of  di'tititict  of  the  slrjla-  Now.  according  to  'he  hy- 
potbca*  ptentioned  in  the  ip.\tj  ibis  different*  k  a,  c;un»tant  quniilii^'.  Hence  the  rc- 
■adhe  jofce  u  tho  conituit. 
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proceeded  to  the  cotiaiderntion  of  another  hypothesis^  founded  iip<jii  the 
constitution  of  the  atmosphere,  deaeriheti  Lj*  hioi  in  ihe  '2i2ad  propii^jhion 
of  ilie  second  Louk  of  the  Principia  In  this  pmposidon  the  deuailj 
of  the  air  is  supposed  to  he  proportional  to  the  pressure,  wnd  hiiice  i* 
reitdily  ih^dwceil  the  theorem,  that,  if  the  distances  from  the  centre  at  the 
earth  incfKase  in  rtrithmedi'sil  progrossion.  the  densities  of  the  corre*fjon4- 
ing  strain  of  air  will  diminish  in  geometrical  progression  *.  This  hypfitheiift 
is  morw  confunnalile  to  the  real  comtitutii)n  of  the  aimospbere  ihan  iW 
adopted  liy  Newion  in  the  Hrst  instiuice,  for  it  has  been  demonstrated  hj 
esperimetit.  tiiat  tiie  density  of  air  is  proportionftl  lo  the  <:oinpr«ising 
foite.  *^ii  the  other  hand  ii  is  to  ha  remarlied,  thiit  the  influence  of  tera^ 
pemiure  is  left  wholly  out  of  consideration,  Khhunj>h  it  is  mrtnifest  that 
the  superior  heat  of  the  lower  region-*  of  the  fttnKis|ihere,  l>y  i-Hr».-fyJog  the 
ftir.  {.t?ud-s  inevitably  to  derange  the  hiw  ol'  density  which  would  otherwise 
ejirtue.  U  may,  therefore,  esiBily  he  itmiyiupd  ihiit  the  new  hypothesis  di 
Newton  dij:i  not  yield  rr^^uhs  nmdi  more  sntidfiifiory  ihun  those  deritaN* 
from  the  orij^hinl  one.  lu  fiu;t,  he  found  tlmt  for  low  ftltiiudes  tlie  refnu!' 
timis  assi}?ned  hy  it  were  nil  hy  ffti-  too  ^reat.  Tlie  cause  of  thjs  Jis- 
cordflnce  did  not  fnil  socm  to  di^clojie  iiseif  to  hifl  peneiraliug  iniellect. 
'*  1  have  found,"  mys  he,  "  that  if  the  Lorizontjil  refraciioji  be  34*,  Uw 
refraction  in  the  apparent  altitude  of  3'  will  he  I U'  3";  and  if  the  refmcticm 
in  the  (n>pnrent  rdiitude  of  3°  be  14',  the  horizontal  refraction  will  te 
something  more  tluui  37'.  So  th»t,  instead  of  iucrea^tng  the  horison- 
t&l  refraction  hy  vajwurs,  we  must  iind  some  otiier  cause  to  decrease  It. 
And  I  cannot  thiuk  of  any  other  cause  hesidea  the  rsrcfsictloii  of  the  lowr 
region  of  the  atmosphere  hy  heat."  Havitig  ealculiUed  n  table  of  refmc- 
tious  npon  thi?*  hypotheals,  he  transmitted  a  copy  of  it  to  Fhimsteiid.  io- 
closed  in  a  letter  dated  March  15,  |H05.  The  letter  is  preserved  iu  lb* 
library  of  Corpus  Ghroti  College.  Oxford;  hut  the  table  of  refmclioiB 
which  accompanied  it  has  nowhere  heen  found. 

The  question  uaturafly  arises,  was  the  table  of  refractions  ^vliii'h  Kew* 
ton  transmitted  to  Fhimatead,  sitniltir  in  all  respecta  to  the  one  couimuni* 
cated  bv  Hulley  to  the  Royiil  Society?  In  order  lo  establish  thiH  point  in 
the  (ifftrmniive.  it  ia  neoessai^,  in  the  first  instance,  to  she^v  that  IxjA 
tables  were  calculated  upon  the  same  hypothesis  respecting  the  eonatitii' 
tion  of  the  atmosphere.  M.  Biot  wa?  the  first  who  proved  hy  strict  ctl* 
ctilation,  thftt  a  tfieory  of  atmospheric  refraction,  in  i^liich  the  deuMtiesof 
the  succesFiive  strata  of  air  are  sujiposed  to  be  proportional  to  the  pressum. 
ia  capable  of  fomitsbing  insults  identical  with  the  refracliong  contaiut'd  in 
Halley'a  tahle^-.  This  was  booh  aAerwards  demonsi rated  still  more  un* 
equivocttlly  by  Ivory  [,  It  appears,  therefore,  that  k>tU  ijiblers  in  f|[U«- 
tion  were  constructed  upon  the  Bame  principles,  The  sole  olyc«:t  that 
stilt  reuiflined  to  he  accomplished,  in  order  w  dispel  all  doubts  rcspectiofi 
their  comiuon  origin,  w&h  to  eBtabli(i.h  the  identity  of  I  heir  numericftl 
results.  This  has  beon  effected  by  the  aid  of  a  passage  of  Newton's  It  iter  V> 
riamatead,  wherein  he  mentions  that  if  the  refraction  at  3°  of  nltiiude  be 
13'  dO"  the  table  may  he  relied  u[>oii  as  exact  to  a  seeotid  for  at!  altiiudn 

*  Strictly  cpeakififf,  Ihe  th«orerri  i^qutrei  (hut  tlie  distaitwi  fmin  Ihe  eMiIre  Affix 
eartli  should  be  in  harmoiticat  proporitan :  but  tin  a<.^cnui]t  of  the  itnmeri»  taiigintatile  of 
the  terrestrial  nidiu»,  compared  ifilh  ibe  altitudc»  of  th(<  suceewive  ttriila  of  atr,  ihty  «aj, 
wilboul  «tiy  aeniible  enor.  Iri!  tuitcn  in  arlrhintlicol  progreffiion. 

t  ConnaiMapee  del  Tempa,  1839.     Addit.,  p,  l(b. 

t  Phil  Tfan*.,  1838.  \>.  l^% 
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10*,  Kow  it  appears  bj  lefereuce  to  HaJlej's  table  that  the  refmc- 
tion  at  3*  is  themo  also  equal  to  Ifl'  90",  The  coiiciueion,  lUereibre,  is 
MAvoidable,  that  the  refractions  I'ominuiiicaled  by  Newton  to  Flamstead 
Mid  Halley,  were  botli  copies  of  the  same  original  table,  and  that  the  latter 
iraa  calculated  upoa  the  bj'i>othe«ts  that  the  deDsities  of  the  Bucctssive 
strata  of  air  are  proportioHHi  to  the  pressures.  This  hypsthesU  necea- 
sftrily  implies  a  ariiform  temperature  of  the  atmpsphere. 

It  may  well  excite  surprise,  that,  after  Newton  had  established  a  theory 
;  of  refmctiou  wliicli  agreed  io  su  matiy  of  its  fmidameiit^d  principles  with  the 
•ctual  constitution  of  the  atmosphere,  utid  had  also  succeeded  iu  aci-umtely 
forking  oat  its  results,  he  declined,  iiotnithiitanding,  to  commuiiicate  an 
•cccniiil  of  his  researches  to  the  ^forld.    He  vma  probably  induced  to  adopt 
Jiufi  G!Oura«  from  a  consciousness  of  the  itiatleqnauy  of  hia  theory  to  feprc- 
'llbe  actual  refractJona  with  all  the  accuracy  demanded  by  the  existing 
of  pructical  astronomy.     We  have  seen  that  ho  did  not  fail  to  per- 
ihat  the  rarefactioti  of  the  air  in  the  lower  regions  of  the  atmosphere, 
cause  the  refmetioug  near  the  horiznn  to  be  in  reality  less  than 
tiioae  assigned  by  ihenry.    It  dues  not  appear,  however,  that  he  attempted 
to  correct  his  results  by  tjiking  into  conBideration  the  iailueuce  of  tempera- 
lure,     He,  doubtless,  ^tas  of  opinion  that  the  law  of  the  variation  of  this 
element  in  ascending  fa^m  the  surfuce  of  the  earth,  mis  too  imperfectly 
bown  to  justify  the  hope  of  ascertaining  its  effect  upon  refinactiou  by  a 
process  of  strict  calculation.     Indeed  it  may  he  asserted  that  the  question 
tith  respect  to  the  mean  influence  of  temperature  upon  the  constitution 
vf  the  almosphere.  has  proved  a  stucabling- block  to  every  astronomer  and 
ffiitUematieian  who  has  undertaken  to  investigate  the  laws  of  refraction, 
(torn  Newtons  time  down  to  the  present  day. 
Alihough  Cassiui"'*  table  of  refractions  was  generally  adopted  by  astro- 
^  on  account  of  its  satisfactory  agreement  with  the  results  of  obaer- 
;lk1mweU  koown  that  the  hypothesis  of  a  homogeneous  atmosphere, 
apon  which  it  rested,  did  not  truly*  represent  the  actual  state  of  nature. 
la  ITUtJ  La  Hire  attempted  to  determine  the  path  pursued  by  a  ray  of 
"  ght  through  the  atmosphere,  by  taking  into  account  the  variabfe  density 
the  air:   but  his   investigation   nut   beiug  grounded   u^xiu  occamte 
principles,  the  conclusion  at  ^^hich  he  arrived  was  necessarily 
)U3  *•     In  1711,  -T.  Cassitii  sought  to  effect  the  same  object  by  arbi- 
ily  assuming  several  curves  as  representatives  ol"  the  path  of  a  ray 
ight  through  the  atmosphere,  and  trying  ivbieli  of  them  agreed  best 
ith  the  observed  refractions.     He  found  that  by  supposing  tlie  path  of 
ray  to  be  circular,  the  refraetious  were  represented  better  than  by  his 
iber's  theory  f.     It  is  hardly  necessary  to  remarkj  that  a  problem  bo 
it«  as  that  of  atmospheric  refractiou,  does  not  admit  of  even  an 
imale  solution  by  a  process   so    purely  tentative   a-i   that  above 
ikid  At. 

The  first  investigation  of  the  problem  of  astronomical  refraction  upftn 
id  pbysii^l  principles^  or  at  any  rate  the  one  which  was  first  commu- 
nd  to  the  world,  i»  due  to  the  celebrated  mathematician.  Urooke 
r.  At  the  end  of  his  treatise,  ""  Methodua  iDcromentorum,"  pub- 
itj  1715.  he  employs  Newton's  doctrine  of  refraction,  as  expounded 
the  sixth  secliou  of  the  first  book  of  the  Fiiucipia.  to  investigate  the 
rre  described  by  a  my  of  light  in  its  passage  through  the  atmosphere. 


•  Mint.  Acad,  ties  Sci«aces,  1702:,  p.  18a 


+  Ibid.,  1714.  p.  33. 
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Asjiumiug  tbttt  the  refractive  power  of  tbe  air  is  proportional  to  its  deusilr, 
and  lliat  the  deosiiies  of  the  successive  slmta  of  air  are  proportional  to 
the  pressures,  lie  succeeded,  by  the  aid  of  mialvsis,  in  obiftining  a  rigorous 
Bolution  of  the  pioUem;  but  the  results  at  which  he  arrivt'd  were  iiot«x< 
hibited  in  a  form  that  was  commodious  for  cnlcwlatiug  a  table  of  refractiona. 
It  is  «  remftj'Uable  fjiol,  that  wliilo  Taylor  deduced  ihe  exprcssitin  for 
the  differentifll  of  rt^fraclioii  wiih  all  desirable  accuracy-,  he  stood  in  this 
respect  almost  alone,  until  Kratnp  published  his  researches  ud  refraciiiHj 
towards  the  Llose  of  the  Diflhlecnth  century*. 

In  1720  Bouguei'  investigated  the  theory  of  astronomical  refractiou  iu  a 
memoir  which  obtained  for  him  the  prize  of  the  Academy  of  Sciences  of 
that  year,  Instead  of  adopting  the  Newtonian  dc>cirine  of  refractioij,  k' 
imagitied  the  iiu-essftut  deflection  of  a  niy  of  light  proceeding  from  a 
celestial  botly  through  the  atmosphere,  to  be  occasioned  by  the  actiou  of 
a  substaiico  pervading  the  aerial  Jluid,  vdiich  he  termed  the  refraciiifC 
matter,  and  which  he  supposed  to  dilate  gradually  in  ascending  from  tlw 
iitirfiico  of  the  earth.  Assuming  a  certain  hy]K>thesis  with  resjiect  to  tJw 
dilatation  of  fbc  refractive  nialter,  he  deduced  a  theorem  for  compuUnp 
the  refraction  correspondnjg  to  any  nssignuble  altitude.  The  values  of 
the  constants  upon  wliicb  the  praelieal  application  of  this  theorem  rested, 
were  determined  by  meiinfi  of  two  obscned  refmciions.  These  were  tie 
horizontal  refnictjon,  which  he  fixed  at  !liJ',  and  the  refraction  at  2(4*  cf 
nl tit udi-'.  which  ho  naado  equal  to  ii'  J2''.  He  then  computed  a  table  uf 
j't^fractions  c?i.tending  from  tho  horizon  to  the  zenith,  which  was  found  to 
exhibit  a  tolerably  satisfactory  agreement  with  observation . 

In  1743  Thomas  Simpson  published  bis  *'  Mathematical  DissertatiiHa," 
which  contained  an  investigation  of  the  problem  of  astronomical  refraciidB. 
He  remarked  that  tlie  hypothesis  respecting  the  constitution  of  the  atmo- 
sphere which  ttssnmed  the  densities  of  the  successive  strata  of  air  to  h 
proportional  to  the  pressures,  was  manifestly  erroneous;  for  allhougb  it 
was  quite  true  in  the  case  of  a  uniform  distribution  of  heat,  it  was  inappli- 
cable to  the  actunl  state  of  nature,  in  consequence  of  the  air  in  the  upper 
regions  of  the  atmosphere  being  colder,  and  therefore  leas  clastic^  tbnw 
the  air  near  the  surface  of  the  earth.     Hence,  instead  of  supposing  ihe 
densities  of  the  successive  strata  of  air  to  diminish  in  geometrical  prctgiw 
sion,  which  ia  the  law  correspoiuling  to  a  uniform  tempemture,  he  sup- 
posed them  to  diminish  by  equal  degrees  as  the  altitude  above  the  earib's 
surface  increased,  or.  in  other  wurd$,  he  supposed  them  to  dimiuis-h  lu 
arithmetical  progres>^ion  relative  to  the  ahilude.    Assuming  the  Newtooitt 
doctrine  of  refraction  as  the  basis  of  his  investigation,  he  deduced  a  veij 
concise  theorem  for  calculating  the  refraction  corresponding  to  any  asbigneJ 
;^enitli  distance.     The  constants  involved  in  this  iheorem  were  d'etermint'd 
by  means  of  two  observed  lefractions,  for  which  he  was  indebted  to  Pt. 
Bevis,  tt  contempoiTir)''  astronomer.    These  were  the  horizonlal  refraction, 
which  was  valued  at  83',  and  the  refraction  at  3U"  of  altitude,  which  Mn& 


*  M.  Manlileu,  in  hit  mleresting  note  on  the  theory  nf  {utrounmicvl  F^fnctioti,  tiueited 
at  lUe  «n(]  of  Dclanibre'j  "  HiMirire  de  fAf^tronointe  au  Dixhuiiieme  Steele,"  hat  nmarW 
that  (he  t'Snrewion  for  I  be  dlfti^nutial  of  refraction  assigned  bj  Taykrr  is  not  rieomuilj 
true.  M.  I'lnna,  hovfever,  das  vpry  plainly  sIitH-n  ttiat  this  remark  i»  hot  ctirpprt^ "  " 
mjiie  trreeoncilablc  m\U  llie  procun^  of  invesligalion,  as  well  a*  the  numcrioil  _ 
Taylor.  {Mem.  Acad.  Tur.^  vol.  ssxii,,  i»,  61.)  M.  Malthieu's  mistake  •rcno  from 
ing  too  literal  i  lifntfication  1o  a  verbal  cspreuion  employed  by  (he  Engluh  matbcnK 
ticttn. 


tal  1'  3'0"-5.  By  ihe  aid  of  these  <Iala  Simpson  cfiii:iilalt?d  a  lable  of 
tions,  which  wus  fuuiiJ  lo  agree  sufijcit-iitly  wt-ll,  uuder  certain 
niCrieiiums,  wjih  the  re&ults  of  ob&ervatiou  in  all  those  caries  whereiu 
the  Altitude  was  condderable.  Another  table  wsnti  n^kiilstcid  hj  bim, 
is  wliieh  the  fundamental  lefraetions  were  soniewbHt  larger  than  those 
ikive  stated.  This  modificatsoH  of  the  origiiuil  table  Wiis  intended  to 
meel  the  case  of  a  low  terapefature  of  the  atiDosphere.  M.  Matthieu  was 
the  first  who  shewed  tbat  Simpson's  theorem  is  in  poiot  of  fact  identical 
■ith  the  one  which  Bouguer  had  deduced  a  few  yaav^  previously,  by 
me&us  of  an  iiiTestigiitian  founded  on  a  totally  different  conception  of  the 
Dttare  of  refraction. 

While  xuathemaliciQus  were  engaged  in  resenrches  on  the  theory  of 
st8M»pl>eric  refraction,  Dstronnniers  were  endeavouring,  by  the  aid  of  ob- 
ttrtttion,  to  calculate  tableis  which  should  be  capable  of  a^^isigning  the 
oagDitude  of  refraction  at  any  altitude  above  the  horizon.  It  was  long. 
Iwwieter,  before  they  perceived  the  necessity  of  taking  into  account  the 
corrections  depending  upon  the  ^ariutious  of  the  pressure  and  tempemture 
*f  llie  air.  Halley  wa&  the  first  who  remarked  that  the  quantify  of  refrac- 
lion  must  uecessarily  vitiy  with  the  wtiglit  of  the  aimosiphere.  In  1720 
Iw  rnd  before  the  lloyal  Society  a  papter  re  hi  ting  to  J,  Casaini'i)  researches 
MB  yJUe  parallax  of  Sirius,  wherein  he  asserted  that  HauU^bee  having 
lemon&trated  by  experiment  that  the  refractive  power  of  the  air  ii*  propor- 
tknud  lo  itji  density,  it  followt^d  that  if  the  barometer  were  supposed  to 
liiy  from  "iS  to  SO  inches,  or  one-fifteenth  part,  the  quantity  of  refraction 
tS  erery  altitude  would  undergo  an  equal  degree  of  variation,  and  hence 
be  inferred  that  the  refraction  of  Sirius,  which  was  V  55'',  might  fluctuate 
!R>m  this  cause  to  the  extent  of  7"  or  8"  s--.  Wo  have  alreatij  seen  that 
Ftcard  found  reason  to  suspect  ttiat  the  refrnctions  were  aifected  by  the 
tiHalions  of  temperature.  La  Hire  denied  (hnt  observation  iifforded  any 
woof  of  the  refractions  being  liable  to  tluctunte  from  bucli  a  cause,  Xo 
■Btber  notice  of  the  fanbject  appeui's  to  have  been  taken  by  any  astro- 
•Mnef  until  Le  JVtonnier  directed  attention  to  it  on  the  occatiion  of  his 
poblicatiun  of  the  Histoire  CeU'stt\  in  the  year  1711.  In  the  introduction 
to  that  work  he  nsserted  thiit  tbe  variations  in  the  teraperttture  of  the 
tUaotpbcre  exercised  n  i^en^ible  influence  on  the  rt- fraction!;  of  the  celestial 
Miee,  From  a  great  nurnber  of  observations  of  circumpolar  slars,  made 
l»y  biui  during  tlie  greutefit  heat  of  summer  and  the  most  inten5>e  cold 
(tinnier,  he  inferred  that,  at  4"  41'  of  nltiiude,  the  variuiion  of  refraction 
mi*  2',  corresponding  to  a  vRriation  of  the  thermoroeier  amounting  \o  JlC. 

The  three  celebrated  astronotuers,  Bradley,  Lacaille,  and  Maver,  whose 
Uitours^  iu  so  many  respects,  form  the  commejicement  of  a  new  era  in  the 
liistory  of  astronotnyt  simultaneously  introduced  the  practice  of  applying 
lo  a  mean  table  of  refractions,  the  corrections  depending  upon  the  daily 
fincuiations  of  the  barometer  and  thermometer.  From  observations  ol  ihe 
least  and  greatest  altitudes  of  circumpolar  stars,  and  of  the  altitude  of  the 
ton  tt  the  equinoxes,  Bradley  deduced  a  theorem  of  great  simplicity  and 
tlegmnce  for  computing  the  mean  quantity  of  refraction  corresponding  to 
IDJ  given  altitude.  Tho  variable  effect  depending  oti  the  pressure  of  the 
•tinosphere  offered  no  diilQculiy,  being  simply  proportional  to  the  oscilla- 
tioua  of  the  barometer.  The  correction  for  the  vu  rial  ion  of  temperature 
■u  A  delicate  point  of  investigation.     By  instituting  a  careful  comparison 
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between  the  actual  refractions,  as  determined  at  ihe  extreme  degree*  of 
heat  ftiid  cold  througlioitt  ilie  yoar,  Bradley  deduced  a  mlo  for  toai- 
pming  its  values,  wliieli  wh**  found  lo  present  a  remarkable  agreeoteut 
with  the  results  of  oliservatioti.  The  application  of  the  corret'tiotis  for 
predsure  and  tempemture  to  tho  theorem  for  computing  th«  mean  refrac> 
ttarjs,  furnished  hiin  with  a  general  rule  for  computing  the  quantity  of 
refrttciiun,  corresponding  to  any  Kp[iarent  altitude,  and  under  everr  condi- 
tion of  the  atmosphere,  with  respect  to  pressure  and  temperature.  The 
refraction  at  45^  ivhf;ii  the  barometer  stood  at  '^IKO  iiichea,  and  the 
thermometer  at  5(V  Fahrenheit,  was  fixed  l»y  him  at  6G",H,  The  pfeaeril 
rule  assigned  by  him  wna  found  ta  give  results  of  reniarkahle  iiccuracir. 
as  far  as  B\J°  of  zenith  distance,  and  until  about  the  beginnijig  of  ilie 
present  centuiy  it  was  almost  uni versa] ly  used  in  the  coroputaliou  of 
astronomical  refractioiie. 

Mayer's  formula  for  refraction  appeared  in  a  posthumous  work,  ranlalfi- 
iug  his  solar  mid  lutmr  tables,  whit^h  wag  puidished  at  I^oudon  iu  tht 
year  1770*.  The  main  peculiarity  of  this  formula  was  the  thennomeirie 
correction,  which,  although  somewhat  difFerent  from  Bradley's,  wtis  fuuiid 
to  represent  the  eftecw  produced  by  the  variations  of  lemperature  with 
very  great  accuracy.  Lacaille's  researches  on  refraction  were  founded  oa 
m,  comparison  of  a  great  number  of  observations  made  by  him  at  ihe 
Uape  of  GcM)d  Hope  mth  corresponding  observations  made  at  Paris.  Br 
a  comprehensive  and  skilful  discussion  of  these  observations  ho  suc«e«dM 
in  forming  a  table  of  refractions  extending  from  the  zenith  to  a  disumci 
of  0°  from  the  horizon.  He  made  tho  refmclion  at  45**  equal  to  CC.S,  tho 
baromelef  being  5up{>osed  to  stand  at  38  French  inches,  nnd  tho  ihertno 
meter  at  10"  Reaumur,  This  determination  was  manifestly  too  great  bj 
tS"  or  7",  a  circumstance  which  aeemed  inexplicable  when  tho  ackaow 
ledged  accnmcy  of  Lacaille,  as  an  observer,  was  taken  ifito  accoiuit 
Maskelyne  was  the  first  who  traced  the  error  lo  its  true  sonme.  namrljf, 
to  a  defect  in  the  tnatrtiment  of  Lacaille  f.  Delambre,  by  various  calculi- 
tiona,  has  fully  verilied  the  assertion  of  the  English  astronomer;. 

The  theorv  of  astronomical  refraction  continued  throughout  the  whoU 
of  the  eighteenth  century  to  esercise  the  talents  of  the  most  eoiincui 
geometers  of  Enrupe.  Its  slow  improvement  is  mainlj  attributable  m 
the  imperfect  knowledge  that  prevailed  respecting  the  acinal  constitution  of 
the  atmosphere.  In  17110,  Kramp,  a  t"rerinan  mathematician,  published* 
work  containing  a  more  complete  investigation  of  the  subject  than  wij 
which  had  hitherto  appeared.  It  had  been  already  ascertained  that,  ex- 
cept for  low  altitudes,  there  were  several  hypotheses  respecting  the  1»* 
of  the  density  of  the  air  that  were  capiiblo  of  representing  the  obsenrwl 
refraciious  ivith  almost  the  snme  degree  of  accuracy^  provided  the  TaJuMlfa 
the  constants  were  determined  with  sufficient  precision.  Kramp  ^^^| 
menced  his  researches  by  supposing  that  the  densities  of  the  succtafl^^ 
strata  of  air  diminish  iu  tlie  same  ratio  with  the  pressures,  an  hypotbe«is 
which  implied  that  t!ie  temperature  of  the  air  is  uniform.  By  a  rignroQi 
andlj'sis  lie  deilnrml  an  oxpre^^sion  for  refraction  iovohing  tw-ij  constants. 
the  values  of  which  It  wus  possible  to  determine  without  Imvioi;*  reootir&eto 
astronomical  observation.  These  were  the  refractive  power  of  the  ftir,  tnd 
its  density  at  the  surface  of  the  earth  corresponding  to  a  gtvon  heighior  tho 

*  Tubule  Mutuum  SuLi:.  et  Lune.     Loud.,  1770, 

t  Pliil.  Tranii,,  1787,  j>.  17a 

^  Hint,  As«.  Qu  Di^htiilieine  Si^cle,  j»p.  48j-S9. 


bifOBetei'.  We  bave  secu  thnt  Cassini,  Bouguer.  and  Simpson  8Liec»ed«d 
IE  d«i*rBiiining  ihe  elements  of  their  respeciive  theories,  onlv  by  means  of 
l«o  observed  refraciions  of  ji  eelestial  liody.  Kramp  imagined  that  the 
foriQulA  ho  had  deduced  from  the  bypothesis  of  a  uniform  temperature 
woold  serve  to  represent  ibe  observed  refractions  as  far  as  81"  of  nenith 
dtlUobe.  This,  however,  wm  a«rarding  to  it  a  greater  degree  of  flccuraey 
thiQ  it  wms  r«vlly  euiitled  to.  For  the  refractions  near  the  hariKon  he 
idftpted  ft  more  eomprehensive  view  of  the  subject,  by  taking  into  account 
the  influence  of  temperature  iu  mndifying  the  law  of  the  density  of  the 
lir. 

The  illustrious  liiplaM  was  the  neit  person  who  contributed  by  hia 
Idboors  CO  the  improvement  of  the  theory  of  astronomical  refraction.  By 
fmtidDg  a  method  of  tuvesligatiou  founded  upon  the  omission  of  tttnall 
^iianritjrs,  the  inHneuce  of  which,  under  certain  conditions,  would  be 
i!»»tt«ik.le,  he  deduced  a  formula  for  refniftion,  which  possessed  ihp  ndvan- 
lige  of  being  indepeudeiil  of  any  hypothesis  respecting  the  coustitution  of 
(be  atmoflphere.  The  cmiatants  were  the  same  as  thoiie  M'bich  Kramp 
kfei  introduced  into  Uia  results.  The  tniporlance  of  ¥^nch  a  formula  as 
ftit  dtsooifered  by  Laplace  mnst  bo  very  obvious,  when  the  dillicuby  uf 
Ooertainiug  the  law  of  the  density  of  the  atmosphere  b  taken  into  con- 
liienUion.  It  is  but  just,  however,  to  BtAte  that  the  illnstrioua  geometer 
»ferred  to  was  anticipated  on  lliia  ocojiaiou  by  Oriuui,  who  had  been  con- 
dactcd,  by  ati  investigation  of  the  subject,  to  a  similar  result  several 
jBftTS  previous  to  the  publictttion  of  the  Mfcaniqite  Crtttjste*. 

Idiplnce  found,  by  strict  iuveatigation,  that  no  appreciaide  error  would 
to  entailed  on  the  fitial  results  by  the  peculiar  mode  of  procedure  which 
hu  employed  in  de^ludng  the  above-mentioned  formula,  so  long  »ls  the  zenith 
distance  did  not  exceed  74*.  The  inveHtigntion  of  the  law  v{  rcfmction 
Unrards  the  horizon  nas  attended  with  extreme  difiiculty^  since  it  dc" 
tended  upon  the  peeuHar  confttiiution  of  the  ntmospbere,  which  in  a  great, 
Wgiec  wua  unknown,  on  account  of  the  uncerttdnty  thot  prevailed  respect- 
itig  the  precipe  influence  of  temperature.  Having  remarked  that  an 
itmospbere  whose  denaity  dintinislied  iu  georaetj-ical  pnigression  made 
the  refractions  towards  the  horizon  too  great,  while,  on  the  othtr  hand. 
vae  whose  density  dimini<^hed  in  arithmetical  progression  made  the  f^ame 
refraetiuns  too  small.  Ldplnce  was  led  to  believe  that  an  hypothesis  which 
ihould  combine  both  In^s  of  progression  would  probably  afford  an  accurate 
leproeentation  of  the  true  constitution  of  the  atmosphere.  Pursuing  thijs 
idiM  be  investigated  tbe  law  of  refracti^jn  for  low  altitudes,  and  deduced  a 
fomitiTA  which  he  adapted  ao  as  to  represent  the  observed  refrat'tiou  at  the 
hofi>!nn,  By  means  of  this  formula,  which  was  deaigned  to  represent  the 
'  ""ttis  of  all  zenith  distances  greater  than  ti"*,  and  tlje  formula 
.  referred  to.  wbicli  was  Hp[)licable  to  the  remaining  part  of  the 
ijuadnknt,  n  table  of  refractions  \\\i<i  calculated  under  the  bupcrintendenoe 
of  the  French  Burtan  dei  Lntiifitfulfs,  and  was  lirst  published  in  the  year 
|]lHl6.     The  refractive  power  of  the  air  was  determined  astronomically, 

*  The  mrettijratiiin  alliuieit  to  i»  the  (eti,  according  to  PUna,  appcurpd!  m  the  Milan 
Bpkmteria  far  t7H8.  (Mint.  Acad.  Tur,,  lome  iivti.)  Otiaai'i  remu-kt  upon  lli«  ex- 
Bfwwuo  deduced  by  him  ore  very  clear  in  rsrerence  ta  the  question  of  iU  penemliij. 
Th«  foUnwins  are  ah  wonK  a»  eiccd  by  tine  philoanpher  jutt  mu'Tttioned:-'''  Qu«  ex- 
i  BulU  pfTidet  hyptitheai,  rcL  cbi^-a  ulorU  legem  tn  atii]o«pbcji«  vel  circa  leris 
in  varijs  a  teiluri*  *uperfJdc  dbtntitiis," 
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and  also  hy  direct  expcjiments  with  the  prism ►  Delanabrc,  by  fi  dis- 
cussion founded  upon  a  great  number  of  Pinzzi's  obsfrTations  of  circura- 
polar  stars.  atJii  also  sfvei"al  hundreds  of  bis  own  obsfiTRlions  of  ibe  sun, 
deterraiued  Uie  refraction  at  45°  of  altitude  to  be  equal  to  5"".58.  ihe 
barometer  being  supposed  to  stand  at  29.6  inches,  and  the  ihennotnetjer 
at  50'  Fahrenheit.  MM.  Ara«o  find  Biot,  hy  means  of  esperiroenla  wiih 
the  prism,  obtained  a  result  indicating  that,  at  the  same  altitude,  tni 
under  the  snme  conditions  of  temperature  and  prebsure,  ibe  reflection 
of  tho  atmosphcio  v^m  equal  to  5 7". 05.  The  agreement,  of  this  qujuititj 
with  that  found  by  Delatnbre  xxmut  bo  regarded  as  vary  satji^facioty, 
eapecifllly  when  the  widely  different  nature  of  the  methods  employed  in 
determiaing  ibein  isi  tnlten  into  account- 

The  tiible  of  refmclioiia.  culfylated  upon  the  basis  of  Laplace's  formtik 
was  found  to  represent  tlje  ob>erved  refractions  better  than  any  other  that 
had  been  hitherto  u^ed  by  aatrouomera.  It  hag  since  been  publiahed 
anuuiilly  in  the  C'ojnta instinct;  des  Tmnps,  and  has  always  been  btdd  in 
great  esteem  for  its  accurncr.  From  the  zenith  to  a  distance  of  8U  ih« 
results  agree  with  the  observed  refractions  to  within  1",  For  lower 
altitudes  they  exliibii  a  small  error  in  exi^ess,  which  increases  eoDtinu*Hy 
towards  the  horizon*.  In  the  Conrminsancc  dfis  Temps  for  1851,  3kl. 
Cull  let  ha^  ctikmlated  the  table  anew  upon  the  same  basi^,  the  results 
being  worked  out  to  a  greater  degree  of  accuracy,  so  as  to  adapt  them  to 
the  present  advanced  state  of  astronomical  science. 

From  the  relation  between  the  density  and  pressure  of  the  atmosphere, 
assigned  by  bis  theory,  Laplace  deduced  the  lavv  of  the  diminution  of 
temperature  in  ftscending  from  the  surface  of  the  earth,  lie  endeairourwl 
to  verify  iii^  tbeorj-  in  this  respect  by  comparing  it  with  a  thermomelric 
experiment  made  hy  Gay  Lussac  at  an  idtitude  of  0U!;*(7  mMres  alwve  tlie 
level  of  tlie  Seine,  on  the  occasion  of  hia  famou^i  a.scent  from  Pwis  iiit 
balloon.  The  result  of  this  comparison  was  considered  by  Laplace  lo 
niTord  a  satisfactory  coniirmalion  of  hia  theory,  for  a  near  agreement  be- 
tween the  actual  and  calculated  tem[ieraturea  could  not  he  expecttfd  to 
take  place,  on  nceoont  of  tho  oscillations  that  incessantly  occur  ia  tlie 
atinoRpbertv  It  must  be  admitted,  however,  that  in  the  present  instance 
tlie  represtintalion  of  the  actual  constitution  of  the  atmosiphere  was  far  Ic» 
satisfactory  than  in  the  case  of  the  refractions,  even  after  assigning  their 
due  weight  to  such  teraponiry  cfinses  of  discordance +. 

In  1814.  Dr.  Drinkley  communicated  to  the  Royal  Irisli  Academjn 
papyr  on  tlie  theory  of  astronomical  refraction.  Assuming,  »is  facta  esU- 
bliahed  by  experiment,  that  the  sines  of  the  angles  of  incidence  and  n- 
fraction  bear  a  constant  ratio  Id  each  other  when  the  media  remain  ibfi 
same,  and  that  for  media  of  different  densities  the  refractive  power  b  ptO' 
portiooal  to  the  dentiity,  he  deduced  the  forniuhu  for  refraction  coiTeapoud* 
ing  to  various  hypotheses  respecting  the  con^ititution  of  the  atmosphere, 
without  having  recoui'se  to  the  Newiunian  doctrine  relative  lo  the  attraction 
of  particles  at  insensible  distancea.  From  &25  of  his  own  observation*  vi 
circumpolar  stars,  lie  determined  the  refraction  at  45°  to  be  57".iiJ.  the 
barometer  slanditig  at  ^0.0  inches,  and  the  thermometer  at  50''  Fahren- 
heit. Tables  were  given  by  him  in  the  same  paper  lo  facilitate  the  calcu- 
lation of  refmciions  \, 

•   Phil.  Trans..  1838,  p.  186.  +  See  Mfe.  C6J„  toroe  iv.,  p.  iJtta. 

i  Trana.  Roy.  Iriati  AcaJ.,  vut  xli.,  p.  77,  «t  seq. 
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Id  18'33  the  late  l^lr.  Ivory  comrtiunicated  to  the  Eoyal  Society  an  ira- 

poitant  paper  coutajning  an    arcnunt  of  hh  researcliea  on  tJie  theory  of 

Mtronomical  refrdction  *.     Its  chief  peculiarity  consii>teJ  in  iJae  mode  in 

whicb.  ihe  influence  of  lemperature  was  considered.     Laplace,  as  we  have 

*Mn,  did  not  introduce  this  element  explicitly  into  hi3  researches.     He 

merely  a's&nimed  an  hypolhesis  respecting  the  constitution  of  the  atmo- 

sptiere,  which  he  conceived  tvotild  be  aHequnte  to  account  for  the  effects 

depeodiug  upon  the   corobiued    varintiuns  of  tfmpei'ature  and    pressure 

in  taeenfring  from  the  surface  of  the  earth.     But  although  the  results 

alcalated  on  tliis  hypothesis  exhibited  a  remarkable  accovdanre  with  ob- 

Mpmiioti.  in  &()  far  as  regards  the  refractions  of  the  cele^ttul  bodies,  still 

it  WQB  desifuble  la  at  lain  the  same  degree  of  accuracy  by  tueans  of  a 

theory  hi  vfhich  the  temperature  of  the  air  appeared  in  an  explicit  form  as 

of  the  fundamental  ekments  upon  which  the  ultimate  results  were 

In  the  outset  of  his  researches  Mr.  Ivory  supposed  the  tempem- 

Ixjre  of  the  air  to  diminish  at  a  uniform   nite  corresponding  to  equal 

iacrements  of  altitude.     In  order  to  ealculato  the  refiaciions  upon  this 

.hypothesis,  it  iras  necessary  to  ascertain  the  actual  diminution  of  tempera' 

tine  corressponding  to  a  given  elevation  above  the  surface  of  the  earth, 

Mr.  Ivory  determined  the  value  of  ibis  element  by  a  comparison  of 

slkeitDOinetric  experiments   made  at  various   altitudes  by  Gay  Lussac. 

[fiuilOBd.  and  Humboldt.     The  resulting  refractions  agreed  ver)'  well  with 

ihe  correspondiiig  quautitiea  deduced  from  observation  ;  but  as  the  hypo- 

thaus   ufNrtn   which   they  rested,  assigned  to   the   atmosphere  a  height 

mtsidieriibly  less  than  was  otherwise  probable.  Mr.  Ivoiy  rejected  it,  and 

'dopted  another  founded  upon  a  somewhat  diflTereut  kw  of  temperature, 

\k6  accuracy  of  which  he  verified  by  shewing  il*  agreement  with  the  actual 

■smperature  and  pressure  of  the  air  as  deduced  from  experiments  made  at 

»«rious  altitudes  above  the  level  of  the  sea.     The  initinl   rate  of  the 

diminution  of  terapemtiire.  being  a  fact  established  by  experiment,  was 

beceesarily  the  same  in  this  as  in  the  previous  hypothesia.    Mr.  Ivory 

IitrlDg  deduced  the   results  of  his   theory  by  a  process  in  which  hia 

tnathcmntical  genius  is  strikingly  conspicuous,  emploved  them  in  calcu- 

bling  a  new  mble  of  refmctiuus.     The  elements  were  identical  with  those 

of  ihe  French  tables,  except  that  the  con-atant  representing  the  initial  rato 

of  the   diminution  of    temperature  was  used   instead  of  the  horizontal 

lefraciion.    The  resulting  refraciious  wore  found  to  agree  with  observation 

IS  nearly  as  any  that  had  been  hitherto  calculated. 

Mr.  ivory's  theory  of  refmction  possessed  the  advantnge  of  being 
foQoded  upon  elements,  the  values  of  which  it  vvas  possible  to  ascertain 
rithout  having  recourse  to  astrouomiea!  observation.  It  was  also  found  to 
present  a  closer,  as  well  aa  a  more  general,  agreement  with  the  actual 
iimination  of  tempemture  in  ascend iiig  from  the  surface  of  the  earth  liinn 
my  previous  theory  had  done,  iloreover,  the  resuUs  were  obtained  by 
employitig  au  ejcpression  for  the  variation  of  the  density  of  the  atmns[iher« 
that  was  chat^cterised  by  an  extreme  degree  of  sifnplicity.  M.  Plana  ia 
inclined  to  dowbt  whether  any  new  theory  of  refraction,  whatever  peculiar 
idfiaitHge%  it  mar  seem  to  hold  forth,  will  be  fountl  wltich  shall  he  capiible 
ofAwigriiug  results  of  the  same  degree  of  accuracy  hy  means  of  an  equfdly 
limple  law  of  density  |.  The  same  distinguished  philosopher  has  shewn  that 


*  Phil.  Tntis.,  1823,  p,  409,  e(  svt\. 
le(D.  Adftd.  Tur..  \o\,  xxxi)..  p.  17: 
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by  appljiDg  Ivorj'ii  Ian'  of  the  diminuliuii  of  temperature  to  the  suptrior 
regiouu  of  ihe  atmosphere,  the  fieBuU  agrees  very  iieurly  v^iih  dmt  «.lediioed 
hy  M  Fourier,  relative  to  ihe  mean  temperature  of  the  planetary  regioui 
dopeiiiltng  upon  ihe  nidiaiian  of  heat  iVom  the  celestial  borlies.  Mr.  Ivotj 
developed  hia  theorv  more  fiillv  in  u  paper  which  he  communicated  to  ibe 
Royal  Society  in  the  year  18:18*. 

No  essential  improvement  liaa  been  made  in  the  theory  of  astronoraiml 
refractions  since  the  piibhcation  of  Mr.  Ivory's  remarkable  results.    The 
labours  of  those   eminent   geometers  who   teive    sub'^equently   directed 
their  atteuLioa  to  the   subject,  serve   only  to  shew  that   the  most  coo- 
BumiuEti6  matbemalical  ^kill,  apart  from  cxperiuieutal  re^earchea,  it  ua 
longer  adequate  to  thh  end.     A  review  of  the  progrej:^  of  tKiii  interesting 
branch  of  physical  etiquiry  caiinot  fail  to  t^uggeat  the  coiicluiiiou  ihot  tliiii 
steps  wbic;b  have  led  to  itf^  present  adviinced  eondition  nre  maiiily  diu 
to  tlie  successive  labours  of  Newton,  Taylor,  Oriani,  Kramp,  Laplace,  and 
Ivory.     With  respect  to  Newton,  we  allude  solely  in  thisi  remark  to  hii 
exposition  of  the  doctrine  of  refraction  genemlly  upon  physical  principle!, 
since  hh  unpublished  researches  on  cuiitrononiical  refraetioa,  considered  a« 
a  special  bitinch  of  enquiry,  could  not  possibly  exercise  osiy  influence  on 
tho  labours  of  hiy   successora.     On  the   other  hand  it  is  impossible  to 
peruBc  without  feelings  of  intense  admiration  the  tict:oiait  of  that  illns- 
trious  philosopher's  researciies,  ns  ex:hibited  in  iiia  corres}K>ndence  wiib 
Flumstead.      The  accurate  concepiiou  which    he  fornix  of   the   retittiuu 
between  the  phGnomenoa  of  refraciioti  uiid  the  density  of  the  refnurtive 
medium,  the  ncuteiiess  which  he  displays  in  delecting  the  various  Aourtti 
of  its  ince^isitnt  tluctuatious,  and  the  sagacity  with  whii-h  he  combines  tlif 
physical  elements  uptin  which  it  depends,  so  as  to  form  the  ground vnirk 
of  a  profound    mathematical   investig!ttion^-are  all   unrqui vocal   indiua* 
tioiis  of  a  genina  of  the  raotst  exaltea  order,  and  such  as  pruclnim,  in  no 
unworthy  language,  the  immortnl  author  of  the  Principia.     Previous  t« 
the  puhUcaiion  of  his  t;orrespoijdeneo  with  Flamstead.  it  wa^  suppweJ 
that  his  researches  un  lh»?  anhjeet  did  not  extend  beyond  the  expkimtioTi 
of  the  general  phenonieuH  of  refraction  by  mechanical  pnnciples.  and  llw 
deterniiualion  of  the  Llw  of  tho  density  of  thtt  atmosphere  upon  tlie  hyiw- 
thesii  of  H  unifonn  temperature.     It  now  appears  that,  by  a  benutifui 
appUoation  of  his  theory  of  central  forces,   he   coniplettly  solved  the 
problem  of  atmoaphcvic  refraction  upon  more  thnn  one  liypfii;;  cl- 

ing the  law  of  density.    The  oidy  real  step  in  advance  ilmt  hii-  ■  ^i* 

by  Newtoii'ti  successors  consists  in  the  introduction  of  the  elenuiit  •>!  lew- 
peraluje  into  the  reaeaj-ches  on  the  subject |.  Tlie  intimate  eouuexiono^ 
this  principle  with  tlio  densily  of  the  atmosphere,  and  its  conseqiieot 
inllueuco  upon  the  refnietioii  of  a  celestial  body,  did  not  fail  In  be  di>ecrn<?<i 
by  him ;  but  the  impeiiect  state  of  thermotics  in  hia  time  reutler»d 
hopeless  any  attempt  to  investigate  the  effects  produced  by  it, 

whatever  inipruvemetits  n;ny  be  effl^cted  in  the  theory  of  ngtronoiQicAl 
refracuon    by  luiure  enquiry  wiJl,   in  all  prohibility,   depend  upon  the 

*    Pliil.  Trans. .  1H38,  p.  160,  ot  «eq. 

t  It  '\a  tfonhy  of  remark  tlut  ihn»c  gMmeter*  who  reru»ed  to  ndniit  Ui«  Ncwloni«D 
prir)r-)|)le  of  the  atlMctioji  nf  the  molefules  qf  matter,  fuileid  by  mr(U).<t>f  any  athft  Uyftt- 
tbe«ii  to  di'iftiit  iUc  riffnrnu*  es|iri*a^ion  fcir  tin"  diflVti'irtial  of  refraclion.  Ttius  Pinna 
hwBticwn  I  Mem,  Acnd,  Tar.,  tomes  sxvii.  sjcsii.)  that  the  cxpfCfeiuiis  assiifneilU*  D-  Ber- 
DOuUi,  Euler,  LarnbcrU  and  Lagrange  were  at]  qior?  or  le«s  erroncuuis  Kramp,  l>apU{V, 
mnd  all  modrm  enquirers,  except  Brinkley,  have  omplr>ye<]  tbf  Ncwtnnian  iheMr}*. 
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experimental  researches  on  the  coustitutiou  of  the  ntmopphiTi. 

Tnainlr  with  n  view  to  ascertain,  with  a  greater  de^rrea  el  pfeo^ 
le  mean  Ian-  of  the  dendiy  of  (be  air  and  the  iiiHuence  of  the 
iqueoas  yapaur  dil^used  throughout  the  dilTereiit  stmta,  It  is  a  fortunste 
circumstance  that,  except  in  those  cases  wherein  the  zenith  disULuce  is 
cousideruble,  theory  is  capable  of  represeniing  the  ohserved  refmctions 
Indepemlently  of  a  knowludfie  of  the  luw  of  density.  The  question  reU- 
tire  to  the  iniluencts  of  thu  iiqueoiis  vapour  suspended  in  tlie  alniosphefe 
h  ilill  involved  in  great  obscurity,  notwithstanding  the  researches  of 
irrerd  eoiiaent  modern  philosophers  on  the  suhject  *. 

Oa  account  of  the  imperfect  state  of  the  theory  of  refraction,  many 
*$tr(yi)otQer9  have  been  uiduced  to  rely  maiuly  upon  their  own  observations 
for  iU«  iB^nfi  of  constructing  tables  wliich  shall  assign  with  precision  the 
nam«rical  value  of  this  correction,  corresponding  to  any  given  nllitnde. 
Allusion  has  already  been  made  to  the  labosirs  of  Bradley  an  J  his  coii- 
tempornries.  ^fith  n  view  to  the  atuiinment  of  this  end.  In  more  ri^cent 
tiine%Ui<e  sultject  has  wciipied  the  attention  of  many  eminent  astronomers. 
Pimi«  »biSe  engaged  in  the  construction  of  his  great  catalogue  of  siars* 
(OBpTojred  a  table  of  refractions  whicli  he  deduced  vi'hally  from  bis  own 
obsfrvatioos,  Groouihriilge,  Carlini,  and  many  otlier  astronomera  of  the 
pre«f)Dt  age,  have  disitingui^ihed  themselves  by  researches  of  n  similar 
AMiwe.  The  labours  of  Bessel  on  tliis  subject  were  worthy  of  his  cora- 
numding  powers  of  investigation.  lu  the  linrlin  t^pUftiieris  for  1813, 
be  determined  the  refmctions  deducihie  from  Bradley's  observations.  He 
lesuizied  the  etihject  in  tlie  Fumlameutn  Astronomitt^  employing  the 
n^gestions  of  theory  to  aid  him  in  liii  researches.  In  the  Tftbidtr 
Hfgiofmrntante  he  hiia  given  a  table  of  refractions  extending  from  the 
tctiitb  ti>  a  dii^tance  of  BS^^>  This  table,  being  founded  upon  a  skilful  diseus- 
of  a  great  number  of  accurate  observations,  is  regarded  as  one  of  tlie 
truiiworihy  ihitt  ha.s  been  hitherto  ealculntecl,  and  in  consequence 
•nerally  used  by  the  a^tronomera  of  the  present  day. 

^o  btble  has  jet  been  calculated  vvhiih  in  capable  of  representing  tha 
ions  near  the  horizon  with  a  degree  of  precision  adequttte  to  the  re- 

lenia  of  astronomical  observation.     The  physical  constitution  of  the 

tlBioephere.  which  foils  to  exercise  any  sensible  influence  un  the  refraC' 
liioDS  at  considerable  altitudes,  plays  an  important  {>art  when  the  mys  nf 
ligiit  from  the  ceJestial  bodies  enter  the  refracting  medsura  in  very 
{•blique  directions  ;  and,  being  liable  to  ineessstnt  oscillations  from  nieteoro- 
loi^Qtl  anises,  it  occasions  tberi^by  corresponding  variations  in  the  re^ 
fnuMJOoat.     Irreguladlies  in  this  manner  arli^e  which  are  found  to  bo 

*  Ti>«  rdtaclif  e  prnwer  of  at^ucoiu  rapour  cxreedi  ihat  of  air  of  the  same  density ;  but 
itiiw  bevn  fbund  ibaT  undi^r  the  tame  pressure  of  the  atmosphere,  (he  density  of  air  exceed* 
Ibst  «f  the  vs|mijr  KJipendK-d  In  if,  neoTty  in  Ibe  tarae  proponlAn,  Heirci-  the  influence 
«f  aqueous  npour  upon  refraction  bas  been  gonetully  Buppo^tl  to  be  intcii^ible. 

'^  if  tbt  6B]tl|  fta*  boundetl  by  a  plane  turfarE>,  mid  the  air  wa«  Arrnnged  in  film  I  a 
fanlld  to  ?t,  Ihc  rcfraclion  tulfered  by  a  r»y  of  light  proctedrng  from  a  celeilial  body, 
•outd  be  ibe  tame  ai  if  it  had  at  once  pa^>^od  frum  the  i-tlifrcal    rep'ona  inia  the  airj 
■I  the  rarih**  mrface.     Hence,  m  isuch  a  L-asc,  (he  quantity  of  rcfraclion  corresponding  to  i 
^^tofjhen  altitude  rnifttiC  be  di>dii<:ed  «inipl_v  Frnm  reKi?archp«  on  (he  dent>iij  of  ihe  aifj 
^Hb«  e»rth'«  Rurface,  indepemdentty  ni  a  knnwlcdgp  nf  (he  law  ar-crtrdirg  tci  which  Hhaj 
Tensily  varied.     Now,  when  a  ray  of  light  prortcds  from  a  celcitiaS  body  iifjir  fhe  zi'ni(h»1 
it  ii  manit^it  that,  abbough  t}ie  air»ta.  nt  air  are  in  reaiitj  disposed  in  coticcniric  tphcricll 
ibrba,  Uwj  are  nearjy  parallel  to  each  othtr  at  the  (loirsfs  where  the  ray  impmire*  njioQ  i 
tktia.     Chi  the  other  hand,  if  the  ray  proceeds  frniii  a  rclif^liaii  object,  tiluatc  neur  iKl 
m«n,  it  enten  Ibc  olmotphcrc  in  a  very  oblique  direction,  and  coQsefjuentty  llie  Hrita 
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altogetber  indepenJent  of  the  usual  iodicationg  of  ibe  bftTOineter 
thermometer.  Such  jinoiiKiloiis  effects  are  doubtless  attribataljlfl 
cbmigea  in  the  upper  regions  of  ihe  atiiiosphi?re,  the  iiitture  and  extent 
which  the  observer  is  unuble  to  Ascertam  even  with  the  srnulkat  degree 
success.  It  would,  therefore,  appear  to  be  a  wark  of  sopererogatiao  10 
ealctilate  the  inean  refractions  for  low  altitudes  ^vhcn  the  appruprinije 
corrections  to  be  applied  to  liiem  do  not  exhibit  sufljeiont  indicati 
whereby  their  vftlues  may  be  determined-  The  mode  of  procedure 
appenra  to  he  best  adapted  for  overcoming  this  difficulty,  coiisii»t3  in  in 
extensive  study  of  meteorological  p  lie  no  menu,  with  a  view  to  ascertain  ihff 
law3  of  those  oticilktiona  which  affect  the  mean  condition  of  the  atrao- 
sphere  at  dift'ereut  altitudes  above  the  suHiice  of  the  earili.  It  is 
grittifying  to  think  that  this  branch  of  physical  enquiry  i»  at  length 
begin ninrt  to  receive  an  amount  of  atLetition  adeijimte  iu  some  degreo 
its  pjirainount  importance. 

The  grand  diseoverv  of  the  Aberration  of  Light  resulted  in  an  alte 
to  detetjt  the  annmil  piirallax  of  the  fixed  stars.  Although  the  facia 
vealed  by  the  invention  of  the  telescope  and  the  discovery  of  grdn» 
had  the  effect  of  eetablisliing  beyond  all  doubt  the  truth  of  the  Copemi 
system  of  the  world  in  the  uiiud^  of  astronomenn,  still  it  was  desirable  to 
obtain  an  assurance  on  this  point,  founded  upon  an  argument  which  it^ 
pealed  more  directly  to  the  senses  than  any  that  had  bet^n  hitherto  addtioed. 
The  ttbsenceof  any  appreciftblu  change  in  the  positions  of  the  Used  stars,  «i 
observedat  opposite  extremities  of  the  terrestrial  orbit,  wiLsotteoftbeearl 
OA  it  wttt  unquL^^t  ion  ably  the  most  serious  objection  that  had  been  ti 
against  the  earth  a  motion  ;  and  it  was  always  considered  that  the  deieciioii 
of  such  a  change  by  obser^'alion  would  furnish  an  irrefragable  proof  th«t 
the  earth  is  not  the  centre  of  the  solar  system.  Astronomers  in  varioofi  ngn 
had  attempted  to  accomplish  this  object,  but  all  their  efforts  had  bitbrrtii 
proved  fruitless.  One  of  the  methods  which  seemed  to  be  bes^t  aiijpf'i 
for  this  (lurpose  was  that  employed  by  Hooke,  of  observing  stars  flbflw 
Renidi  distance  is  small,  since  the  effects  arising  from  any  uncerisiaiT 
in  the  value  of  refraction  are  thereby  avoided.  That  astronomrf  In  I 
selected  for  the  object  of  his  enquiry  the  bright  slur  y  Draromg,  ivii:  ^i 
passes  within  a  few  minutes  of  the  zenith  of  Gresbam  College.  ^\iKi'. 
his  inatrunient  was  erected :  and  by  obsen  ing  it  carefully  at  dilT.n-nt 
seasons  of  the  year,  ho  came  to  the  conclusion  that  it  had  a  sm-ill'' 
parallax,  li  was  wiili  the  view  of  verifying  the  interesting  result  nn- 
nounced  by  Hooke  thai,  towards  the  close  of  the  year  ITirj,  Molymuv 
an  amateur  of  astronomy,  resolved  to  undertake  a  series  of  observauuu* 
of  the  snnie  star.  In  pui^uance  of  this  design  he  cansed  a  large  zi'iiitb 
sector  to  be  constructed  by  Graham,  the  famous  mechanieian,  which  k 
erected  at  Kew,  his  place  of  rehidonce.  On  ibo  Urd  of  December, 
1725,  the  inatmmeni  was  for  the  first  lime  employed  in  determining 
the  position  of  the  star  as  it  pa.ssed  the  ;<etiith-  Similar  obsen-atioM 
were  also  made  on  the  5ib,  11th,  and  iJth  of  the  same  m,onth.  but  cfl 
change  in  the  position  of  the  star  having  boon  delected,  A  circnniatiuicf 
which  was  naturally  accounted  for  by  iho  po&itiou  whkh  the  earth  lh«Mi 
occupied  in  its  oj-bit,  iL  was  deemed  unnecessary  to  maUe  any  further 

al  the  point*  nf  impact  rapidly  diverge  from  parallclijm.  Xt  i*  inftnir«3t.  therefin*.  iK*' 
while  in  ihc  fnrirn-'r  ca*c  the  l,iw  of  tJie  density  of  tlie  almosplicrc  mfty  be  (tispetioed  «^ 
in  computingj  the  quuntily  of  rcfractiaii,  wUlidUt  entailhi^  an^  material  rrmr,  tlic  fUD* 
course  of  procedure  cannot  be  pursued  with  wjutt  isafetj'  tii  the  la!tt?r  ctm. 
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oWrrations  until  tlie  season  of  tlie  year  should  arrive  "Vihen  the  efiect 
produced  hy  parallax  would  be  most  readily  apparent  *.  It  was»  thereforef 
more  from  curiosity  iban  any  other  motive,  accordmg  to  his  own  state- 
ment, that  Bradley,  who  was  then  at  Kew,  was  iuduced  to  observe  the 
star  on  the  iTtJi  of  Deceraber.  Oa  this  occasiou  the  posidoa  of  the  star 
was  found  to  be  somewhat  more  southerly  than  it  appeared  to  have  been 
&DII1  the  previous  deteruiiuatious.  Sospecting  that  the  discordance  arose 
from  an  error  in  tJie  observations,  Jlolyneux  and  Bradley  again  determined 
the  pcfsition  of  the  star  on  the  2Uth  of  December,  when  to  their  great 
tnrprise  they  discovered  that  it  had  advanced  atiJl  further  towards  the 
Math  \.  This  circumstance  was  the  more  ^urprij^ing,  as  the  direction  of 
the  stars  apparent  motion  was  opposite  to  that  which  would  have  resulted 
if  the  effect  had  been  occasioned  by  parallax.  The  star  continued 
to  advance  towards  the  south  uulil  about  the  beginning  of  March,  17-20, 
when  it  attained  a  distance  of  20'^  from  its  original  position.  It  now  ap- 
Mared  for  some  time  to  be  fltationary,  no  geusible  change  of  position  having 
Men  indicated  by  several  successive  observations.  About  the  middle  of 
April  it  appeared  to  be  returning  towards  the  north,  and  by  the  middle  of 
June  it  again  passed  the  mer]di4in  at  the  same  distance  from  the  zenith 
as  it  did  in  the  beginning  of  December.  It  continued  to  pursue  the 
direction  until  September,  when  its  displacement  towards  tbe  north 
great  as  it  had  been  towards  the  south  in  tbe  beginning  of 
;Ii,  Aft^r  remaining  for  some  time  stationary,  it  again  reversed  its 
I,  and  finally  arrived,  in  tbe  beginning  of  December,  in  the  same 
ition  which  it  occupied  twelve  months  previously,  allowing  for  the 
11  ctumge  of  declinationi,  oc^^aioned  by  the  precession  of  the 
(ifoinoxes. 

The  great  regukrity  with  which  the  phenomecon  passed  tlirough  its 
s&cocsaire  phases,  clearly  indicated  that  it  was  not  accidental,  but,  on  the 
Oontisiy,  that  it  arose  from  Uie  uniform  operation  of  &ume  unknown 
t^sic&l  cause.  A  nutation  of  the  earth's  axis  suggested  itself  as  probably 
enable  of  explaining  the  obsened  motion ;  bat  although  this  hypothesis 
toeomited  sufficiently  ^e\i  for  the  change  of  declination  of  y  i3r«fowf>,  it 
%ju  soon  found  to  bo  inconsistent  vnlh  similar  observations  of  other  stars. 
Tbi9  was  more  especially  true  with  respect  to  a  small  star  opposite  in 
Hght  ascension  to  y  Draconis.  la.  tliis  case  the  direction  of  the  apparent 
i^otioii  of  the  star  was  indeed  such  as  would  have  resulted  from  a  nutation 
of  the  earth  3  axis  :  but  the  actual  change  of  dechaation  was  equal  only 
to  hall"  that  of  <y  Draconisr  whereas,  if  the  pheuoraenon  had  been  really 
doid  b>  a  nutation  of  the  earth's  axis,  the  change  of  declination  would  havo 
Wen  nearly  the  same  for  both  stars.  Their  attempt  to  explain  the 
pbendmenon  by  refraction  was  also  equally  unsuccessful  |. 

'  Tbe  annuiJ  parallax  of  a  Bxed  sur  in  latitude,  is  nt  It*  maximum  wlien  the  earth  U 
ittiute  in  the  plane  of  a.  great  circle  to  the  ecliptic  passing  througb  the  liar.  In  euch  a 
pOHtliiii  tl  u  manifest  frota  the  matbematiciil  return  of  a  maxtmum  or  minitnutn,  thai  thi: 
ivrioaHKi  of  psraJlax  rnuft  be  inunnble.  Nnw,  «ince  the  star  y  Dntconis  is  Htuale  near 
t]tt  aoMtial  colrire  (ia  1700  it!  right  ascension  was  about  207"},  it  is  rosy  to  %6t  tltat 
(|w  above  ccmdition  would  be  nearly  fulfilled  about  the  time  when  Molyneux  commenced 
hia  obtcrviktions. 

t  The  looMf  pirt'e  of  paper  upon  which  Bradley  made  the  meinoratidum  of  lhi»  famfujs 
ftfaicrration,  has  been  found  among  bis  Tn&nuscripta.  A  facxinille  of  ihis  highly  iti" 
lcf«iiUlR  rcJique  i>  given  by  Eigaud  ia  his  MUceilaneaus   Works  and  Comsp^ndence 

}  Their  I'onjecture  rc«ppc1ing  the  probability  of  the  dt?i>]«ccment  being  occttuoneil  by 
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Being  anxioua  to  oseertaiu  the  laws  of  this  lingular  phenotnenOQ 
and  to  discover  its  plijsical  cause,  BratUoy  resolved  to  procure  au  in* 
atrument  for  himself,  so  that  he  might  make  observations  for  that  pur- 
pose with  greater  convenience.  He  therefore  roads  Grah&m  oou*lraot 
for  him  a  zenith  sector  which  measured  Vi^  feet  in  length,  and  had  an 
arc  of  Ol".  By  means  of  so  krge  an  arc  he  was  enable  to  make  choice 
of  more  than  300  stars  of  diffi=irent  magnitudes  contained  in  Flamstead^t 
Catalogue*;  but  his  principal  reason  for  having  reeoureo  to  such  a  con- 
struction was,  tliflt  ho  might  observe  Capelta,  which  waa  the  only  star  of 
the  first  magnitude  that  passed  near  hb  zenith. 

The  inatrument  having  been  erected  at  Wansted  in  Essex,  on  the  19ti>. 
of  August,  1737,  Bradley  proceeded  forthwith  to  maJte  observationa 

it,  selecting  such  stara  as  appeared  to  be  best  adopted  for  throwing 

upon  the  phenomenon  f.  Of  these  there  were  twelve  that  could  be  oUaerrftl 
at  all  seasons  of  the  year,  being  bright  enough  t-o  be  seen  in  the  day-UnM 
when  nearest  the  sun.  He  bud  not  long  continued  hia  observations  when 
he  found  that  only  those  stars  which  were  situated  near  the  solstitid 
colore  were  farthest  north  and  south  when  the  sun  was  about  the  eqm- 
noxes ;  and  he  finally  discovered  it  to  be  a  general  law  that  each  star  wis 
farthest  north  when  it  passed  the  aeuith  about  six  o'clock  in  the  eveoing. 
and  farthest  south  when  it  passed  about  six  in  the  morning.  When  hk 
observations  had  extended  uver  a  whole  year,  he  proceeded  to  oompdii 
them  together,  and  having  obtained  a  satisfactory  knowledge  of  the  mn 
of  the  phenomenon,  hs  began  to  enquire  into  its  probable  cause.  He  bd 
already  arrived  at  the  conviction  that  it  could  not  be  due  to  ft  nulatinn 
of  the  earth's  axis.  He  had  also  ascertained  that  it  could  not  in  any  "waj 
arise  from  refraction,  He  now  considered  the  effect  of  an  alteradou  in 
the  direction  of  the  plumb  line,  but  ha  soon  found  it  was  inconsistent  with 
his  observations,  At  length  tlie  happy  idea  occurred  to 
his  mind,  that  the  phenomenon  might  be  completely  ac- 
counted for  by  the  gradual  propagation  of  light,  combined 
with  the  motion  of  the  earth  in  its  orbit.  The  following 
is  a  brief  exposition  of  the  mode  in  which  he  oonceived 
it  to  originate. 

Let  0  4  be  a  ray  of  light  falling  perpendicularly  upon 
the  line  db.  Then,  if  the  eye  is  at  rest  at  a  an  object 
at  c  must  appear  in  the  direction  A  c  whelier  light  be 
propagated  in  time  or  in  an  instatit.  But  if  the  eye  is 
moving  from  n  towards  a,  and  if  light  at  the  same  time  is 
propagated  with  a  velocity  that  ia  to  the  velocity  of  the 
eye  aa  o  a  to  b  A,  then  the  paniole  of  light  which 
enters  the  eye  at  a  must  have  been  at  o  when  the  eye 
was  at  B.  Hence,  if  b  c  be  a  tube  capable  of  admitting 
only  one  particle  of  light,  it  is  manifest  that  the  particle 
at  V  will  descend  along  the  tube  if  it  be  inclined  at  the 
angle  abc,  but  that  it  will  not  reach  the  eye  if  tlie  tube  be  indinei 
at  any  otlier  angle.  In  like  raanuer,  if  u  c  represent  the  tube  of  * 
teleecope  through  which  the   object  is  viewed,  it  must  be  inclined  •' 

rerractiop,  wu  founded  on  Ibe  tuppoaitiou  of  an  annual  change  in  the  figure  of  tlrt^ 
moiphere,  produt-ed  by  the  motion  of  the  earth  through  a  rcaUtiiij;  mcJiunft. 

*  The  in«trutnent  of  MolynciiJi  had  a  npge  of  ouly  a.  few  minulea;  iti  leiijph.li^' 
DVCr,  Vrai  twice  that  of  Oradfey'i. 

t  MolyaeiUE  osiifted  BradJiey  in  erecting  bia  sector.     On  llie  22nd  of  Auguslf  IT^t 
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;.  io  order  that  the  pftrtide  of  light  entering  tbe  ere 
e  defended  along  the  optienl  nxia  of  the  it^lescope.  If 
«ca  moving  with  the  same  velocity  but  in  tbe  contmiy 

from  D  toirards  a,  then  the  tube  must  have  been  in- 
igle  ADC.  wLich  in  efjunt  to  tho  form*r  an^le.  Akhough 
rue  place  of  tlie  object  ut  c,  when  viewed  from  a,  is  perpen- 
liretiion  in  vf  jiith  tlje  eye*  is  movin}^',  it  will  appear  in  the 

lube,  und  tbt;  nKi|j|iii(u*ie  of  the  di»placemenl  benc^  Hrising 
d^'peod  u[>on  ih*?  lelaiiort  between  the  velocitj  of  liijht  and 
ihe  eye.     If  light  move*!  lOOO  limes  faster  than  tiie  eye, 

\ion\d  be  equa,!  to  !^0'  Sfl^'.  aod  ihe  displacement  of  ihe 
nseri«ienTlv  amount  to  fl^'. 

i4t  the  earth  revulves  round  the  $tin  in  an  annual  orbit, 
elocitr  of  Hgbt  exceeds  that  of  the  earth,  in  the  ratio  of 
bUows  from  whui  hrts  been  ftlreaHv  stnted,  that  an  object 
pole  of  the  ecliptic  would  appear  dtinng  the  course  of  a 
)  a  small  circle  whose  radiiL>3  i<;  equn)  to  3|',  its  true  place 
6  of  the  circle.  Bradley  further  jiscertained  that  an  object 
tUker  position  of  the  celestiMl  sphere  would  describe  annually 
round  its  true  place,  the  miaur  axis  of  which  fvould  coincide 
i4>f  longitude  paaaing  through  the  object.  He  also  inferred 
hesie  tbat  the  major  axia  of  the  ellipse  would  be  equal  to 
M  ecQall  circle  which  au  object  situate  in  the  pole  of  the 
ptMnbe.  and  tliat  the  minor  axis  \^'ould  be  to  the  major 
I  of  the  latitude  to  radius. 

lufj  of  the  small  circle,  which  an  object  situate  in  the  pole 
iild  thua  seem  to  describe,  depends  upon  the  nitio  of  the 
to  the  orhitual  velocity  of  the  earth,  it  is  manifest  that 
thia  circle  he  determined  hj  obitervation,  the  ratio  tn 
nee  be   readilj  ascertained.     Now  Bradley  found  from^ 

y  Draeonta  that  the  radius  of  the  small  circle  amounted  to 

e  condtideJ  Ujat  the  veltx'ity  of  light  exceeds  the  velocity 

ts  orbii  in  the  ratio  of  10,^10  to  1.    Knowing  the  velocity 

bene©  obtained  8°*  l'i*for  the  time  which  light  occupies  in 
san  to  the  earth.  By  means  of  similar  observationa  of 
T9  he  found  tbat  the  major  axis  of  the  apparent  ellipse 

ih  star,  or  in  other  words  the  diameter  of  the  little  circle 
tuate  it)  the  pole  of  tbe  ecliptic  would  describe,  was  con- 
pre  between  40"  and  41".  Assuming  its  true  value  to  he 
►  inferred  that  light  occupied  8™  1 3'  in  passing  from  the 
This  appeared  to  him  to  afford  an  interesting  con- 
hypotheab,  being  a  mean  of  the  results  deduced  at  dif- 

ttn  tne  eclipses  of  Jupiter's  satellites. 

ituiued  the  maximum  value  of  the  ioequality,  Bradley  next 

f 
!  journal  of  iiis  obienratianB  at  Kcw  : — "Now  Mr.   Bradley'*  Initm- 
.go  00  eomptring  laoteit  frota  this  tinDe."     Thi<  pUn  of  obMn-iiig 
Vttri  rVidiKd  tn  Wiy  great  extent.      Only  iiK  ob«vrvalion»  iubms^ 
Bmltey't  in^nirnenl.  »re  recorded  in  the  Kew  JoumuL     The 
"  DoeecaW,  I7i7.  Molyneux,  havin;;  been  appointed  one  of  (h« 
■  few  mntvtKi  previously,  cloubtlen  found  it  to  b«  iticoinpatible 
'Itui  oJBdal  dutie*,  to  continue  hii  AstroTtmnicit!  ob«rv»t»oni.     ilc 
(Rifpwd's  Mi»ctUaneom  Works  and  CvrrMpoiuIence  o/  BradJet/.} 
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proceeded  to  compare  its  variatioDs  throughout  the  year,  with  lie  cor- 
responding numbers  assigned  by  his  hypothesis.  The  result  of  this 
comparison  was  in  the  highest  degree  satisfactory.  Of  aeventy  decliiui' 
tions  of  y  Drticonia  determine'd  in  the  course  of  a  year,  one  only  diflered 
more  tbau  2''  from  the  hypothesis,  and  even  in  this  case  the  obseriatioti 
was  marked  doubtful  on  acoount  of  clouds.  The  comparison  of  the  ob' 
served  and  computed  decUoatiotis  of  m  Ursa  Majorit  exhibited  an  equal]? 
gratifying  accordance  *. 

The  phenomenon  refeiTed  to  in  the  foregoing  fljccoant  received  from 
Bradley  tbe  naina  of  Aberration.  Its  discovery  is  universally  regarded  u 
one  of  the  most  important  accessions  which  a.stronomical  science  has  ever 
received.  The  sagacity  which  Bradley  evinced  as  well  in  the  establLah- 
ment  of  its  laws,  as  in  the  detection  of  its  physical  cause,  would  enude 
him  to  a  place  among  the  greatest  philosophers  of  ancicut  or  modem 
times,  even  if  no  other  triumphs  had  adorned  his  career. 

It  has  been  mentioned  that  Bradley  estimated  the  maximum  of 
aberration  at  30",!3a.  Upon  further  consideration  he  was  induced  to  fii 
it  at  20"  f.  The  delicacy  of  modem  researches  on  astronomy  has  rea- 
der ed  a  closer  appro  >:i  ma  tion  to  the  true  value  indispensable,  even  although 
the  corrections  assigned  l»y  the  various  enquirers  who  have  devoted  their 
attention  to  the  subject,  do  not  in  any  case  exceed  a  few  tenths  of* 
second.  Delamhre,  by  comparing  together  observations  of  a  thouu^iul 
eclipses  of  Jupiter's  first  satellite,  deduced  SU''.*25S  as  the  most  probabU 
value  of  the  coefficient  of  aberration.  This  result,  as  we  have  seen,  agwej 
very  nearly  with  that  originally  obtained  by  Bradley.  Various  deter- 
133  in  a  lions  of  this  element,  have  been  assigned  by  modem  astrononieis, 
which  generally  fluctuate  between  S0".7CI80  and  20".2ll6.  In  1844, 
Baily,  having  compared  together  all  those  that  were  known  to  hi lu,  de- 
duced 3n",41fl2  as  the  moat  probable  value.  This  reauU  haa  received  a 
strong  confirmation  from  the  recent  re  searches  of  MM.  Peters  and  StruTC. 
M.  Peters,  by  means  of  a  great  number  of  observations  made  at  Pulkawi. 
with  a  vertical  circle  constructed  by  Ertel,  bus  deternciined  the  muxirauiii 
value  of  aberration  to  be  20".48l.  M.  Struve  makes  it  20".445  byadis- 
cossion  of  observations  made  also  at  Fulkowa,  wiih  a  transit  fixed  in  lli« 
prime  vertical  |. 


UA^^I 


•  Bra'Hcy'i  account  of  tliis  brilliant  discovery  is  contained  inthe  volume  of  the 
phical  Transactions  for  ]729,  It  will  be  seen  that  hi*  rpsearL^hes.  are  wbolly  foui 
obscrrationK  of  the  decLinationt;  of  the  stars..  It  docs  not  appear  that  hti  aUempted  t> 
ferify  hi»  theory  by  ineanB  of  rifjht  ascensions.  At  any  rati'  he  roakes  dd  especiaJ  li)"- 
lion  ill  bis  paper  to  the  efft^ct  which  the  dispbcement  vould  produce  upon  tbms  co- 
ordinateiir  altJiuugh  tht;  fact  aiihounced  by  hioi,  that  every  star  described  in  appucB* 
eUipM!  necessarily  tmplied  variations  in  right  aicension,  corresponding  to  tho«  in  Aedi- 
nation,  it  li  evident  that  he  deemed  observation  a  i>f  rii^ht  ascension  not  to  be  f-ufficicntlf 
trustworthy  for  *o  delicate  an  inTestigation.  In  1730  ManTrfdi  a>M<?rled  that  hit<ll>J«^ 
TRtiontt  although  i^ubject  to  occjutonal  irregularities,  cnhibited  a  motion  in  ri(;ht«i«ii« 
sion»  analagous  to  that  ulneh  Bradley  had  delected  in  deelination.  (Coinin.  AewL 
Bonon,  vol.  i.  p.  G34.) 

+  Phil,  Trans.  1748,  p.  23. 

I  Struve "«  Elutlea  d'A^tronomie  Siullain;,  p,  96.  In  the  Mine  wort  it  is  itll*<l 
that  M.  Pet eF»  obtained  20' .076  for  the  maximutn  value  of  aberration  with  a  plK^biblc 
error  of  I".  U,  bv  a  disKiiission  nfeertain  observations  of  Flamstead's  whioh  areconiwi'J 
in  a  tetter  from  tliat  antronoiner  to  VVallb,  published  in  the  third  volume  of  the  Oi>»» 
Malhematica  of  the  latter.  Flajnstead  v/as  under  the  icnpreuiaD  that  ibe  varuttmii"' 
the  star  obapr(^erl  by  him  (Poferw)  were  oci>a&ioDcd  by  parallax. 


HI(»ruRY   OP  PnT&tCAL  ASTBON0}\IY.  :M  I 

When  Bradley  was  engaged  in  investigating  the  phenomenon  of  aberra- 
tion, he  found  that  in  the  case  of  somo  stars  near  the  equinoctial  colure, 
ikt  change  of  dedination  was  greater  than  that  which  would  have  resulted 
£rom  a  mean  annual  precession  of  50''.  Similar  obsen^ations  of  Btai-s 
mu  the  solstitial  colure,  indicated  an  effect  of  a  contrary  nature,  the  change 
of  dedinatioii  being  less  than  the  quantity  due  to  the  same  value  of  pre- 
onsioD.  It  was  manifest,  from  this  circuuistauce,  that  the  phenomenon 
eoold  not  be  attributed  to  an  error  in  the  motion  of  the  equinoctial  poiuts, 
Bmdter  made  repeated  observations  with  the  view  of  discovering  its  real 
Batore  fromi  the  year  1737»  when  his  instrument  waa  first  erected  at 
Winsted,  nnUl  1733,  the  year  of  bis  removal  to  Oxford.  During  this 
tDterral  of  tirae  some  of  the  stara  near  the  solstitial  cokre  bad  changed 
tiieir  declination  9"  or  HT'  less  than  the  quantity  due  to  a  precession 
tX  SO" ;  while  others  near  the  eqtiiuoi^tial  oolure  had  exhibited  an  equal 
dmtgp  of  declination  in  the  opposite  direction.  The  north  pole  of  the 
Muatar  appeared  to  have  approached  the  stfirs  which  c^mo  to  the  meridian 
m^  ibe  sun  about  the  vernal  equinox  and  the  winter  solstice,  and  to 
)an  receded  from  those  which  came  to  the  meridian  with  the  sun  about 
thd  autumnal  equinox  and  the  summer  soktice. 

After  pondering  for  some  time  on  the  phetiomenon,  Bradley  began  to 

HBpCCt  that  it  might  arise  from  the  variable  action  of  the  moon  on  the 

latter  accumulated  round  the  terrestrial  equator.     On  account  of  the 

Boticn  of  the  moon's  nodes,  the  inclination  of  the  lunar  orbit  to  the  earth's 

t\nM.tor  is  in  a  state  of  peqietual  change,  whence  it  might  readily  be  in- 

fcrred  that  the  efficacy  of  the  moon  to  disturb  the  earth  would  be  subject 

b  a  corresponding  variation.    During  a  revolution  of  the  moon's  nodes  the 

tKlioation  of  the  lunar  orbit  passes  through  all  its  values,  increasing  during 

1W  half  of  this  period  to  the  extent  of  10^  and  then  returning  during  the 

other  half  to  its  original  state.     It  therefore  occurred  to  Bradley  that  the 

iMttioti  of  the  equinoctial  points,  which  partly  depcuda  upon  the  disturbing 

tetiem  of  the  moon,  would  be  subject  to  an  oscillatory  movement  of  sensible 

SMigniLudet  the  period  of  which  would  coineide  with  the  time  of  a  complete 

Kvolalioa  of  the  moon  s  nodes.    Upon  comparing  the  observations  of  stars 

Itmr  the  solstitial  colure  that  were  almost  opposite  in  right  ascension,  he 

iHtDd  thAt  the  change  of  declinution,  though  opposite  in  direction,  was 

equal  in   quantity ;  for  while  y  Draconis  had  advanced  northward,   the 

imall  sUU"  35  Camtlopardali  appeared  to  have  moved  as  far  towards  tha 

•MUbr     A  nutation  of  the  earth's  axis  was,  therefore,  iu  this  case,  capable 

of  cxplaifiiDg  the  phenomenon,  although  it  was  found  to  bo  inadequate  to 

Ijhct  end,  when  the  question  referred  to  aberration.     The  same  conclusion 

lailcnped  from  a  comparison  of  obserrations  of  other  stars  that,  taken  two 

«kI  two,  were  nearly  opposite  in  right  ascension. 

lo  1727,  when  Bradley  commenced  his  observations,  the  moon's  ascend- 
tag  node  was  in  Aries,  and  the  inclination  of  the  lunar  orbit  was  at  its 
maxlmiun.  In  1736  the  lunar  node  \cjia  in  the  beginning  of  Libra, 
Ittvhig  completed  half  a  revolution  in  virtue  of  its  retrograde  motioDt 
vxd,  the  inclination  of  the  orbit  had  consequently  now  descended  to  its 
mtnimom.  During  the  intermediate  period  the  change  in  the  declina- 
tion of  stars  near  the  solstitial  colure,  was  less  by  18"  thau  that  which 
wcNild  have  resulted  from  an  annual  precession  of  50";  for  y  Draconis, 
which  ought  to  have  advanced  about  8''  farther  towards  the  Bottth,  was  ob- 
served in  1736  to  be  situate  10"  more  to  the  north  than  it  was  iu  1727.  If 
the  phenomenon  was  supposed  to  arise  from  a  change  in  the  obliquity  of 
pie  ecliptic,  it  would  indicate  a  dimiuutiou  equal  to  T  in  30  yeni"^.   As  this 
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«f  Us  Tie«%  H«ni^ 
ck»  nen  fecli^iiwi'of  y  i>rw«ini  from  300  dwitaa  <taic- 
%^  opplfni^  tp  each  flliaeii>ik«  tlie  ffropriate  ooctidMli  ■ 
AbeintiaQ,  a^  —^^'i—.  he  o)it«aied  •  enies  of  lenhs  ildck 
ft  renaiiLAhle  eftuciiinial  with  etdi  oUmt.  Elef«B  oelj  ««• 
to  differ  so  mach  as  a""  h%m  tiw  imb&  of  d>e  wboloi  «bU«  H* 
aw  diSiRed  to  ranch  as  3"  fpm  it.  The  naalt  ii»  «|ttallf  Mtis&ettf; 
in  tlbe  cMe  «f  Mtiol  odwr  stan,  which  he  emplojred  in  tettdag  his  b!|ft- 
tb<aii«. 

li  has  been  tttted  that  Brmilej  fixed  the  coefficient  of  DuUlion  tl  t^ 
Tl(«  rea«Mcfa«s  tji  sub««queiit  eoquirrcs  seam  to  indicate  ib«t  the  tm* 
vaJat  ms«^d»  this  qoanti^  hy  a  few  tealhi  of  a  fl«cood.  Msikelyne  tooi* 
it  tf''^55.  I^ptace,  hj  the  aid  of  theory,  deduced  9"A0  a»  its  Enostfiv- 
babla  value.  Lindenau,  bj  a  discussion  i>f  a  %ast  number  i^f  obsefratiosi 
extending  from  1790  to  1815,  and  ooneequenllj  including  three  eoaap)^ 
r4»riiluiion8  of  the  mtx^n's  nodes,  obtained  S"M9i  for  the  ooeffioieat  «f 
nutation.  Tliia  result  is  now  general Sj  «upp08«^  bj  astronomera  to  M 
below  the  true  value.  Dr.  Briukler,  by  comparing  1018  obs«rtatioi»«' 
iiftrent  atui,  made  it  »".2&.  Henderson,  from  the  ralue  of  the  Bwofl* 
BOMt,  ittdicited  by  his  researches  on  the  lunar  equatorial  parallai.  d•^•^ 
niotd  tUfi  roi'ffiricrit  of  nutation  to  be  B"/i8.  Dr.  Bubtjasou,  fiXMn  nf 
WKfiM  of  0(J(J«»  oliscrvttiiwa^  with  tho  mural  circle,  made  by  Pood  *t 
OrBenwich,  li«tweon  i\w  yeaiu  1812  and  1835,  deduced  9".3S913«>* 
tnoit  probitble  vulats.  Various  similar  evaluations  have  been  efTectd  bj 
modern  a,Htronoiuep*.  Bnily,  by  a  careful  comparison  of  all  the  reiuJt*. 
oarae  to  tbo  concluaiou  that  the  most  probable  Talue  of  the  ooeffitien' » 
V'M. 

•  8m  Ihe  origJiwI  Menurir  of  Bradlry  (  Phil.  Tran»,,  174a  p.  1  rt  »eq.). 


In  onler  to  render  observations  of  the  planets  available  as  elemeats  of 

Ute^rebcal  rese&rch,  it  is  necessary  to  reduce  them  £rom  tbe  place  of  ob> 

tioQ  to  the  BUD,  tiu9  physical  centre  of  the  platietiuy  system.     Two 

are  requtsita  for  this  purpose.     The  ^mi  conaists  ia  reducing  the 

nt  podtiou  of  the  planet  from  the  place  of  observation  to  the  centre 

earth.     To  this  end  it  is  indispetisable  to  obtaio  a  knowledge  of 

or  geocentric  parallax,  in  other  vrords,  the  apparent  displace- 

t  oo^isioned  by  rtowiiig  ih©  bodj  from  a  point  on  the  surface  of  the 

instead  of  its  centre.    The  second  step  in  the  reduction  of  a  planetary 

atioD,  eoDsiiSts  in  transferring  the  posiiioa  from  the  centre  of  the 

to  the  centre  of  the  sun.     This  abject  is  effected  bj  meana  of  the 

d  or  heliocentric  parallax.    When  ouce  the  absolute  magnitude  of  the 

tiial  orbit  has  beei)  deteroiined  by  means  of  the  solar  parallax,  the 

iocentric  parallax  of  any  planet,  h  readily  ascertained  by  the  aid  of 

ler!»   third  law.      The  reduction  of  a  plana tairy  observation  h  thuB 

if  made  to  depend  upon  the  evaltiELtion  of  the  solar  parallax.     The 

bi  itsearches  on  this  important  subject  has  already  been  briefly 

iiided  to  in  one  of  the  preceding  chapters. 

AAer  the  astronomer  has  succeeded  in  tracing  the  laws  of  the  various 
"e»  which  exercise  an  iuUuence  on  the  apparent  poejitiona  of  the 
bodies,  and  has  determined   their  maximum   ejfects  with,   all 
e  precision,  there  still  remains  the  laboriovis  task  of  computing  the 
ment  occasioned  by  them  corresponding  to  any  assigned  Instant, 
expedients  have  been   devised  with  a  view  to  abbreviate  tlie 
lO  calculations  attendant  upon  this  operation.     In  the  ConnaisiaHca 
Tempi  for  1760,  there  appeared  tables  having  for  their  object,  to  faci- 
the  computation  of  aberration  and  nutation  for  a  few  of  the  principal 
Similar  tables  continued  to  be  published  in  the  volumes  for  the 
|aent  jeai^,  the  numbers  of  atanj  to  which  they  were  adapted,  gradu- 
Ijr  increasing,  until  at  length  it  amounted  to  510  in  the  volume  for  1S06. 
the  same  year  tables  designed  to  facilitate  the  calculation  of  aberration 
I     t&d  nutation  were  published  by  Cagnoli  and  De  Zach.     Gagnoli'^  tables 
I     Ippeared  in  the  form  of  an  appendix  to  a  catalogue  of  501  stars  which  he 
I     po^Iished  at  the  seme  time  *.     They  were  applicable  only  to  the  stars  con> 
Ukatd  ID  the  catalogue.     Ce  Zach's  tables  were  attached  to  a  catalogue  of 
1830  sodiacal  stars ;  but  their  application  was  confined  to  494  of  the  prin- 
cipal 6 tars  in  the  catalogue  f.     In  181^,  the  laat-mentioned  astronomer 
§|ve   an  important  extension  to  bis   previous  labours  by  the  publioar 
tiOQof  tahles  of  aberration  and  nutation,  adapted  to  a  catalogue  of  1440 
Hagn  J.     A  defect  of  these  tables  consisted  in  the  omission  of  the  solar 
Dtttatjon,  an  element  of  displacement  which,  although  of  inconsiderable  im- 
portance compared  with  the  other  correction s>  ib  capable  of  exereiaing  a 
rery  sensible  iutlueiice  on  the  delicate  investigations  of  sidereal  astronomy. 
It  cannot  fail  to  excite  surprise  that,  until  a  very  recent  period,  no 
genera}    methods  were  devised  by  ^tronomers,   having  for   their  object 
to  £u:ilitate  the  reduction  of  observations,  by  combining  together  in  one 
hnii«geiiDOiis  system  of  calculation,  as  far  as  was  practicable,  the  separate 
|roo«—ti«  for  determining  the  various    inequalities  which   affect  the  ap- 
tMttnt  positions  of  the  celestial  bodies.     With  respect  to  refraction,  its 

^m  *  Cvtatogue  db  AOl  ^toilea,  mWl  d»  T»bLM  retitivei  d'Ab«mtioa  et  d«  NutHtion  -, 
■fed.,  1807. 

^P  t  Tibulse  SpetUles  Abi?rration]s  et  Nutationu,  &c.:  S  torn.  Svo.,  Golho^  iSt^?. 
•^   \  NouveUe*  Table*  d'Abcmfion  et  de  Nutation  pour  1440  ^loile*,  Svo.,  MamilU, 
18)2. 


.magnitude  iu  auy  particular  iusUnce  depends  upon  the  altitude  of  the 
object  above  the  horizon,  and  the  state  of  the  barometer  and  th^rmotneter 
at  the  tiroa  of  observation.  It  is  obvious,  therefore,  that  it  cannot  bo 
conveniently  combined  in  calculation  with  piieeegsion,  aberration,  or  nuta- 
tion, the  respective  values  of  which  depend  on  the  position  of  the  object 
in  the  celestial  sphere  and  on  the  time  of  observation-  Au  objection  of 
a  similar  nature  occurs,  when  the  qaeation  relates  to  the  combination 
of  the  geocentric  pjirallai  with  any  other  correction. 

On  the  other  hand,  the  inequalities  of  precession,  aberration,  and  nota- 
tion, offer  obvious  facilities  for  the  invention  of  a  method  which  may  em- 
brace them  all  in  one  uniform  process  of  calculation.  For  a  long  lime, 
however,  no  vigorous  effort  appears  to  have  been  made  with  a  view  to  the 
attainment  of  this  desirable  end.  Astronomers  continued  to  calculate  the 
three  inequalitioa  by  separate  processes,  ootwttligtanding  the  analogy  ihej 
hore  to  each  other  when  considered  merely  in  reference  to  the  detennba- 
tion  of  their  numerical  values.  The  reduction  of  any  single  observatkra, 
could,  therefore,  be  effected  only  by  executing  a  variety  of  distinct  pro- 
cesseiei  of  calculation  ;  and  it  was  doubtless  owing  to  the  labaux  neceas&nlj 
demanded  by  such  au  operation,  that  vast  masses  of  observations  came  to 
be  accumulated  without  being  reduced  at  alL 

About  the  year  1830  the  subject  began  to  attract  seriotts  attention,  9ai 
methods  designed  to  facilitate  the  reduction  of  observations  upon  the  prin- 
ciple of  combination  above  referred  to,  were  suggested  by  various  astrono- 
inci-s,  both  in  this  country  and  on  the  Continent.     Bessel  at  length  pro- 
posed a  method  which,  on  account  of  its  Buperior  advantages,  has  supplanted 
all  the  others.    The  complete  correction  of  a  star's  place  (in  so  for  aa  p(»- 
cession,  aberration,  and  nutation  are  concerned),  whether  in  right  asceasion 
or  in  dechnation,  is  by  this  method  expressed  in  terms  of  four  products,  ewh 
product  being  composed  of  two  factors,  one  of  which  depends  on  the  plod 
of  the  star  in  the  celestial  sphere,  and  the  other  on  the  time  of  observatiwi- 
The  factors  which  depend  on  the  time  of  observation  are  the  same  both 
for  right  ascension  and  declination,  but  those  depending  on  the  place  of  tbts 
star  are  different.     Hence  the  reduction  of  an  observation,  at  least  aafi^ 
as  relates  to  tlis  three  corrections  above-mentioned,  demands  the  com- 
putation of  twelve  Constanta,  eight  of  which  depend  on  the  jfrftw*  of  the 
star,  and  four  on  the  tiwe  of  observation.     Now,  when  the  mean  place  of  a 
star  is  once  determined,  the  constants  of  the  first-mentioned  group  may  be 
compnted  by  an  easy  process,  and  it  is  mmiifest  that  when  this  is  once  l^ 
corapliahed,  the  results  will  serve  equally  well  for  alt  observations  of  tlie 
star.     On  the  other  hand  the  four  constants  which  depend  on  the  time  of 
obaervation,  \vill  vary  for  every  day  of  the  year,  and  will  even  be  differeoi 
on  the  same  day  of  each  successive  year.     Jience  these  constants,  unlike 
the   former,  will  require  to   he  calculated  for  each  day  of  observatioD> 
They   possess   this  peculiar   advantage,   liowevcr,   that  when   once  cal- 
culated for  any  day  of  the  year,  they  will  apply  equally  well  to  any  star  ia 
tlie  heavens  on  tliat  day. 

The  facility  with  which  this  method  adapts  itself  to  the  computation  of  the 
apparent  places  of  the  stars  by  tlie  aid  of  a  catalogue  of  their  mean  places  is 
very  obvious.  The  eight  constants  depeoding  on  tho  place  of  each  star,  may 
be  calculated  once  for  all,  and  inserted  in  the  catalogue.  The  four  constants 
depending  on  the  time  of  observation,  cannot,  of  course,  be  included  absolutely 
in  any  catiilogue;  but  their  successive  values  may  be  calculated  for  a  deEoite 
poroid  of  time,  so  as  to  be  applicable  to  any  day  of  observation  comprehended 
witliiu  that  period.    These  objects  being  accomplished,  the  detenuinatioii 


of  tbe  complete  correction  of  any  star  in  the  catalogue  for  any  day  of  the 
rear,  &nd  I  he  cunsequent  ascertaintneut  of  its  apparent  place  on  the  same 
4r^,  la  an  operation  which  may  he  performed  in  two  or  three  mioutes. 
The  advantage  which  the  theoretical  astronomer  must  possess,  in  beiog 
thua  relieved  at  the  outset  of  his  researches  from  a  va^t  amount  of 
tedious  caleulation,  is  too  obvious  to  require  further  notice.  The  values 
of  the  four  oonstants  depending  on  the  time  of  obsetvation,  are  calcu- 
lated for  each  day  of  the  year,  and  are  published  annually  in  the  Nau- 
tical AltrHtttac*.  Mr  Airy  has  recently  proposed  a  modificatjon  of 
Beasel's  method,  designed  to  obviate  certain  inconveniences  ^'hich  in 
9wne  respects  attend  its  prHCiieal  application  t- 

The  Urtnographical  principles,  to  which  aHusion  baa  already  been  made 
in  this  chapter,  exercise  a  direct  influence  on  the  apparent  positions  of  the 
celestial  bodies,  and  therefore  an  accurate  knowledge  of  the  effecta  pro- 
duced by  them  is  indiajtensable  in  all  those  queations  uvhich  concem  the 
relations  of  space  and  time.  Moreover,  tbe  principle  of  refraction,  by 
(uffeciiog  the  aspect  of  phenomena,  demands  attention  in  various  researches 
relating  to  celestial  physics. 

But  the  priuciptes  of  Difiraction  and  Irradiation  are  al^^o  known  to  ex* 
erase  an  inHuence  similar  to  that  ascribed  to  refraction  ia  the  latter 
tDstanee.  These,  indeed,  by  occasioning  an  alteration  in  the  apparent 
m^nitudes  of  the  celestial  bodies  might  be  supposed  in  some  cases  ulti- 
ffittely  to  affect  their  apparent  iwsitions.  Tlieir  influence  in  this  respect, 
however,  has  been  hitherto  found  to  lie  inappreciable.  On  the  other  hand 
it  cannot  he  doubted,  that  they  sensibly  aJOfect  the  aspect  of  eclipses  both 
of  tbe  son  and  moon,  as  well  as  transits,  occultationu,  and  variona  other 
phenomena.  A  brief  hi^jtorical  account  of  researches  on  these  principles, 
considered  only  in  so  far  as  theur  iufluence  on  BStnmomical  science  is  con- 
cerned, may,  perhaps,  not  be  out  of  place  on  tlie  present  occasion. 

The  discovery  of  the  Diffraction  of  Light  ia  due  to  GrimalJi,  aa  Italian 
philosopher  of  the  seventeenth  century  J.  Having  admitted  a  beam  of  light 
through  a  very  small  aperture  into  a  dark  room,  he  found  that  the 
shadows  of  bodies  placed  in  the  cone  of  light  tbuis  formed,  when  received 
npon  a  screen,  were  larger  than  they  would  have  been  if  the  rays  of  light 
had  passed  by  the  edges  of  the  bodies  in  right  lines.  He  perceived  also 
around  the  shadows  three  fringes  of  coloured  light.  The  fringe  nearest 
the  shadow  in  each  case  was  the  broadest;  tbe  one  most  distant  from 
it  was  the  narrowest  and  faintest  of  the  three.  Griraaldi  concluded  from 
tlieee  facts  that  light  was  detlected  when  it  passed  by  the  edges  of  bodies. 
He  £s^t  gave  an  account  of  his  experiments  in  a  work  puhUshed  at 
Bologba,  in  the  year  ldG&  §. 

The  phenomena  of  diffraction  did  not  es^cape  the  attention  of  Newton. 
Ia  the  tnird  book  of  his  Optics  he  gives  some  account  of  bis  researches  on 
pibject    He  mentions,  however,  that  he  was  interrupted  in  the  midst 
1  experiments,  and  that  at  no  subsequent  period  could  he  tind  leisure 
le  them.     This  pait  of  the  researches  of  thi3  illustrious  philo- 
mtist  therefore  be  considered  as  left  in  an  unfinished  stale. 
fewtOD  repeated  Grimaldi's  experiment,  by  admitting  a  beam  of  light 


*  thme  are  the  cdtistonts  denominated  a,  b,  c,  d,  the  numE^ricai  values  of  wtiich  are  m- 

In  Hiccarioo  at  page  hk.  at  each  month,  in  (he  Rrjt  part  of  the  Ephemeris. 
f  MvniL.  Ast.  Soc,  vo].  %vu,  p.  256,  cl  ceq. 

\  Thb  property  of  Itglit  i«  also  socneiimes  aisttngiiiffaed  b^  tbe  terni  '*  laflexiod." 
\  Pbfaco  Maihnu  ae  Lumine.     Boiion,  lG6a. 
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into  a  dark  room,  through  a  small  hoi  a  about  the  4Qn<i  part  of  sat  inch  b 
diameter,  atid  he  found,  like  that  pbilosophert  that  slender  liodies.  placed 
in  tlie  cone  of  light,  threw  upon  a  screen,  shadows  of  much  larger  diineu- 
eiions  than  tliej  ought  to  have  done  if  light  hiut  parsed  in  right  lines,  A 
human  hair,  equal  in  breadth  to  the  SBOlh  of  an  inch,  placed  at  a  distanos 
of  13  feet  from  the  hole,  threw  a  shadow  upon  a  screen  4  inches  beyond 
it,  which  vrm  equal  to  the  60th  part  of  an  inch  in  breadth  *,  and  oome- 
qaeotly  was  more  than  four  times  broader  than  the  hair  itself.  Netftan 
eetablished,  by  a  variety  of  experiments,  that  the  phenomena  of  diiTractioQ 
were  absolutely  independent,  both  of  the  nature  of  the  substance  which 
threw  the  shadow,  and  of  the  form  of  ita  edge.  They  appeared  to  hioi, 
therefore,  to  depend  upon  eorae  principle  quite  distinct  from  refrwrtieii, 
He  made  some  interesting  experimenta  on  the  fringes  which  surround  tho 
shadows  of  diffractiiig  bodies,  and  concltided  ht9  labours  on  the  aubjuct 
with  certain  queries  suggestive  of  the  nature  of  diffraction. 

The  phenomena  of  the  dltfractive  fringes  have  engaged  the  attentiouof 
many  eminent  philosophers  of  the  present  century,  but  an  account  of  l1)»ir 
labours  does  not  come  within  tho  province  of  this  work.  The  p^i^ 
difiTractiou  has  been  supposed  in  various  ways  to  affect  the  aspect  v 
tial  phenomena:  but  the  case  in  which  its  influence  has  been  most  tviu- 
plet*ily  established,  is  that  wherein  the  object-glass  of  the  telescop^j  wn- 
■titutes  the  diilmcting  boJ^.  The  dii^ks  and  rings  exhibited  by  the  fixed 
stars,  when  viewed  in  telescopes  uf  high  power,  liave  been  fully  accouDtad 
for  ill  this' manner,  by  adopting  as  the  basis  of  enquiry,  the  principles  of  tltS 
undulatory  theory  of  light.  In  the  next  chapter  we  shall  have 
to  mention  several  phenomena  which  philosophers  have  oudeavoureij 
explain  by  the  diffraction  of  light. 

A  principle  which  is  supposed  to  exercise  a  more  varied  and  extenaiw 
influence  on  celestial  phenomena  than  the  diffraction  of  light,  is  tlilt 
which  has  been  distinguished  by  the  term  *'  Irradiation."  In  virttifi  <rf 
its  operation  a  luminous  object  projeoted  upon  a  dark  ground  is  diJatai 
in  all  directions,  so  as  to  appear  somewhat  onlai^ed  in  dimensiQiui.  k 
suiking  example  of  the  effect  of  irradiation  is  afforded  by  tlte  appMTlDM 
of  the  moon  when  only  a  few  days  old.  In  this  case  the  luminous  creMot 
is  seen  to  form  part  of  a  much  larger  circle  thau  the  remainiug  portion  of 
the  disk,  the  outline  of  which  ia  rendered  distinctly  visible  by  means  of  t]i« 
iumiere  cendrie,  or  reHected  light  of  the  earth.  Aa  might  be  expected»* 
phenomenon  the  converse  of  tliis  is  exhibited,  when  an  opaque  body  i«  tecQ 
projected  upon  a  luminous  surface.  The  object  then  appears  to  be  oofi- 
tracted  in  dimensions,  from  the  light  enctoachiug  upon  it  on  all  sides. 

Some  of  the  phenomena  of  irradiation  are  so  palpable  to  observatioti. 
that  they  could  not  fail  to  have  attracted  notice  at  a  very  early  age.  It 
appears,  however,  that  Kepler  was  tho  first  who  pointed  oat  the  cooifr 
quence  generally  ai-ising  from  the  operation  of  this  principle.  His  re- 
marks 00  the  subject  are  contaiued  in  his  "  Supplement  to  Vit«Uioo."  * 
treatise  on  Optical  Science  which  ho  published  in  the  year  11104  f.  After 
citing  the  case  of  the  new  moon  as  above  referred  to,  he  remarked  thsl 
the  aspect  presented  by  the  lunar  eclipse  of  May  '25,  1603.  afforded  > 
similar  illuatnition  of  the  effect  produced  by  irradiation.  Again,  it  waa 
found  that  during  eclipses  of  the  sun,  the  deficient  segment  of  the  solir 

■   Optics,  p.  114  (4lo..  Lond.,  1704). 

t  Ad  Vitellionem  ParalipDOKrid  quibuB  Antronofnlte  pan  optica  tnditurt  4tOif  Franc  ■ 
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disk  id  ways  appeared  too  smdl,  in  consequence  of  lbs  light  of  the  visible 
Mgmeai  dil&liug  in  all  directioaa  and  encroachiug  on  the  dark  Itmb  of  the 
noon*  As  k  simple  mod6  of  exiiibitiug  the  inBueDce  of  irradifilion,  be 
rBi&Arked  tb^t  If  a  ruler  be  held  before  tbe  eye  bo  eb  to  intercept  the  light 
of  tlie  moon,  it  will  appear  narrower  at  the  part  where  it  ia  projected  upon 
lbs  lunar  disk. 

We  Dv«  also  to  K<^pler  an  explanation  of  the  physic al  cause  of  irmdia- 
lion.  He  supposed  that  the  rajs  of  light  from  remote  objects  converged 
before  reaching  the  retina,  and  then  proceeded  in  a  divergent  course,  so 
that  each,  pencil  of  rayi  depicted  upon  the  optic  membrane  a  small  sur- 
&M  instead  of  a  point.  It  followed  a^  an  obvioua  consequence  of  this 
iheorj,  that  the  object  would  appear  somewhat  enlarged.  Kepler,  bow- 
IPnif  irsa  of  opiniou  that  niile^H  the  retina  Kas  very  i^ensitivei  no  iropres- 
SMO  vaa  produced  upon  it  beyond  the  central  point  of  the  small  area 
eO'Tnaponding  to  each  pencil  of  rays.  Hence,  according  to  this  view  of  the 
totg^ci,  the  phenomena  of  Irradiation  would  be  viaible  only  to  a  particular 
fbai  of  individual  *. 

The  fureguing  explanation  i^  exceedingly  plausible,  but  a  slight  examina^ 
tion  will  auMce  ta  show  that  it  is  inconsiiiLentirith  the  results  of  observation. 
In  the  firat  place,  it  is  not  true  that  the  mys  of  light  euianating  from  remote 
olyects,  con%'erge  before  reaching  the  retina.  The  eye  in  fact  posfiesses  a 
pow«r  of  adaptation  which  enables  it  to  bring  the  raya  to  a  focus  upon  the 
optic  membrane.  hoTrevef  great  may  be  the  distance  at  which  the  object  is 
placed.  Secondly,  it  is  to  be  remarked  that  even  if  thla  asBumptiun  was 
ireU  founded,  the  liypothosis  would  still  be  inadequate  to  explain  the  phe- 
miiiietia  of  irradiation,  since  the  latter  do  not  fail  to  present  themselves  to 
(ib6enrfi.tion  at  the  distance  of  distinct  vitsion.  Lastly,  the  phenomena  of 
inradiatiou  are  generally  visible  to  all  persons,  although  tliey  exhibit 
dkemselves  with  greater  intensity  to  sonic  persons  than  they  do  to  or  hers. 
The  irradiation  of  luminous  bodies  was  a  subject  which  attracted  the 
attention  of  Galileo  on  many  occasiona  in  the  course  of  his  physical  inves- 
tigations, and  a  variety  of  iutereijting  remarks  upon  it  are  to  be  found  iu* 
t^per^ed  tbroughout  bis  writings.  In  the  "  <Siderens  Nuncius  *'  he 
aaierta  that  the  fixed  stars,  when  viewed  with  the  telescope,  are  not  en- 
larged in  the  proportion  of  the  magnifying  power.  In  explanation  of  this 
&CC  ha  remarks,  that  the  telescope  has  tbe  effect  of  stripping  the  star  of 
the  false  light  by  which  it  is  usually  surrounded  when  viewed  with  the 
naked  eye.  This  spurious  corona  is  ascribed  by  him  to  the  iofluence  of 
irradiation.  It  generally  increaaes  with  the  brightness  of  the  tield  upoti 
*hich  the  luminous  object  is  projected.  Thus  at  sunset,  when  the  oh- 
•cority  of  the  he-avena  is  tempered  by  the  influence  of  the  twilight,  llie 
ttui,  even  of  the  first  magnitude,  appear  e.tcessively  miunte.  So  with 
respect  to  Venus,  notwithstanding  the  splendour  with  which  she  usually 
thinefl,  she  does  not  exceed  a  star  of  the  six^th  magnitude  on  those  occa-. 
lionii  when  abe  happens  to  be  visible  at  noon  f. 

Galileo  next  alludes  to  irradiation  in  one  of  his  letters  to  Welser  on  the 
whir  spots,  Scheiucr  had  remarked  that  Venus  would  appear  as  large  on 
the  sun's  disk,  as  she  does  when  she  is  near  her  superior  conjunction. 
G-alileo,  however,  denied  the  truth  of  this  statement.  He  asserted,  iu  the 
fint  place,  that  the  irradiation  of  the  planet  usually  catiies  htt  to  appear 

*  Ad  YitelUonem  Pvsljponieiifi,  p.  217,  et  seq. 

t  Opere  di  G»meo,  torn,  ii.,  |!.  13,  Edit.  Pad.,  1747. 
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much  larger  thau  she  really  is.  In  confirmation  of  this  fact  he  reauurked 
that  ev^en  when  the  planet  assumes  the  fprm  of  a  very  slender  crescent,  she 
appeal's  round  like  any  other  star,  her  true  figure  being  masked  by  thfi 
effulgence  of  her  irradiation.  On  the  other  band,  whea  she  appears  pro- 
jected on  the  luminous  surface  of  the  sun,  she  ought  to  exhibit  a  come- 
BpondJng  diminution  of  magnitude,  from  tbo  irmdiation  of  the  solar  light 
encroaching  everywhere  upon  her  disk.  Upon  these  grounds  he  con- 
tended that  the  planet  ought  to  appear  considerably  less  on  the  solar  dia^ 
than  she  does  in  any  other  position*. 

In  his  "  Discourse  upon  Comets,"  he  finds  occasion  to  refer  to  the  im- 
diation  of  light  in  refuting  an  argument  used  by  his  opponents^  vtbicb  w»s 
baaed  upon  an  absurd  opinion  respecting  the  theory  of  the  tel^copef.  It 
vas  contended  that  comets  are  very  remote  bodies,  because  when  viewed 
ill  the  telescope  they  did  not  exhibit  any  sensible  enlargement.  This 
fallacy  was  suggested  by  the  analogy  of  the  fixed  stars,  for  as  these  hodiei 
did  not  appear  sensibly  enlarged  in  the  telescope,  aud  at  the  same  time  wen 
well  known  to  be  very  remote,  so  it  was  hastily  concluded  that  the  small 
effect  produced  upon  their  appearance  iti  the  telescope  was  due  to  thmr 
great  distance.  Galileo  demonstrated  by  an  appeal  to  experiment,  and  bj 
reasoning  of  invincible  force,  that  the  element  of  distance  did  not  exercise 
the  slightest  influence  on  the  enlargement  of  an  object  seen  tbroogh 
the  telescope  *.  The  fact  that  some  bodies  were  enlarged  in  a  greatei 
degree  than  others,  was  ascribed  by  him  to  the  irradiation  of  light  The 
telescope  in  most  cases  deprives  tiie  body  of  the  false  light  arising  from 
this  cause,  so  that  although  it  does  not  fail  to  enlarge  the  real  angulir 
ditnenaiona  of  the  body  in  the  proportion  of  the  magnifying  power,  the 
spurious  diminution  may  so  far  neutralise  the  actual  enlai"gennent,  that  t!i« 
appearance  presented  by  the  body  in  the  telescope,  may  not  differ  sensililjr 
from  that  which  it  exhibits  to  the  naked  eye.  It  is  to  be  remarked,  how- 
ever, that  the  irradiation  exhibited  by  an  object  to  the  naked  eye,  depends 
upon  the  darkness  of  the  grouui  upon  which  it  appears  projected  ;  while  oa 
the  other  hand,  since  it  its  tlie  object  itseif  freed  from  irradiation  that  we 
perceive  in  the  telescope,  its  aspect  will  not  be  affected  in  this  case  by  the 
ground  of  projection.  Hence  the  apparent  magnitude  of  a  star  will  vary  to 
the  naked  eye  with  the  obscurity  of  the  heavens,  while  in  tlic  telescope  it  mil 
not  undergo  any  change.  As  an  illustration  of  the  truth  of  this  remark. 
Galileo  cites  the  case  of  Sirius,  the  brightest  star  in  the  heavens.     A  few 


*  Opere  di  GaL,  torn,  li.,  p.  120 ;  Istoria  e  Dimostrazioni  intomo  die  Maccbw  Sv- 
Uri,  p.  1 10. 

t  Dticorso  delle  CometL^  di  Mario  Guiducei,  Firenze,  1619.  This  diaaerlatloq  upea 
comelt,  althdui^h  professi>d|y  written  by  Guiducci,  W9S  well  knoisn  at  the  lime  of  its  nu^ 
tication,  to  have  proceeded  fj-om  the  pen  of  Cntileo,  acid  it  bat  always  been  included  is 
the  BUcce^slve  cdtiiDni  of  tbe  cmnplete  works  of  the  illustrious  philosopht^r, 

t  The  following  pgsjajfc  referring  to  thli  principle,  may  Eerve  to  illiistrale  G4Uleo'« 
mode  of  cxpaitDg  the  fallacici  of  his  oppunciilB:^"  Place  nn  opaque  di»k  at  a  ccrtttft 
distance,  and  direcily  behind  it,  but  fr>ur  or  Bit  tinier  farlJier  ofT,  ptacc  a  while  di«k  of  ta 
tiiu<!|]  greater  dimciiwoiiB  than  the  other,  as  juat  to  allow  its  circumference  to  be  ttea 
like  a  white  ring.  Now,  jf  the  telescope  be  directed  to  the  two  diiLi,  it  ought  to  follow, 
if  the  more  remote  disk  be  magnified  iti  a  leu  proportion  than  the  newer  onc^  ihM  iht 
former  will  be  altogether  cotrered  by  the  latter,  and  the  rltig  will  totally  disappear.  Hencet 
by  applyinpf  ihc  same  ri^asonin^  to  eclipses  of  the  tun,  H  tnlgbt  happen  that  an  edipw 
which  would  apjjpar  parti.il  lo  the  naked  eye,  would  t*ecome  total  bv  viewing  it  rbniusb 
the  telescope ;  ta  ihtti  while  with  the  optical  insitrument  we  found  ounelvei  plungied  in  the 
darkneta  of  night,  we  should  bo  enjoying  the  brightnen  of  daylight  with  the  uaiMsled 
eye  I" — Opfre  di  Gnl.,  torn,  ii.,  p.  2ih  J^isiiffno  deUt  Cometr,  p.  36, 
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Before  fiuTidse  it  does  not  appear  much,  larger  in  tlie  telescope  than 
when  viewed  with  the  naked  eje.  As  the  approaching  sun,  liowever, 
begins  to  chase  away  the  darkness  of  night,  the  star  appears  loss  and  less 
to  the  naked  eye,  until  at  leogth.  when  the  sun  is  about  to  ascend  above 
the  horizon,  it.  dtnodles  to  a  mere  point  of  light,  and  tlien  disappears. 
On  the  other  hand,  during  all  this  time  the  star  constantlj  ex:hibics  the 
Mme  magnitude  in  the  tekscope*. 

G^IileD  makes  some  interesting  remarks  on  irradiation  in  his  letter  to 
Giienbei^r,  on  the  subject  of  the  lunar  mountains f.    It  had  been  asserted 
ihat,  as  the  fidl  moon  alwaja  presented  a  well-defiued  outline,  whether 
vhen  viewed  with  the  naked  eye  or  through  a  telescope,  it  wab  iaipossible 
thai  there  could  exist  any  inequalities  around  her  circumference.    Galileo, 
bowerer,  maintained  that  the  irradiation  of  the  moon's  light,  by  obliterat- 
ing anv  asperities  arouud  her  edge,  might  effectually  conceal  the  real-l 
naiure  of  that  part  of  her  surface.     With  respect  to  irmdiation  generally, 
he  remarked  that  it  increases  with  the  brightness  of  the  object.     It  ia 
Ibm  this  cause  that  the  planets  near  the  sun  have  a  greater  irradiation 
than  those  that  are  more  remote.     So  intense  is  the  irradiation  of  Mer>{ 
citry,  that  it  is  impossible,  even  mth  the  most  powerful  telescope,  to  de^ 
prive  him  of  his  brilliant  corona,     Tiie  same  is  true,  though  in  a  less  I 
degree,  viiih  rei^pect  to  M&ta.     On  the  other  hand,  Jupiter,  and  especially 
Saturn,  heing  more  feebly  illuminated  by  the  solar  light,  lose  their  irradi-  \ 
fttion  itijthe  telescope,  and  disclose  their  true  figures.     With  respect  toj 
Venus,  when  she  is  uear  her  inferior  conjunction,  she  resemhlaa  the  newl 
moon,  but  such  in  the  intensity  of  her  irradiation,  that  she  appears  to  the 
naked  eye,  like  any  other  star.    In  this  position,  however,  as  the  extent  of 
the  illuminated  surface  is  small,  and  the  light  is  at  the  same  time  enfeebled 
by  the  obliquity  of  the  surface,  it  is  possible,  by  means  of  a  telescope,  to 
discem  the  real  appearance  of  the  planet.     When,  however,  she  is  near 
ber  saperior  conjunction,  she  presents  a.  complete  hemisphere  of  Ti?idJ 
loAt  towards  the  earth,  of  such  inteni^ity,  il^t  even  the  most  perfect^ 
tefescope  does  not  sufBco  to  destroy  her  irradiation,  and  reveal  to  us  her' 
true  figure, 

Galileo,  therefore,  contends  that  since  the  eOect  of  irradiation  is  s»-^ 
great,  as  to  conceal  from  the  unaided  eye  the  immense  cavity  of  Venua 
irhen  she  assumes  the  form  of  a  crescent,  it  is  much  more  probable  that 
eren  the  telescope  will  fail  so  completely  to  efface  the  irradiation  of  the 
moon,  as  to  disclose  the  small  eminences  and  cavities  which  may  be  situate 
near  ihe  edge  of  her  disk,  With  the  view  of  illustrating  the  fact  that  the 
irradiation  of  objects  whose  apparent  magnitude  is  small,  may  produce  so 
rtroug  an  effect  as  totally  to  obliterate  any  asperities  of  outline,  he  de- 
scribes the  following  experiment :— Take  a  thin  plate  of  metal  in  which  are 
inMiied  two  chinks,  the  one  with  smooth  and  the  other  with  rugged  edges. 
Let  the  piece  of  metal  be  illuminated  behind  by  a  brilliant  light,  and  let 
the  observer  place  himself  in  front,  the  only  light  Bcceasible  to  him  being 
that  which  is  transmitted  through  the  chinka.  If  he  view  the  piece  of 
metal  at  onl^f  a  short  distance,  the  asperities  of  tlie  rugged  chink  will  he 
etsily  perceptible  to  the  naked  eye.  If  he  remove  to  a  distance  of  a 
bundred  or  a  hundred  and  fifty  paces,  the  asperities  cease  to  be  visible  to 
tlie  naked  eye,  but  tliey  may  still  be  discovered  by  the  aid  of  the  telescope. 
Fhially,  if  he  view  the  piece  of  metal  at  a  distance  of  about  a  mile,  the 

Ofiere  dl  Gal.,  torn,  ii.,  p  219  et  apt  f  Ibid.,  lom.  ii„  p.  4)9  H  teq. 
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asperities  of  the  rugged  chink  will  no  longer  be  dist^rnibld  tven  with  n 
telescope,  ao  that  the  edges  of  both  chiuks  will  assume  the  same  smooth- 
ness of  oatliue. 

Galileo  remarked  on  frequent  occasions,  that  irradiation  produced  a 
more  aensible  effect  according  as  the  apparent  magnitude  of  the  object 
■was  less*.  This,  indeed,  is  munifest  to  auy  person^  when  it  i*  consid«;rei 
that  the  false  light  arising  from  irradiation,  being  the  same  nr-batever  be 
the  magnitude  of  the  ohject,  cannot  fail  to  affect  small  objects  in  a  greitet 
degree  than  large  ones;.  It  was  upon  this  ground  he  explained  the  faot 
that  Tvhile  the  aispect  of  the  stars  varied  with  the  obscqritj  of  the  hea^'etii, 
the  moon  continued  to  retain  the  same  apparent  nwtgnitude,  whether  seen 
in  the  brightnoss  of  noou  or  in  the  darknesa  of  midnight. 

With  respect  to  the  cause  of  irradiation,  Galileo  imagined  it  to  re«idi! 
in  the  eye,  but  he  does  not  seem  to  have  entertained  a  very  decided 
opinion  with  respect  to  its  mode  of  operation.  In  his  "  Discourse  upon 
Comets  "  he  conceived  the  irradiation  of  luminous  objects  to  arise  from 
the  refraction  of  the  rajs  of  light  by  the  humours  diffused  over  the  eyef. 
In  his  Dissertation,  entitled  "  II  Saggiatore,"  ha  enterainore  fully  into  ih« 
siLine  questiou.  It  bad  been  supposed  by  some  persons,  tbat  irradiatian 
waa  occasioned  by  objects  illuminating  the  surrounding  air,  90  that  clu 
eorontp  of  light  tbus  formed  were  confounded  with  the  objects  themselv«. 
Galileo  admits  tbal  when  the  sun  or  moon  are  near  the  horizon,  the? 
illuminttte  the  vajjours  through  which  they  are  seen;  but  he  denies  th»t 
tbo  illumination  is  so  intense  as  to  render  the  vapours  liable  to  be  eoa- 
fouuded  with  the  actual  disks  of  eitlior  of  tlios;e  bodies.  He  then  remarks, 
tbat  the  refraction  of  the  moisture  diffused  over  the  eyes.  Muses  i 
luminous  appeanuice  to  surround  the  object,  but  being  very  feeble,  com- 
pared with  the  original  light,  it  does  not  affect  the  apparent  magnitude. 
It  will  be  seeu  timt  he  here  disavows  the  opinion  previously  enter- 
tained by  him,  to  the  effect  that  irradiation  proceeded  wholly  from  refrtc- 
tioD.  He  now  considers  the  irradiation  of  luminous  obie^^ts  to  arise  from  tlie 
rays  of  light  being  reflected  by  the  extremities  of  the  eyelids,  and  th*n 
being  diapersed  over  the  pupils  J.  He  reproduces  this  opinion  in  bis 
faraons  "  Dialogues  on  the  System  of  the  World. "§  but  in  a  sabsequeat 
part  of  the  same  work  he  ascribes  the  phenomena  of  irradiation  to  cither 
of  the  two  causes  he  had  already  assigned,  or  to  some  other  uuknova 
cause  residing  in  the  eye  {]. 

The  irradiation  of  luminoua  objects  being,  according  to  Galileo,  attribut- 
able to  some  ocular  cause,  it  was  clear  that  phenomena  of  this  nature 
could  not  be  affected  by  the  magnifying  power  of  the  teleiicope.  He  ex- 
plained by  this  principle  the  fact  that  the  irradiation  generally  disappeared 
when  the  object  was  viewed  through  a  telescope,  the  spurious  light  beiog 
masked  by  tlie  enlargement  of  the  apparent  dimensions  of  the  object- 

The  sa^city  with  which  Galileo  discusses  the  subject  of  irradiation, 
cannot  be  sufficiently  admired.  The  least  satisfactory  part  of  liis  specula- 
tions  is  that  relating  to  the  physical  cause  of  the  phenomenon-  It  most 
be  acknowledged  tliat  his  views  on  this  point  are  very  obacure  and  vague. 
The  reader  cannot  fail  to  remark  that  he  concuK  with  Kepler  in  placing 
the  Bource  of  irradiation  in  the  eye. 

*  Opere  di  Gal.,  [om.  ii.,  p.  350 ;   Ibid.,  torn.  iv>.  p.  24i 

t  Ibid.,  iDm,  ii.,  p.  3*23  ;  Discoreo  dette  Conictc,  p.  32. 
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Otsaendi  is  the  nmrt  pereon  vlio  occupied  his  atteotion  witli  the  subject 
ef  Use  irradifttioD  of  light.  Tliia  philosopher  entertained  rerj  erroneous 
TWVB  respecting  the  phjsical  cause  of  irradiation,  but  be  made  some  into- 
nating eiperimenta  for  the  purpose  of  ascertaining  the  laws  by  which  it 
i«  regulated.  In  order  to  ascertain  the  effect  produced  upon  the  enlarge- 
nii^t,  aecordlng  as  the  field  upon  which  the  luminous  ohjeet  appeared  be- 
cnDd  brighter,  he  measured  the  succesaiv©  magtiitudea  of  the  moon 'a  ap- 
pcmit  diameter,  as  risible  to  the  niiked  eye,  from  midnight  till  noon,  and 
obttiined  the  following  results,  At  midnight  the  apparent  diameter  waa 
fooffld  to  be  38';  at  dawn  it  was  36^';  in  clear  daylight,  34*';  after 
the  eon  arose,  but  before  he  had  eruerged  aboive  the  vapours  of  the 
liorizoDj  S-iV;  at  mid-daj,  when  tho  eun  ahone  with  all  his  aplendour, 

Descartes,  in  bis  Dioptriat,  published  at  Leyden  in  1637.  at  length  gave 
Qie  explanation  of  irradiation  which  ig  now  generally  received.  He  aup^ 
VdMd  that  the  extremidea  of  the  fibres  of  the  optic  nerve,  though  email, 
nsre  some  magnitude,  and  that  in  consequence,  the  impression  produced 
fcjr  etcb.  pencil  of  rays  which  converged  upon  the  retina,  had  a  tendency 
Id  propagate  itself  to  a  certain  distance  on  all  aides,  although  it  \rou1d  be 
Mgest  at  the  point  where  the  rays  converged.  When  the  light  of  the 
Ijjeet  was  feelde,  the  irapres&iou  might  practically  be  supposed  to  be  con- 
'  to  the  central  point :  but  in  the  case  of  very  bright  objects,  the  im- 
'fa^  of  the  rays  might  be  so  intense  aa  to  make  the  lateral  irapreBsion 
Terr  sensible.  It  followed  as  an  obvioua  consequence  of  this  mode  of 
▼iewtng  tlie  subject,  that  flit  luminous;  bodies  would  appear  somewhat 
tiUarged  beyond  their  true  apparent  dimensiouia. 

Newton,  having  discovered  the  unequal  refrangibility  of  light,  did  not 
M  to  perceive  that  the  aberration  arising  from  this  cauae  alone,  would 
liave  tb^  effect  of  vitiating  all  observations  of  the  apparent  magnitudes 
cf  l)odii»,  as  seen  through  telescopes.  In  fact  the  rajs  of  different  coloui^ 
beloDgiog  to  each  pencil  of  fight,  instead  of  converging  to  a  point  by  the 
refniction  of  the  object-glaas  of  the  telescope,  were  so  dispensed  as  to 
ttiome  the  appearance  of  a  Hmall  coloured  circle  at  the  focus,  and  benca 
obrioasly  would  arise  an  enlargement  of  the  image  beyriud  its  true  niagni- 
tttde.  NewtOQ  rcnmrkcd  that  the  enlargement  arising  from  the  unequal 
refimogibillty  of  light  would  be  less  according  as  the  focal  length  of  the 
Idascope  was  increased,  In  the  Frincipia,  he  states  that  the  apparent 
ter  of  Jupiter,  at  his  mean  distance  from  the  earth,  was  found  by  the 
of  Hayghena*  telescope  of  123  feet  focal  length  to  he  3y";  while,  on  the 
er  band,  its  value  deduced  from  the  limes  of  the  satellites  crossing  the 
planet's  dbk,  amounted  only  to  B7Y',  He,  therefore,  concluded  that  the 
atic  nherration  of  the  telescope  was  somewhere  about  3".f  Hence 
reference  to  the  apparent  diameter  of  Saturn,  which  was  found  by 
of  the  same  telescope  to  be  1 8",  he  remarks  that  "  if  all  faltse 
light  bo  rejected,  the  diameter  of  the  planet  will  not  remain  greater 
than  Ifl'^": 
It  ia  remarkable  tliat  Newton  makes  no  allusion  to  irradiation  m  the 
of  his  enquiries  relative  to  the  true  apparent  diameters  of  the 
.     It  is  dJQjcult  to  say,  whether  bis  sileuce  arose  from  an  absolute 

*   Opera  OiQDia,  tcim.  lii.,  p,  395 ;  Flor.,  1727. 
f  Prin^,  IJb.  fii.,  PheBpra,  i. 
X  Pria.,  lib.  iii.,^  Pbenom.  ii. 
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diabelief  in  the  existence  of  anirenliirgeineiit  arising  from  this  cause, 
or  from  an  impression  that  the  enlargement,  which  generally  appeared  les» 
in  the  teleEcope,  was  in  the  presant  instance  totally  inappreciable,  in  couse- 
quence  of  the  immense  focal  length  of  the  i0strunjeat  bj  the  aid  of 
which  the  measurements  were  effected.  But  wlmtever  may  have  been  the 
opinion  of  Kewton  on  this  point,  it  is  certain  that  after  his  discoveiy  td 
the  unequal  refrangibility  of  light,  the  subject  of  irradiation  ceased  to  as- 
sume  the  same  degree  of  importance  which  induced  Galileo  so  repeatedly 
to  refer  to  it  in  tlie  coarse  of  hia  researches,  its  eflecta  being  for  a  long 
time  confounded  with  those  depending  ou  the  aberration  of  the  telescope. 

The  phenomeua  exhibited  during  the  transits  of  Venus  across  the  sim's 
disk  in  the  years  17S1  and  17(19,  had  the  effect  of  again  directing  the 
attention  of  astronomers  to  the  subject  of  irradiation,  Lalande  found  by 
calculations  based  on  the  times  which  Venus  actually  occupied  in  crossing 
the  suu'a  diskduriug  the  transits  of  ITGI  and  1760,  that  the  apparent  (^ 
meter  of  the  8un,  as  assigned  by  the  solar  tables^  was  too  great  by  ti"  or  7" '. 
Du  S^jour  was  conducted  to  the  same  result  by  his  elaborate  researches  on 
the  annular  eclipse  of  1764.  He  found  that  the  observations  qf  the  eclipse 
could  not  be  satisfied,  except  by  supposing  that  the  apparent  diameter  of 
the  Buu,  as  deduced  from  the  solar  tables,  was  too  great  by  0"  or  C.G,  ac* 
cording  as  the  tables  of  Clairaut  or  those  of  Mayer  wero  enaployeit. 
Lalande  seems  disposed  to  consider  the  enlargement  of  the  solar  diameter 
as  due  to  the  aberration  of  the  telescope.  Du  Stjjour  applies  the  tern 
irratiiathn  to  the  eulargement,  asserting,  however,  at  the  same  time,  Uut 
he  does  not  mean  thereby  to  announce  any  opinion  respecting  its  pbysiol 
origin. 

In  J  783,  while  Sir  William  Herschel  was  engaged  in  a  series  of  experi- 
ments for  the  purpose  of  detorminiug  the  apparent  diameter  of  the  plinet 
he  had  recently  discovered,  he  noticed  an  interesting  fact  illustratiTe  of 
the  irradiation  of  light.  The  method  he  employed  for  measuring  the 
planet  B  disk  consigted  In  comparing  its  image  as  seen  through  a  telescope 
with  an  artihcial  lucid  disk,  formed  by  making  a  circular  aperture  in  paste' 
board,  and  covering  it  with  transparent  paper  illuminated  behind  bv  n 
flame.  The  image  of  the  planet  was  observed  in  tlie  telescope  with  di« 
right  eye,  while  the  lucid  disk  was  viewed  directly  vvitli  the  left,  its  di*' 
tance  being  made  to  vary  until  it  appeared  exactly  of  the  same  si^e  tt 
the  image  in  the  telescope.  Hence,  the  linear  diameter  and  dist 
of  the  artificial  disk  being  known,  it  was  easy  to  deduce  its  api 
diameter,  and  by  combining  this  datum  with  the  magnifying  power  of 

instrument,  the  apparent  diameter  of  the  plsjietwas  also  readily  ascertait 

In  order  to  ensure  an  accurate  comparison  of  the  disks,  Herschel  pre- 
pared a  series  of  circles,  varying  in  diameter  from  Q^  to  5  inches,  aai 
increasing  succes&ively  by  tenths  of  an  inch.  He  remarked*  that  ajb 
brightness  of  the  image  in  the  telescope  varied  with  the  altitude  of 
planet  and  the  magnifying  power  of  the  instrument,  so  it  was  necessiiijjii 
these  experiments,  to  alter  in  a  corresponding  degree  the  brightness  of 
the  lucid  disk,  for  he  found  that  tbe  magnitude  of  its  apparent  diameier 
was  very  sensibly  affected  by  this  cause.  In  fact,  having  placed  several 
of  the  artiGcifll  disks  togetlier  and  illuminated  them  at  the  same  lime, 
he  found  that  a  very  small  quantity  of  additional  light  was  nece^mry,  ia 
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Older  to  cau&e  one  of  the  disks  to  dl0er  in  magnitude  by  one  or  «v^n  two 
latths  of  an  mch  *. 

Df  BobinsoD,  in  a  paper  communieated  lo  the  Astronomical  Society  in 
1831,  gires  an  interesting  account  of  some  experiments  which  he  made 
for  the  purpose  of  ascertaining  tbo  amount  of  iutluence  exercised  bj  irra'i 
diation  on  the  apparent  diameters  of  the  sun  and  moon  f .  The  method 
be  employed  consisted  in  observing  lucid  disks  of  different  magnitudes, 
lad  me^uring  tlicir  apparent  diametets  ivhen  subjected  lo  different 
icgnes  of  illumination.  A  slip  of  brass  with  a  small  circular  hole  in  it 
«&a  placed  in  the  focus  of  an  aLiject-glus.^,  and  the  hole  b^iiig  illuminated 
W  i  lamp  placed  behind  it,  was  then  viewed  through  Ihe  obJect-gla$s  by 
means  of  a  telescope  directed  to  it.  By  this  contrivnnce  the  image  of  the 
bole  eeen  in  ihe  telescope  was  rendered  similar  to  that  which  wouid  have 
been  formed  by  a  remote  olject  like  the  6un  or  raoon,  aince  the  rays 
rf  light  tnwismitted  through  the  hole  emerged  in  parallel  directions 
tnm  the  object-glass.  On  looking  ihrongh  ihe  telescope,  the  aperture 
iBlKd  the  appearance  of  a  luminous  disk  ubont  17'  iu  diameter ;  but,  on 
iBtetpoetng  &  slip  of  oiled  paper  between  it  and  the  lamp,  it  a^^nmed 
imaetl  duller  appearance,  resembling  the  a'^pcct  of  the  moon  in  a  dense 
log.  In  lhi&  state  Dr.  Robinson  brought  the  \vires  of  the  micrometer  60 
ts  to  be  tangents  to  tlie  disk ;  and  then,  baviug  caused  the  oiled  paper  to 
be  remoTed,  he  instnnily  &mv  the  oppo&ite  segments  of  the  disk  extend 
beyond  ihe  wirea.  Bringing  the  latter  again  into  a  tangential  posttton 
nith  respect  to  the  disk,  he  determined  the  apparent  diameter  anevtr,  the 
excess  of  which  over  the  previous  measure  manifestly  gave  him  twice  the 
breadili  of  the  annular  enlargement  arising  from  the  tntt'eased  brightness 
'  : 'io  disk.     In  this  way  he  ohtniued  a  series  of  results,  tho  mean  of 

.  ..  indicated  an  irradiation  Amounting  to  about  *2.'^0.  He  repeated  tho 
experiment  vixih  apertures  of  ditfevent  apparent  diameters,  and  obtained  a 
ttntikr  result  in  each  cose.  Dr.  Kobinsou  was  induced  to  conclude  from 
lUf  flxperimenis  that  the  main  soui-ce  of  irradiation  is  in  the  eye:  at  the 
time  he  admitted  that  the  aberration  of  the  telescope  might  in  some 
contribute  to  the  apparent  enlargement  of  the  object.  The  tele- 
fleopes  which  he  employed  on  this  occasion  did  not  appear  to  he  affected 
by  any  sensible  aben'alion,  from  the  distJDctness  with  which  they  e.\- 
hibited  very  close  double  stars,  so  that  the  enlargement  indicated  by  his 
etpeiiiDents  must  be  considered  as  referable  almost  wholly  to  irradiation. 

Id  dtie  of  his  experiments  it  appeared  to  Dr.  lUibiuson,  that  the  bright- 
neas  of  the  lucid  disk  was  equal  to  that  of  the  sun  as  seen  in  his  transit. 
It  might  be  expected,  therefore,  that  the  irrndintion  would  be  nearly  tlie 
itatse  ill  both  cases.  The  experiment  gave  him  'i".S  for  the  difference 
between  the  least  and  greatest  apparent  diameters  of  the  disk.  This 
KMuIt  presenta  a  satisfactory  agreement  with  two  values  of  the  solar 
imdiation  deduced  from  astronomical  researches  of  a  more  recent  date 
than  those  of  Lalande  and  Du  Sejour  By  a  discussion  of  tho  transits  of 
Venae  in  the  years  1 761  and  17^9,  Encka  obtained  a  value  of  the  solar 
iiimeter  which  was  less  than  that  of  the  tables  by  i",i+0  f.  Wurui,  by 
■  similar  discussion  of  the  annulsir  eclipse  of  18i^0,  deduced  a  result  indi- 
ating  that  the  solar  diameter  of  the  tables  was  too  great  by  3",3-2  §. 

In  on©  of  his  experiments,  Dr.  Robinson  illuminated  the  field  of  view 

•  PliiL  Tian*..  1783,  p.  I,  el  ieq.  +  Uim.  A«t,  Soc,  vol.  t.,  p.  I,  et  ieq. 
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fof  the  puqioae  of  ftscertainiDi^  whether  an?  elfect  would  be  producel^ 
the  irradiation.  When  ihe  disk  was  in  its  state  of  greatest  illumtDal 
no  cbmijje  wiia  perceptible  ;  hut  on  turning  off  tho  light  from  iho  field  of 
view,  \vbcn  tlie  disk  was  oliscured  by  the  interposition  of  the  oil«d  paper,  t 
jaanirest  enlargement  was  imroodiatelj  apparent.  The  absence  of  aay 
sensible  enlargement  in  the  lirst  iiist^mce,  arose  dDnbtksa  from  the  circaffl< 
atance  of  the  brilliant  light  af  the  disk  efTectually  overpowering  the  fainter 
light  diffused  ov«r  the  field  of  view. 

As  it  appeared  evident  from  tbese  experiments  that  the  irradiatioa  d 
an  oi>J6cl  was  sensiblj  influenced  by  the  brightness  of  the  ground  on  wbidl 
the  oUject  was  prfijected,  Dr.  Robinson  iniHgined  that  its  effect  luigbr  hi 
eliminated  ahogetber  from  observations  of  the  sun  nnd  moon  by  sufficieBilj 
illuminating  the  field  of  view  of  the  teiescope.  To  effect  such  an  ilia* 
mination,  hovrever,  by  an  arliikial  process  was  absolutely  impossible,  when 
the  question  related  to  observations  of  the  sun,  iior  was  it  even  gonerslljr 
prncticable  in  the  case  of  the  moon.  Under  the»e  ci reams tauces.  Or. 
Bubin^on  hit  upon  the  ingenious  idea  of  illnminatitig  the  field  of  vievr  by 
deriving  the  light  from  the  lumiiiarT  itself.  To  pursuance  of  this  desiga 
he  proposed  to  cover  the  object-ghiss  of  the  telescope  with  a  semi-tniBi- 
parent  diaphrngm,  leaving  a  smaU  centml  aperture  to  admit  the  rtjf 
which  formed  ihe  imnge  at  the  focus,  while  the  restuf  the  diaphragm  Mnii 
to  BU  the  field  with  scattered  light.  This  method  vras  applied  by  Dr.  Bobitt' 
son  to  observations  of  the  sun,  and  the  results  obtained  by  him  in  a  fiw 
initaooes,  appear  to  have  been  very  satisfactory ;  the  value  of  the  tfAu 
diameter  determined  by  means  of  tbe  transit  instmiraent,  exceeding  only 
by  a  very  small  quantity,  the  value  assigned  by  the  tables. 

One  curious  fact  noticed  by  Br.  Boliinson,  in  the  course  of  his  experi- 
ments, is  ivorlhy  of  mention.    Having  examined  the  luminous  disk  wiilii 
double  image  mici-ometer,  he  was  surprised  to  find  that  the  contact  of  ihs 
two  images  was  not  affected  by  iJie  intensity  of  their  illumination.    He 
expressed  himself  as  somewhat   doubtful  of  the  result,  tbe  experitntnt 
having  been  hnstily  made.     It  would  appear,  however,  to  be  supported  bj 
experiments  of  a  similar  nature  made  by  other  astroiiomerg.     M.  Arag» 
had   previously   attemptod  to  ascertain   the  influeuce   of  irradiation  bj 
measuring  with   a   rock     crystal    micrometer  the    apparent   diameten 
of  luminous  disks,  and  then   comparing   them  with    the   corresponding 
rostihs  obtained  by  t-ombiniKg  the  absolute  diameters  nvith  the  distflooetl 
the  disks  from  the  eye;  but  in  all  such  experiments  he  found  that  the 
irradiation  was  inseusible.  even  when  the  illumination  of  the  disks  m 
more  intense  than  that  of  the  full  moon*.     A  similar  result  was  obtaindi 
by  lit.  Be-ssel  when  he  sought  by  means  of  his  great  heliometer  to  dlUr* 
mine  the  influence  of  irradiation  on  tbe  occasion  of  the  transit  of  iyiercary 
across  the  suus  disk  in  the  year  1^3i2,     Since,  iti  this  case,  the  effect  of 
irradiation  is  to  dikta  the  appareiit  diameter  of  the  sun,  and  diminish  that 
of  th«  planet,  it  is  not  difficnlt  to  sets  that  if  such  an  eflect  really  existed 
in  any  sensible  dogree^  the  luminnm^  thread  which  succeeds  ihii  first  in- 
terior contiict  of  the  two  bodifs  ought  to  acquire  imiantatiiomly  a  c«ruiii 
degree  of  bread tli  at  tbe  point  of  contact :  and  similarly  the  luminoo* 
thread  which  precedes  the  second  interior  contact  ought  to  exhibit  a  suddM 
rupture  at  the  point  of  contact  as  if  i>ome  protuberance  had  all  at  dOM 
been  formed  on  the  planet.     Bessel  was  unable  to  discern  the  eUgbiect 

•  Traits  d'Aatroaonie  Physique,  par  M,  Biot(  2'""  edit.,  Umfs  ii.,  p.  5S4. 
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itta  of  tither  of  these  pheiium«na  during  the  tmnsit  of  the  plftn«t 

referred  lo.    But  lie  obtained  a  still  more  unequivcMial  proof  that 

t  of  irmdiatiou  Ttan  insensible.     Since  tlie  first  interior  contact  of 

bodie«  is  indimted  by  tba  iudden  closing  togeiher  of  ih*  two 

laitiM  of  the  laminoiifl  border  of  tb*  guu.  wliil©  tbe  second  interior 

It  id  mfide  Apparent  bj  tlte  equallj  suddea  rupture  of  the  opposite 

it  is  manifest  ilmt  the  interval  of  time  included  between  tbe  ttro 

i  when  taken  in  conjunction  Viiih  tbe  relative  motion  of  iHb  pltinet, 

igned  by  the  tables,  will  senie  to  detenoine  the  apparent  diameter 

ffuu.     Now  Beasel,  by  employing  tliia  method,  arrived  at  a  re- 

lliich  coincided  exactly  with  that  obtiiined  by  direct  measurement  of 

rtar  diameter  with  a.  micrometer  during  the  transit  of  tlie  planet. 

Ins  it  appears  that  the  experiments  of  Begsel  concur  with  thnse  of  M, 

and  Dr.  fUibiuson  in  indicating  that  the  effect  of  irradiation  is  in* 

lie  vhen  tbe  instrument  employed  in  measuring  it  is  one  which  gives 

le  image  of  the  luminous  body.     We  shall  presently  have  occasion 

ition  that  experiments  of  this  nature  have  been  supposed  to  furnish 

articnlar  ilhwtrationB  of  a  general  law  affecting  the  irradiation  of 

tminous  objects  placed  in  juxtflpositioa. 

^e  year  lf*3(^  M.  Plateau  communicated  to  the  Royal  Academy  of 

is,  ttu  aliiboiate  memoir,  containing  an  account  of  a  variety  of  ex- 

^ta  performed  by  bim  with  the  view  of  elucidating  the  nature  and 

if  irradiation*.     A  very  simple  mode  of  exhibiting  the  enlargement 

I  fitim  this  cause  vras  devised  by  bim,     A  white  card  was  idivided 

U  rectangular  compartments,  by  drawing  two  parallel  lines  pretty 

to  each  other  down  the  middle  of  the  card,  and  then  bisecting  these 

bird  line,  drawn  at  right  angles  to  them,     The  middle  rectangle  in 

er  half  of  the  card,  and  the  broad  lateral  rectangles  in  the  lower  half, 

len  painted  black,  bo  tbut  there  ajipeared  in  the  middle  of  the  card 

cotnposed  of  two  parts,  tbe  one  black,  (in  the  upper  half  of  the 

projected  upon  a  white  ground,  the  other  white,  (in  the  lower  half,) 

led  upon  a  black  ground.     Thii  contrivance  manifestly  tended  to 

the  effect  of  irradiation  more  perceptible  ;  for  while  the  white  band 

lower  half  of  the  card  was  liable  to  dilate  from  the  encroachment  of 

ght  upon  the  black  ground,  the  black  band  in  tho  upper  hidf  wan 

X  liable  to  eonimct  from  the  encroaching  irrodintiou  uf  tbe  whits 

t>n  each  side  of  it.    The  card  being  placed  veriirnlty  near  a  window, 

to  be  well  exposed  to  the  U^ht,  vrajs  then  viewed  at  the  diatince  of 

yards,  when  the  effect  of  ismdiation  was  clearly  exhibited  by  the 

hand  in  the  middle  of  the  lower  half  appearing  aeniiibly  broadeir 

Iha  black  band  above  it.     The  following  are  tbe  more  important 

Iftlotia  to  vhicb  M.  plateau  was  conducted  by  his  experimental  re- 

Oti  the  KutijeGt  of  irradiation. 
rhe  quantity  of  irradiation  increases  with  the  brightness  of  the  ob- 
ktt  in  a  much  less  rapid  projiortion.     It  has  very  nearly  attained  its 
urn  when  the  brightness  is  equal  to  that  esthibited  by  the  northern 
of  the  sky, 

Two  irradiations  in  close  prosimity  lend  to  neutrnliae  eadi  piher.   The 
miha  arising  from  thia  cau$e  ts  greater  ii»  each  case,  as  the  interval 

the  luroinoui  objects  is  leas, 
th%  quantity  of  irradialion  augments  with  the  time  of  eontemplatitig 

•  Nouv,  Mita,  Ac  l'Afa4.  Royul  de  Bruxdtel,  tome  xi.,  p.  1,  el  wtj, 
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for  the  purpc^so  of  ftscertniniTig  whether  anj  efitect  would  be  produced  tn 
tiie  irradiation.  Wlien  iho  di&k  wm  in  iLs  state  of  greatest  illumination 
no  cbtitige  vitta  perceptible;  but  on  turniitg  oUt  the  liglu  from  tbo  field  of 
view,  when  the  disk  was  obscured  hj  the  interposition  of  the  oil«d  paper,  t 
manifest  enlftrfjeinent  was  immediately  appttrenL  The  absence  of  Mf 
sensible  enUrgement  in  the  tirst  insinnce,  arofle  doabtleas  from  the  cireiUB'^ 
stance  of  the  brilUaiU  ligUt  uf  the  disk  elFectualljir  overpowering  theiaiiitir 
light  diffused  over  the  field  of  view- 
As  it  appetii'ed  evident  from  tbead  experiments  that  the  irraiiatictii  (ftf 
an  oVvject  was  sensibly  iiiHuenced  by  the  brightness  of  the  ground  on  which 
the  object  was  projected,  Dr.  Robinson  imagined  that  its  effect  might  bl 
eliminated  ahogetber  from  observations  of  the  sun  and  moon  by  sufficienilj 
illuminatiug  the  fieJd  of  view  of  ihe  telescope.  To  effect  such  an  ilia- 
raination,  however,  by  nn  artificial  process  tras  absoliiiely  impossible,  vhm 
the  questtoti  reliited  to  ubservatious  of  the  sun,  nor  was  it  even  geaenllj 
practicable  in  the  case  of  the  moon.  Uuder  thene  circumstaucet,  Dr, 
Eobinson  bit  upon  the  ingenious  idea  of  illuminating  the  field  of  vievby 
deriving  the  light  from  the  ImninBry  itself.  Id  put^uance  of  this  design 
he  proposed  to  cover  the  object-glass  of  the  telescope  with  a  setui-tno^ 
parent  diaphmgrn,  leiivitig  a  smull  ceiitjul  aperture  to  admit  the  rtd 
which  formed  ihe  imnge  at  the  focus,  while  the  r^stuf  the  diaphragm  served 
to  flH  the  field  with  scattered  light.  This  method  was  applied  by  Dr.  Bobin* 
son  to  obserx'ations  of  the  sun,  ai^d  the  results  obtained  by  him  in  •  f«v 
instances,  ftp  pear  to  have  been  very  satisfactory ;  the  value  of  the  aolsr 
diameter  determined  by  means  of  tlte  transit  instrument,  estceeding  onlf 
by  a  very  small  quantity,  the  value  assigned  by  the  table*. 

One  curious  fact  no:iced  by  Dr.  Robiuaon,  in  the  course  of  his  etperi' 
ments,  is  norlhy  of  mention.  Having  examined  the  luminous  disk  witbi 
double  image  tnrcrometer,  he  was  surprised  to  find  that  the  contact  of  th9 
two  images  was  not  affected  by  the  intensity  of  their  illumination.  Hi 
eipresHcd  himself  as  somewhat  doubtful  of  the  result,  the  experincit 
having  been  hastily  mnde.  It  would  appear,  however,  to  be  supported  by 
experiments  of  a  similar  nature  made  by  other  lastronomers.  M.  Ange 
had  previously  attempted  to  ascertain  the  influence  of  irradiation  bf 
measuring  with  a  rock  crysital  micrometer  the  apparent  diatneteii 
of  luminous  disks,  nod  then  comparing  ibem  with  the  correspooding 
resvihg  obtmned  by  combining  the  absolute  diemelers  with  the  distnnMof 
the  disks  from  the  eye;  but  in  all  such  experiments  he  found  that  the 
irradiation  was  insensible,  even  when  the  illumination  of  the  dkkt  «!• 
more  infense  ihsn  that  of  the  full  moon  *.  A  similar  result  was  (»btaiit«J 
by  M.  Bessfjl  when  he  sought  by  means  of  his  great  hdiometer  to  dtlir- 
mme  the  influence  of  irmdiation  on  the  occasion  of  the  transit  of  Merearf 
across  the  suue  disk  in  the  year  1H32.  Since,  in  this  rase,  the  efifeetn 
irradiation  is  to  dilate  the  apptirent  diameter  of  the  sun,  and  diminish  tlul 
of  the  planet,  it  h  not  difficult  to  scu  that  if  such  an  effect  really  Cllutd 
in  any  setis^ible  degree,  the  laminous  thread  which  succeeds  thu  fiitl  in- 
terior contact  of  the  two  bodies  ought  to  acquire  visiatUnn^omly  a  eeriiis 
degree  of  breadth  at  the  point  of  contact;  and  similarly  the  luoiiooui 
thread  which  precedes  the  second  interior  conlaci  ought  to  exhibit  a  soddeo 
rupture  at  the  point  of  contact  as  if  some  proiuberanee  had  all  atOUM 
been  formed  on  the  planet,     Bessel  was  unable  to  discern  the  sligbl<«l 

•  Trait*  d'Ailroaomie  Phyrique,  pv  M.  Bietj  2**"*  edit,,  tome  iL,  p,  5S*. 
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iti4iefttii0il  of  either  of  thesd  phenomena  during  the  tmnsit  of  the  placet 
ibofe  referred  to.  But  he  obtained  a  still  more  unequivocal  proof  that 
tliA  effect  of  irrtdiatioa  was  irisensiUs.  Since  the  first  interior  contact  of 
die  two  bodies  is  indicated  bj  the  sadden  closing  logeiher  of  the  two 
ettramities  of  the  lunnooua  border  of  the  euii,  while  the  second  interior 
aofltjict  is  Tnade  apparent  by  the  equal  lir  sudden  rupture  of  the  opposite 
border,  it  is  tnanifest  that  the  interval  of  time  included  between  the  two 
Mtttaots  when  takeu  in  conjunction  with  the  relative  niotiDH  of  the  phmet, 
II  issigued  by  the  lablea,  will  serve  to  determine  the  apparent  diameter 
rf  the  8U11.  Now  Bessel.  by  employing  this  method,  arrived  at  a  re- 
lilt  whieh  coincided  exactly  -with  that  obtained  by  direct  measurement  of 
tbs  solar  diameter  with  a  micrometer  duririR  the  transit  of  the  planet. 

Thus  it  ttppearg  that  the  experiments  of  Bessel  concur  with  those  of  M. 
An^  fttid  Dr.  Bobiuaon  in  indicating  that  the  eflect  of  irradiation  is  in< 
aeoffible  when  the  instrument  employed  in  meaiiuring  it  is  one  which  gives 
•  doable  image  of  the  lominous  body.  We  shall  presently  ha%'o  occasion 
VO  mention  that  experiments  of  this  nature  have  been  supposed  to  furnish 
(wly  particular  illiLHtrations  of  a  general  law  affecting  the  irradiation  of 
two'  lominous  object'^  placed  in  juxtaposition. 

In  the  year  1h8H  M,  Plateau  communicated  to  the  Royal  Academy  of 
Bni'sel*.  an  elaborate  memoir,  containing  an  account  of  a  variety  of  es- 

C'nmeots  performed  by  him  with  the  view  of  elucidating  the  nature  and 
«•  of  irradiation  *.  A  very  simple  mode  of  exhibiting  the  enlargement 
trisiiig  froca.  this  cause  waM  devised  by  him.  A  white  card  wn^  divided 
iate  tix  rectangular  compnrtmenti,  by  drawing  two  parallel  lines  pretty 
close  to  each  other  down  the  middle  of  the  card,  and  then  bisecting  these 
hf  a  third  line,  drawn  at  right  angles  to  them.  The  middle  rectangle  iu 
lite  opper  half  of  the  card,  and  the  broad  lateral  rectangles  in  the  lower  half, 
«tfe  laeii  painted  btach,  so  that  there  ajipeaj'ed  in  the  middle  of  the  card 
a  b^nd  composed  of  two  parts,  tlie  one  black,  (in  the  upper  half  of  the 
tuA.)  projected  upon  a  white  ground,  the  other  white,  (in  the  lower  half,) 
pfi^eeted  upon  a  black  ground.  This  contrivance  manifestly  tended  to 
WDder  the  effect  of  irradiation  more  perceptible ;  for  while  the  white  band 
il  tbe  lower  half  of  the  card  was  liable  to  dilate  from  the  encroachment  of 
tlie  light  upon  the  hiack  ground,  the  black  hand  in  the  upper  Imlf  was 
f^o^?  liable  to  contract  from  the  encroaching  irradiation  of  the  white 
H^l  on  each  side  of  it.  The  card  being  placed  vertically  near  a  window. 
m  a»  ta  he  well  exposed  to  the  light,  was  then  viewed  at  the  distance  of 
i  few  jtLtd'*.  when  tiie  effect  of  iimdiatinn  was  clearly  exhibited  by  the 
«1iita  bajul  in  the  middle  of  the  lower  half  appearing  scn.sibly  broader 
^iB  tho  black  hand  above  it.  The  following  are  the  tnore  important 
eodelufttotiS  to  wliicb  M.  Plateau  was  conducted  by  his  experimental  re- 
mrtlies  on  the  subject  of  irradiatiou. 

I'  The  iTjuanlity  of  irradiation  increases  with  the  brightness  of  the  oh- 
jtct,  but  in  a  much  less  rapid  projKirtion.  It  has  very  nearly  attained  its 
BAximum  when  the  brightness  is  equal  to  that  exhibited  hy  the  northern 
lYgioti  of  the  sky. 

Si*  Two  irradiations  in  close  proximity  tend  to  neutralize  each  other,  The 
jimtnatioti  arising  from  this  cause  is  greater  in  each  case,  m  the  iotorvAl 
between  the  luminous  objects  is  less. 

If  The  quantity  of  irradiation  augraents  with  the  time  of  contemplating 


*   Nouv.  Miffl.  dc  i'Acfid.  Roj-nl  de  BruiicllFt,  toioe  xi.,  p.  1.  ettei^, 
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the  object.     It  13  dififerent  for  different  individuals,  and  for  the  same 
individual  it  varies  from  one  day  to  jiiiother. 

4°  When  an  obj,act  is  viewed  through  a  telescope,  the  apparent  enlarge- 
ment exhibited  by  it  arises  frqai  two  distinct  causes,  vi^.,  ocular  irradiation, 
and  the  aberration  of  the  telescope.  The  part  due  to  ocular  irradiation  de- 
pends on  tlie  magnifjicg  power  of  the  telescope,  on  the  brightness  of  the 
image,  and  on  the  physiological  qualities  of  the  eye  of  the  observer.  More- 
over, the  interposition  of  the  eye-gkss  of  the  telescope  tends  to  produce  a 
peculiar  effect  on  the  enlargement, 

5"  Tho  part  of  the  enlargement  due  to  the  aberration  of  the  telescope 
varies  necessarily  witli  the  instrument  employed.  For  the  same  instm- 
ment,  it  nifiy  be  considered  as  constant. 

The  most  remarkable  of  these  propoi^itions  is  that  wherein  it  is  ac^ 
nounced  that  the  iixadiations  of  two  luminous  objects  are  diminished  by 
their  mutual  proximity.  M.  Plateau  extends  this  principle  to  the  pheno- 
mena of  irradiation  seen  with  the  naked  eye  a*  well  as  to  those  observed 
in  the  telescope.  He  rests  its  detn  oust  rat  ion  upon  various  expetiments, 
some  of  which  are  of  a  very  convincing  nature,  and  do  not  seem  to  be  liabb 
to  any  objection.  He  refers  to  this  principle  the  absence  of  anjr  setusible  irrt' 
diation  iu  the  experiments  of  Arogo,  Robinson,  and  Bessel,  above  alluded 
to,  Without  expressing  a  formal  opinion  on  its  origin  he  seems  disposed 
to  consider  it  as  due  to  the  fart,  that  thero  does  not  exist  in  either  ca$e  t 
suflScieut  contrast  between  the  luminous  object  and  the  ground  upon  which 
it  appears  projected.  M.  Plateau  concurs  with  most  other  philosophers 
iu  placing  the  source  of  irradiation  in  the  eye,  but  he  does  not  express  any 
opinion  respecting  the  mode  by  which  the  etfect  is  produced. 

The  most  recent  account  of  experimental  researches  on  IrradiatioQ.  is 
contained  in  a  paper  communicated  by  Professor  Powell  to  the  AstTonomi- 
cal  Society,  in  the  year  18-19'^',  That  distinguished  philosopher  s^pmc* 
disposed  to  regard  the  phenomena  of  irradiation  as  duo,  in  a  great  aegw*t 
to  some  cause  extraneous  to  the  eye.  While  admhting  that  the  " 
scintillation  of  a  star  mny  arise  from  some  physiological  affectiou  of  ^l 
organ  of  vision,  and  may  vaiy  iu  different  individual,  lie  cousidera  that 
the  enlargement  exhibited  by  a  well-deiined  disk,  capable  of  e:^act  mea- 
surement,  cannot  reasonably  be  ascribed  to  a  cause  of  so  fluctuating  » 
nature.  He  then  proceeds  to  describe  various  esperimenta  which  tend  to  sup- 
port this  assertion.  One  of  the  moat  uoequivocal  results  derived  from  the6« 
oxperiments  consisted  in  this,  that  an  image  of  the  object,  formed  in.  the  fdcoA 
of  a  lens,  is  affected  by  irradiation  in  an  equal  degree  Tvith  the  object  itself 
A  card,  similar  to  that  employed  by  M.  Plateau,  being  exposed  to  a  mode' 
rately  strong  light,  and  its  image  being  then  thrown  by  reflexion  upon  a 
ground  glass  placed  in  the  focus  of  a  lens,  the  image  of  the  card  was  seen 
painted  on  tho  ground  glass,  with  preci-sely  the  same  enlargement  as  that 
which  it  exhibited  to  the  naked  eye.  It  mighi  be  urged  against  this  ex- 
periment, that  the  brightness  of  the  light  at  the  focus  of  the  lens  might  in 
its  turn  produce  its  irradiation,  eo  as  to  occasion  the  appai-ent  eiilai|[em«at 
of  the  image.  With  reference  to  this  objection  Prof.  Powell  remarks,  that 
the  image  on  the  ground  glass  was  in  general  by  far  too  faint  to  produce  amy 
such  secondary  effect.  That  the  irradiation  could  not  be  due  to  this  rmats_ 
was  proved  further  beyond  all  doubt  by  the  fact,  «liat  when  a  dark 
was  interposed  between  the  eye  and  the  image  of  the  card  m  tho 
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the  enUrgement  siiJI  cgntinued  to  be  equally  perceptille.  Prof.  Powell, 
upon  the  grounds  of  sucb  eiperiments,  coosiders  the  conclusion  to  be  un- 
Kfotdable,  that  the  enlargometit  is  occasioned  hy  some  opUcat  cauAe  acting 
EipoD  the  furmatiou  of  the  focal  inifige,  aud  iodependenl  of  any  organic 
tfiecdon  of  the  eye. 

Parsoing  this  view  of  the  origin  of  irradiation,  he  conceived  that  a.  strik- 
ing verification  of  it  would  be  obtained,  if  a  photographic  image  of  the  ob- 
ject could  be  foi-med.  exhibiting  the  enlargement.  An  experiment  which  he 
made  v,hh  a.  view  to  decide  this  point,  was  attended  witli  complete  success. 
The  image  of  the  card  when  formed  by  a  photographic  procesis,  either  in 
the  light  of  the  bright  sky  or  in  the  full  sui],  was  found  to  exhibit  a  raani' 
fest  enlargement. 

Irradiatioa  may  be  greatly  diminished,  or  even  completely  destroyed, 
by  the  interpoiiiiiou  of  a  lens  between  the  object  and  the  eye.  Prof. 
Powell  found  that  with  ordinary  daylight  a  lena  which  magnified  three  or 
four  times  was  snfficieut  to  extinguiiih  every  trace  of  the  phenonienon. 
He  states,  as  the  result  of  his  experience  generally,  that  tnuguifyiiig  powers 
Varying  from  ten  to  twenty  effectually  destroy  the  irradiation  occasioned 
by  the  brightest  light  which  the  eye  can  bear, 

M,  Plateau,  experienced  gi'eat  difficulty  in  reconciling  the  effect  produced 
bj  the  interposition  of  a  lens  wiih  the  theory  of  irradiation,  which  as* 
cnbes  its  origin  to  some  ocular  cause.  Prof.  Powell  is  of  opinion  that  it 
may  be  accounted  for  by  the  ditrusion  of  light,  resulting  from  the  ap- 
plicalion  of  the  lens,  rendering  the  enlargement  too  faint  to  be  percep- 
tible. Upon  the  same  principle  he  explains  the  absence  of  irradiation  in 
eiperiments  made  vrith  a  double  image  roicromet^r.  In  this  case,  each  of 
tbe  images  possesses  only  hnlf  the  original  brightness,  luid  being  at  the 
wme  time  viewed  with  a  high  maguifying  power,  the  elTect  of  irradiation 
migbr,  by  the  combined  operation  of  both  these  causes,  be  rendered  in- 
wnaihle. 

In  observations  with  the  telescope  it  has  been  found,  that  the  rcf^ukr 
enJargement  occoBioned  by  irradiatiou  is  mainly  dependent  on  the  aperture, 
focal  length,  and  magnifying  power  of  the  instrument.  With  respect  to 
the  new  moon,  Prof.  Powell  remarks,  that  when  viewed  with  a  aO-inch 
tfhromalic,  and  very  lowjKJwers,  the  projection  of  the  illuminated  crescent 
beyond  tbe  dark  part  of  the  di^k  was  distinctly  seen  :  with  a  power  of  50  it 
via  barely  visible :  and  with  80  not  at  all.  The  following  passage  of  a  letter 
from  Prof.  G.  Piazzi  Smyth,  cited  by  that  philosopher,  affords  an  interesting 
can^rmation  of  the  same  fact : — "  On  a  particularly  fine  night  at  the  Cape, 
when  the  enlargement  of  the  bright  part  of  the  new  moon  beyond  the  dark 
»te  unusually  sirikittg  to  the  naked  eye,  amounting  to  two  or  three 
minutes  of  space,  a  li-foot  reflector  was  turned  to  the  object,, and,  with 
erery  increase  of  power,  the  apparent  projection  was  more  and  more  cut 
doim^ — deliinition  was  very  good  that  night.  With  power  of  300  the  pro- 
jeettOD  WAS  barely  sensible  ;  it  did,  however,  t>tiU  abgoluJely  exist,  but  to 
perhaps  not  more  than  two  or  three  tenths  of  a  second  of  space."  * 

It  is  generally  admitted  that  the  irradiation  of  bodies  is  affected  by  the 
dtiuensiona  of  the  aperture  of  the  telescope.  When  the  aperture  is  dimin- 
ished, the  apparent  enlargement  of  the  object  is  diminished  also,  This, 
doubtless,  arises  from  the  less  intense  brightness  of  tlie  image.  It  is  to 
be  remarked,  however,  that  when  the  siperture  is  reduced  to  very  small 
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dimensioua,  fhe  difipFAction  of  the  oUject -glass  begius  to  A^ect  tbe  &p|;ar«Dt 
magnitude  of  tha  image  in  tbe  oppoaite  direcUou,  so  that  when  the  ap«r> 
lure  has  reached  a  certain  degree  of  coDtmctioD,  the  enlargenient  arising 
from  this  cause  raiiy  compensate  for  the  diminished  effect  of  iiT»i)i«' 
tion.  Prof.  Powell  is  of  opinion  that  this  may  account  for  Dr.  BobiasoB 
having  found  the  ijat^rral  between  the  transits  of  the  sun's  limbs  m  be 
unaltered  by  contraotiog'  the  aperture  of  the  telescope,  and  also  for  tbt 
f«jct  that  Mr.  Daves,  during  the  transit  of  Mercury  over  the  sunt  dtik 
in  LB48,  fottnd  that  the  apparent  diameter  of  the  planet  was  the  suae, 
when  observed  with  different  apertures. 

A  review  of  the  progresB  of  researches  on  irradiation  catinot  fail  to  sn^ 
gei5t  the  conclusion ,  that  the  knowledge  vie  possess  respecting  its  nHtoM 
and  laws  is  still  very  imperfect  and  obscure.  On  the  other  hand^  no  doubt 
can  exiat  that  it  exorcisea  a  sen^sible  influeuce  on  the  ohBervations  of  tbi 
astronomer,  It  is  manifest  also,  that  as  the  art  of  observation  contiouti 
to  advance  towards  perfection,  it  will  become  more  and  more  imperati?! 
on  the  part  of  the  astronomer  to  attend  to  the  effects  produced  by  it  lo 
the  present  slat©  of  the  subject  tbe  inquirer  is  impeded  at  the  very  outset 
of  his  researches,  by  tlie  want  of  data  of  sufljcient  completeness  and  pw- 
cisiou  upon  'wbich  he  might  establtiih  his  reasoning.  It  is  to  he  hoped 
that  amid  the  activity  'which  pervades  every  department  of  astronomioil 
icience.  this  bmnch  of  enquiry  will  not  fail  to  receive  an  amotuit  of  atiea- 
tion  adequate  to  its  growing  importance. 

We  shall  now  proceed  to  give  a  brief  account  of  the  researches  of  aiiro- 
Domers,  with  a  view  to  Uie  explanation  of  various  interesting  phenameiU. 
by  means  of  some  of  the  principles  alluded  to  in  this  clmpter. 


CHAPTER  XVIL 

Eciiptei  of  ihe  Sun  and  Moon — Hiitorl»l  Statement  of  total  EcUpiMof  the  &ui>^ 
Annular  Kolipie*  oUertfed  in  modem  timw-— Chflnge  of  Colouf  which  the  ikj  undhC 
gow  during  an  Eelipw.— lit  expUnmiuo  by  M.  Arsgo.  — Coroti*  of  Lrgbl  tiitttrni 
around  the  Moon.  —  Allusions  made  to  it  by  Ancient  Authors — Cxpliinations  of  iti 
Physical  Cause  hy  tJiffprent  tiiHivittuaU.— Prolviberances  on  the  Moon'«  Ljmb.— ThiiJ 
moit  probable  nature. — Obsenialion*  on  the  Furfacc  of  ihc  Moon  donngr  Eclii*«»— 

Utidulotioni  observGil  on  the  occoslnn  of  the  Edipee  of  1&42. Similiir  ['benoO*!* 

observed    during  the    Eclipse    of    J7dik — Explanation    of    thiiir    Origin. — 0(iUcil 
Ptienomcna  observed  during   Sular   Eclipses.— Threads,  Beads  &c.— Explaniliwi  0^ 

their  Origin, — Lunar  Eclipes Transits  of  Veniit^Phjiicsl  appearancu  obienri 

during  their  Oeettfrence. — TTansits  of  Mercury.  —  Spot  observed  on  the  Pl«ii«|% diik> 
— lis  ex[)Unation  tiy  Pj-oivssor  TowelL — Occiiltaliona  of  the  Planets  and  Stan. 

Amid  the  variety  of  grand  and  beautiful  phenomena  which  flow  bw 
tb«  operation  of  nature's  laws,  exciting  alternately  the  admiiAlion  vU 
delight  of  the  attentive  observer,  there  are  some  whose  surp«seiDg  nitftt- 
ficence  extorts  universal  hotnage,  and  awakens  in  the  spectator  a  feeling  rf 
reverential  awe.  It  ia  iinpusisible  for  the  most  frivohms  miud  to  regiri 
with  indiflerence  the  irresistible  impetuosity  of  the  hurricane  as  in  itt 
wild  career  it  r weeps  along  every  opposing  obstacle,  or  to  conleuiplAtt 
without  emotion  the  fiubltmo  spectacle  of  the  ocean  when  its  billow*  iW 
•gitated  by  the  fury  of  the  tempest.  The  e^ferfasiing  noise  of  the  cfctanfii 
the  deep  roll  of  the  thunder  storm,  or  the  sudden  apparition  of  the 
eccentric  comet  in  th«  heavens  with  ita  pale  aspect  and  *'  horrid  hair,'" 


itlddtD  ikilg  to  arouse  tha  apathj  of  the  moet  lUtless  votarf  of  nature. 
fiut  perhaps  on  no  oc^co^ioa  does  ihe  display  of  eiupendous  pow«r  in  tbe 
ec^Domj  of  thi  phj^kal  udI verse  exercise  so  eubduiiig  an  iuHuence  ov^r 
(ho  mind,  or  produce  so  huDailiating  a  convicuon  of  lUe  impotence  of  all 
buman  efforts  to  control  the  iromutoble  lawa  of  nature,  aud  urreat  the 
course  of  eveittn,  as  wfa«n  the  glorious  orb  of  dny,  while  ridiog  in  the  bea 
TfDi  with  unclouded  splendour,  begiDs  to  melt  a\vay  from  an  uuf^ceu  causa, 
iiid  iooo  totAlly  disnppears,  lenving  the  whole  visible  world  wrapped  in 
Um  sable  gloom  of  DOi^turDal  darlitiess.  The  bcene  U  rendeied  stiU  more 
JapgeniTo  hy  the  circumstance!]  nccoDipanying  so  remarkable  an  occur- 
fSDM.  Tbe  heavens  assume  an  unnatural  a^pecl,  which  excit^g  a  fieeling 
horror  in  the  spectator;  a  livid  hue  is  ditluaed  over  all  terr^iimnl 

jects;  the  plants  close  up  their  leaves  as  on  the  tpproiich  of  lught ;  the 

fowls  betake  themselves  to  their  res tii{g-pl aces  ;  the  warbling  of  ths  grgve 

ia  bu»hed  in  profound  i>iieoce.     Univei^  nature  seems  to  have  relitixed 

i.k«r  energies,  as  if  the  pult^e  which  litimulaied  her  mighty  movemeotB  had 

ftil  at  once  stood  sttli. 

Baring  the  early  history  of  mankind,  a  total  eclipse  of  the  sun  was 
nvariably  regarded  with  a  feeling  of  indescribijble  terror,  as  an  indii-atiaa 
of  the  anger  of  the  oflended  deity,  or  the  presage  of  some  impending 
calamity ;  and  various  instances  are  recorded  of  tlie  extraordiuaiy  eSfecls 
producedi  by  so  unusual  an  event.  In  a  more  ajvnnped  state  of  so- 
ciety, when  science  had  begun  to  diffuse  her  genial  iuflueuce  ov@r  the 
human  mind,  these  vain  appreheuistons  gave  place  to  juster  and  more 
tUMtbiing  views  of  nature ;  and  eclip<»es  generally  came  to  be  looked 
upon  sa  necesssTj  consequences  tlowirig  from  the  uniform  operation  of 
iiid  law*,  and  difTering  from  the  ordinary  phenomena  of  nature,  only 
IK  their  less  frequent  occurrence.  To  the  astronomer  they  have  in  all 
•gea  proved  valuable  in  the  highest  degree,  as  tests  of  great  delicacy 
lor  ascertaining  the  accuracy  of  hh  calculations  relative  to  the  plaoo  of 
the  moon^  and  hence  deducing  &  furthu^r  improvemiMit  of  the  intricate 
theory  of  her  movements.  In  modern  tirace,  when  the  physical  consii- 
tntioD  of  ihe  celestial  bodies  has  attracted  the  attention  of  many  emi" 
sent  Astronomers,  obsen'stiona  of  eclipses  have  disclosed  several  in- 
temtiug  ftfcts,  iNhich  have  thrown  conBiderable  light  on  some  important 
points  ei  enquiry  respecting  tbe  sun  and  moon. 

In  the  present  advanced  state  of  astronomy,  the  records  of  ancient 
cdlpses  bave  been  successfully  employed  in  filing  the  dates  of  contena- 
|K)raiy  events,  and  thereby  rescuing  history,  in  many  instances,  from  the 
eeofusion  usually  incident  to  a  remote  antiquity.  It  is  thus  that  pbeno- 
ntna,  which,  at  tbe  time  of  th^ir  apparition,  were  regfirded  as  the 
laystenous  heralds  of  some  impending  calamity  in  the  u^ofiil  world, 
tMall}^  independent  of  the  ordinary  course  of  nature,  and  uhiub  would 
1uiT«  been  allowed  to  pass  unnoticed,  had  it  not  been  fur  the  (error  which 
they  inspired,  have  become  subservient  in  illustrating  many  obscure  pas- 
Itgce  in  the  writings  of  the  persons  who  record  them,  atid  establishing 
ear  hnowledge  of  ancient  times  upon  a  more  s&ti&factory  basis.  This  in 
JQHJy  tegimied  as  one  of  tbe  most  remarkable  tnumphs  of  modem  science. 

Before  entering  upou  tbo  history  of  total  eclipses  of  the  sun  it  may  not 
!«  out  of  place  to  give  a  brief  description  of  the  nature  of  eclipses  in 
general,  and  of  the  various  circumstances  which  determine  their  occurs 
renee. 

Th»  moO^^Ulh^^aune  of  her  monthly  revolution  ro^ 


rence. 


msTon;  of  physicai,  astbokout. 


appear!;  to  describe  a  great  circle  in  tbe  heavens,  iucliiiedl  at  an  bcon- 
Bidemble  atigle  to  the  ecliptic.  Heuce  it  hnppens  that,  when  the  titaeof 
her  cpnjunetion  with  the  sun  coincides  v^-ith  her  passage  across  tlia 
ecliptic,  slie  appears  projected  upon  the  region  of  the  heavens  wscopiedbf 
the  sun.  and,  being  an  opaque  body,  conceals  the  tvhole  or  a  portion,  of  bu 
disk  from  a  spec  in  tor  on  tbe  earth.  The  defect  of  tight  ariising  from  ibk 
cause  ia  ^bnt  is  termed  n  solar  eclipse.  It  is  manifest  that  the  wKi 
cannot  wliolly  intercept  the  solar  light,  ujilesa.  during  conjunction  bw 
apparent  diameter  exceed  the  apparent  diameter  of  tbe  sun.  This  condi- 
tion, however,  is  not  always  fulfilled,  for,  as  the  moon  revolves  in  an  ortjt 
of  considenillo  eccentiicity.  her  distaTjce  from  the  earth  varies  in  i 
sensible  degree,  and  hence  arises  a  corresponding  variation  in  her  apparent 
diameter,  causing  it  sometimes  to  exceed  the  apparent  diameter  of  tbe 
8un,  and  other  times  to  fall  short  of  it.  Hence,  svhen  the  ceDti«&  of 
the  sun  and  moon  are  projected  upon  the  same  point  in  the  heaven*, 
and  the  apparent  diameter  of  the  rooon  at  the  same  time  exceeds  that 
of  the  sun,  the  solar  disk  will  be  entirely  concealed  from  the  view  of 
the  spectator,  and  a  total  eclipse  will  be  the  consequence.  If.  howew, 
while  all  other  ci re ura .stances  nre  nlike,  the  apparent  diameter  of  the  eooon 
be  leas  than  that  of  the  sun.  the  solar  disk  will  not  wholly  ceftse  w  ^ 
visible,  but  the  opaque  body  of  tbe  moon  will  appear  projected  centrallj 
on  it,  leaving  a  narrow  ring  of  light  exposed  to  view.  In  this  case,  tber* 
occurs  the  interestiog  phenomenon  of  an  anntiinr  eclipse.  When  tht 
moon  does  not  pass  cenirfill)*  over  the  sun,  but  merely  overlaps  a  segment 
of  his  dish,  a  portion  of  his  light  only  is  prevented  from  reaching  li« 
place  where  the  spectator  is  situate,  and  fi  partial  eclipse  then  ensues. 

During  a  total  eclipse  of  the  sun  it  is  mnnifest  that  the  place  on  tiis 
surface  of  the  earth  which  happens  from  this  cause  to  be  obscured,  is  then 
situated  mthin  the  moon's  shadow.  When  oiily  a  portion  of  the  solorliglit 
is  intercepted  b_v  the  moon  as  in  the  cnse  of  ati  annular  or  partial  eebpsf, 
the  place  to  which  the  eclipse  is  visible  is  situate  heijoiii  the  limits  of  ibe 
lunar  shadow  in  a  partially-obscured  region  termed  the  penumhra. 

Since  the  moon  in  passing  between  the  sun  and  tbe  eartli  intereeptitheso 
lar  light,  either  wholly  orpartiallv  from  someplaceon  the  surface  of  the  Inttvr 
body,  so  when,  iu  the  course  of  her  synodic  revolution,  she  arrives  in  ibe op- 
posite point  of  her  orbit,  the  earth  Lseingnow  interposed  between  her  and  th* 
Bun,  she  is  deprived  in  her  turn  of  the  solar  light,  and  the  pbenorae«Dn  of 
a  lunar  eclipse  is  the  consequence.  It  is  to  be  remarked  thai  in  all  IudU" 
eclipses,  the  solar  raya  are  supposed  to  be  rchoUif  intercepted  from  the 
obscured  surface,  those  cases  in  which  a  partial  deprivation  of  light  onlf 
occurs,  being  left  out  of  conaideraLion,  on  account  of  tbe  difficulty  of  del* r- 
mining  the  exact  instant  when  the  obscuration  begins  or  ends.  Hence  * 
lunar  eclipse  corresponds  to  a  total  eclipse  of  ibesun  in  regard  to  itsspedfr' 
character,  the  surface  obscured  being,  in  each  case,  actually  immere«<l  '" 
the  shadow  of  the  cclip3iug  body. 

If  the  moon  revolved  in  the  plane  of  the  ecliptic,  she  would  necess«nij 
pass  between  the  sun  and  the  earth  at  every  conjonctiou,  while  agtiin"' 
every  opposition,  the  earth  would  be  intei-posed  between  the  sun  andnjooH' 
Hence  a  solar  eclipse  would  take  place  at  eveiy  new  moon,  and  a  lunat 
eclipse  at  every  full  moon.  The  lunar  orbit  being,  however,  incliued  it  M* 
angle  of  about  5°  to  the  plane  of  the  ecliptic,  an  eclipse,  whether  8ol»r'»f 
lunar,  can  only  occur,  when  ilie  moon  during  conjunction  or  opposition  i^ 
near  either  of  the  nodes  of  her  orbit.     Astronomers  bftve  found  %  cft]c(il«' 
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iMm  that  a  solar  eclipse  cannot  tftke  place  unless  the  moon  during  coryuuc- 
tknibe  widbin  1T°^1'Q7"  of  her  node  ;  nor  a  lunar  eclipse  unless  during 
oppositioD  her  distaoce  from  the  node  be  less  than  11"  25' 40".  The 
qoestion  with  respect  to  the  speclBc  nature  of  the  eclipse  which  niiiy 
h^ipeii  in  either  c^e,  whether  it  be  total  or  partial,  will  depend,  c/rtfiia 
paribua,  npon  the  distance  of  the  moon  within  the  assigned  limit. 

It  follows  from  the  foregoing  remarks  that,  whenever  the  lunar  node 
ntnras  to  the  same  position  with  respect  to  the  sun  nnd  moon,  an  eclipse 
of  the  Bame  nature  will  alwavs  recur.  It  is  manifest  (hnt  the  frequent 
weiizreDC«  of  eclipses  in  genera),  will  depend  on  the  condition  of  tho  lunar 
nodes  with  respect  to  their  being  fixed  or  moveable.  Now,  it  appears 
from  observation,  that  they  regress  with  a  mpid  motion  on  the  ecliptic. 
■Mking  a  complete  tour  of  the  henvens  in  about  IS  years.  A  remarkable 
veUsioD  Bubaists  between  the  synodic  revolution  of  the  moon,  and  the  mo- 
tion of  her  nodes,  which  causes  the  phenomena  of  eclipses  to  return  within 
•  definite  period  nearly  in  the  same  order.  It  appears,  in  fact,  that  while 
233  lunations  include  0585. 3Q I  days,  the  nodes  return  to  the  same  posi- 
tkm  with  respect  to  the  sun  in  6585.772  days.  The  difference  amounts 
U>  .451  of  a  day,  or  barely  Vi  hours,  during  which  interval  of  time  the  sun 
describes  an  arc  of  QS'  6"  relative  to  the  lunar  node.  Henee  at  the  end  of 
i%i>.SQ.l  days  tbe  tnoou  will  have  returned  to  the  same  position  with  respect 
the  sun,  and  will  only  be  ot  a  distance  of  3H'  fi"  from  the  same  position 
respect  to  the  node.    This  period  of  S23  lunations  or  IHf  10^  7"^  43"^*, 


ich  occasions  a  recurrence  of  eclipses  in  the  same  order,  wus  known 
Chnldeans,  who  arrived  at  its  discovery  by  comparing  together  the 
of  eclipses  extending  througbocit  a  long  succession  of  ages  j-.  It 
ippears  from  theory  that  seven  eclipses  maij  nnd  that  two  mmt  take  place 
in  the  course  of  every  year.  When  the  numlver  of  eclipses  is  the  greatest 
possible,  both  eclip&es  are  solar.  Out  of  seventy  eclipses  which  usually 
tike  place  within  «  period  of  IH  years,  the  average  number  of  solar  eclipses 
M  forty-one,  and  of  lunnr  twenty-nine. 

Although  solar  eclipses,  genenilly  speaking,  occur  very  frequently,  a, 
total  eclipse  of  the  sun  is  an  event  which  happens  only  on  very  rare  occa- 
sions. This  arises  from  the  circumstance  of  the  moon  being  so  small  a 
body  compared  with  the  sun,  [hat  her  shadow  frequently  does  not  extend 
«o  fa,r  as  the  earth,  and  even  when  it  does,  its  dtmensiona  are  sn  inconsi- 
derable that  only  undt-r  conditions  of  the  most  favourable  nature,  can  any 
portion  of  the  earth  pass  through  it.  In  fact,  although  an  eclipse  recurs 
nearly  about  the  same  time  within  a  period  of  ^as  lunations,"  it  will  not 
be  exactly  of  the  same  magnitude,  and  the  alteration,  although  small,  may 
•office  to  transform  it  from  a  totiil  to  a  partial  eclipse. 

K  a  total  eclipse  of  the  stm  is  an  event  of  rare  occurrence  even  any- 
nbere  on  the  surface  of  the  earth,  still  more  especially  is  this  true  when 


•  h  will  be  18?  10*  7^  43^,  or  18*  ll"  7*  43^,  according  as  four  or  five  leapyewi 

liappen  within  ibe  cycle. 

f  tn  tbcM?  c^lcutaiioni  U  ti  only  the  Rr«nisyniMlic  revolution  of  the  moon,  and  the  m*an 

^Htation  of  bf-r  node,  that  are  »>iisiderecl.     h  h  clear,  therefore,  that  even  although  ihe 

^^Ke  periad&  alluded  to  in  the  text  ««cre  pr<?clii«lj  equal,  the  int-quaJitiei  bnth  of  the  moon's 

^^Kagitude  and  of  her  n'Jtde  would  caitM  the  corrc; ponding  eclipneo  in  each  crcic  to  he  of 

^HpilKwh*t  diffirent  magnitudes,  and  also  to  recur  with   more  or  IcM  irregtiiarity.      The 

InT^de  U  aufflaenlly  true,  however,  to  enable  a  pereou  by  means  of  it  to  predirt  cclipMS  in 

a  rough  way,  Bod  tbii  ii  all  that  the  Chaldean  aftronomer^  acpirad  to  afcntnijluh. 
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the  question  relates  to  gotn«  particular  place,     Halley,  in  «  p^ptt  MiJ 

total  eclipse  of  the  sun  whk-h  happened  at  Londou  on  the  Ztd  of 
1715,  has  remarked  lUat  tliere  Imd  not  previously  occurred  a  total  eclipM 
of  the  ttanie  body,  which  vas  visible  m  that  oity,  since  the  ^Oth  of  March, 
1140  A.D.  In  connexion  with  this  circumstance  it  ia  to  be  bonie  in 
mind  that  the  cycle  of  S'^3  hinatioug  has  respect  to  the  centre  of  iht 
earth,  and  not  to  atiy  point  on  its  surface.  Kow,  in  viiiue  of  the  ditiroal 
motion,  the  position  of  any  pdttt  ou  the  earth 'ss  surface  relative  lo  the  ana 
V&d  moon,  is  genemlly  ditTerent  from  the  position  of  the  centre  of  1I14 
earth  relittive  to  the  same  bodies^  MoreO¥er,  since  the  earth  is  a  bod;  of 
considerable  magnitude,  while  on  the  other  hand  the  region  obscured  by 
the  moon's  shadow,  generally  dot)8  not  exceed  180  miles  in  diameter,  it 
follows  that  only  a  comparatively  narrow  eone  of  the  eanlffi  aurikce  CID 
he  eclipsed  during  an;  particular  conjunction  of  the  feun  and  moon.  itt< 
clear,  tbereforo,  that  a  total  eclipse  of  the  sun  may  recur  regularly  at  thi 
prescribed  Cima  within  the  cycle,  and  yet  may  not  be  visible  at  the  wot 
place  of  the  earth's  surface. 

Although  a  solar  eclipse  may  last  several  hours,  counting  from  lb« 
commencement  to  the  end  of  the  obgcuration,  the  interval  of  time  dBriaf; 
which  the  sun  ia  completely  hidden  behind  the  dark  body  of  the  moon  ii 
^ery  limited.  The  duraiiuu  is  greatest  when  the  moon  is  in  perigee  aod 
the  itin  in  apogee  ;  for  the  apparent  diameter  of  the  moon  beitjg  then  tb« 
greatest  possible,  'while  that  of  the  «un  i»  the  least  poi^^ible,  the  excess  of 
the  former  over  the  latter,  upon  which  the  totality  of  the  eclipse  dependJi 
has  then  attained  its  roaximum.  Now  the  peTigean  diameter  of  the  laooB 
i£  equal  to  3;V  SV,  and  the  apogean  diameter  of  the  sun  is  equal  U 
31'  3U".  'Xbe  diiference,  a'  I",  is  the  aic  which  the  moon  in  thb  m» 
4f»cribea  during  the  totality  of  the  eclipse.  It  ia  manifest,  therefora* 
when  the  rapidity  of  the  moon's  motion,  espedallj  in  ]>erigee,  ia  takes 
into  account,  that  even  under  the  moi^t  ftivoarable  circum&tmicea  theiiiiD 
will  not  continue  totally  eclipsed  for  more  thau  a  few  minutes. 

The  duration  of  a  total  eclipse  of  tlio  sun  varies,  when  nil  other  ^^ 
cumstances  are  the  same,  with  the  Irttitude  of  the  place  obscured,  bsing 
greatest  at  any  place  under  the  oqiuttor.  Bu  S^jour  found  from  theorj 
that  the  utmost  possible  duration  gf  a  total  eclipse  of  the  ^un  ia  7'"  6I3" 
under  the  equator,  and  0™  10'  in  the  latitude  of  Paris*. 

The  duration  of  an  annular  eclipse  is  greatest  when  the  raoon  is  ia 
apogee,  and  the  sun  is  in  perigee,  for  the  apparent  diameter  of  tlie  sun  la 
then  the  gi-eatest,  while  that  of  the  moon  ia  the  kost  pou-sible.  and  coii- 
eequently  the  excess  of  the  former  over  the  latter,  upon  which  the  aimulir 
appearance  depends,  is  then  a  maximum.  The  greatest  apparent  dJamtftv 
of  ihe  sun  is  8Q'  >^5'',  and  the  least  apparent  diameter  of  the  nao4a  is 
S9'  S'-i".  Hence  the  difference,  ;i'  13",  ia  the  arc  described  by  the  moon 
while  the  eclipse  continues  annular.  The  maxiiuum  durntion  of  «u 
annular  eclipse  exceeds  that  of  a  tola!  eclipse  for  l»o  reasons :  Br«t,  beeauM 
tho  excess  of  the  perigean  diameter  of  the  sun  over  the  apogean  diameter 
of  the  moon  (3'  IS'')  is  greater  than  the  excess  of  the  perigean  diameter 
of  the  moon  over  the  apogean  diameter  of  the  sun  (2'  1");  eeeonrfk, 
because  when  the  moon  is  in  apogee  her  motion  over  the  vans  disk  u 
much  slower  than  when  she  is  in  perigee.    Du  Sejour  found  by  acto&l 

•  Mdm.  Acid,  dd  Science*,  J 777,  p.  ai& 
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c£iJcul«tJOit  that  tfae  utmost  possible  duration  of  an  flnnular  eclipse  under 
the  eqaator,  is  It^*"  24*^,  and  under  the  latitude  of  Paris  is  9»  56*f. 

The  wriLingB  of  ancient  Authors  conlain  &ome  interesting  altusioos  to 
tclipses,  h<tih  of  the  &un  and  moon.  The  most  remarkable  13  a  total 
edipae  of  the  sun,  which  Herodotu**  rekiea  to  have  happened  while  the 
Mwe9  and  Lydiana  were  actually  engaged  in  battle.  According  to  the 
Itttaaient  of  the  Greeh  bistoriaD,  "the  var  betvreen  the  two  nations  had 
MBdttOtd  during  live  years  with  alternate  advantages  to  either  party.  In 
iw  fixth  there  was  a  nocluriml  conilmt ;  for  after  nn  equal  fortune  on  both 
lide?.  and  while  the  two  niinies  were  enftnged,  the  day  suddenly  hecame 
night  "J:  He  roentioDS  that  Tbalen  the  Jlililesian  had  predicted  ibis  pheno- 
menon to  the  lonians.  and  had  asi-evtiiintd  the  time  of  the  year  in  which 
it  would  hapi^ieu.  Hu  theti  adds  that  the  Lydians  and  the  Medes,  seeing 
t]u.t  the  night  had  thus  taken  the  place  of  day,  desisted  from  the  combat, 
■Dd  became  deisirous,  on  both  sides,  of  making  peaco. 

this  remarkable  ec1ip!>e  is  alluded  to  by  several  ancient  writers  who 
floaiisbed  subsequently  to  HerDdotus.  As  the  last-mctttioned  author  has 
Mlaaaigued  the  time  of  it^  occiirrenee,  the  ascertainment  of  this  point 
hm  given  ri^e  to  a  good  deal  of  discussion.  Cicero  and  Pliny  both  eon^ 
car  in  asserting  that  it  happened  iu  the  fourth  year  of  the  forty-sighth 
Olympiad.  This  would  place  it  in  the  year  585  a.c.  This  date  lias  bean 
tdopted  by  Riccioli,  Newton,  and  various  other  authorities  of  modem  times. 
On  the  other  hand,  Scaliger  found  by  actual  calculation  that  it  happened 
oa  the  Ist  of  October,  6BJJ  a,c. ;  Usher  placed  it  in  the  year  001  a.o.; 
fiajer.  Costard,  aud  several  others,  have  maintained  that  a  total  eclipse 
of  the  sun,  which  appears  fix>m  theory  to  have  happened  on  the  I8ih  of 
May.  tSOll  A.C.,  was  the  one  alluded  to  by  Herodotus. 

The  question  with  respect  to  the  date  of  the  eclipse,  continued  iu  thia 
state  of  uncertainty  until  the  year  1811,  when  Baily  finally  eomraunicated 
a  paper  to  the  Royal  Society  containingf  its  true  solution.  By  a  skilful 
cxiticiain  of  the  poiisage  in  W'hiL.h  the  Cireek  historian  alludes  to  the  event, 
he  bfta  prtived  beyond  all  doubt  that  it  could  not  have  happened  earlier 
than  R-jfl  A.C,,  or  later  than  505  a.o.  Out  of  seventy  eclip««i  which  hap- 
f«ned  witliin  ihst  period,  he  found  only  one  which  was  total  in  the 
peninsula  of  Asia  Minor.  That  eclipse  happened  on  the  3(1  ih  of  Septem- 
ber, 6lU  AX.  It  was  central  and  total  tu  part  of  Asia  Minor.  Armenia, 
•od  Media,  and  the  nioou*i>  shadow  passed  over  the  very  locality  where 
tba  two  armies  most  probably  were  engaged §.  It  seems  ioipoasible  to 
withhold  Ute  conclusion  that  this  is  the  eclipus  mentioned  by  the  Greek 
historian  &9  having  produced  so  taemorable  an  impresaion  on  those  who 
were  jtjic  eta  tors  of  it 

Htttrwiotus  also  mentions  a  total  ecltpfie  of  the  suu,  which  happened 
ihm  Xerxes  was  advancing  with  his  army  from  Sardis  to  Abydoa.  He 
llalH  Utat  ihe  eun  bec-atne  invisible,  although  the  heavens  eveni'where 
pratetited  a  serene  and  cloudles^i^  aspect;  and.  tlmt  iu  consequence,  night 
Iftok  iha  place  of  dayij.  The  date  of  this  eclipse  has  been  referred  to  the 
y9t.riB<i  A-C.  The  question  of  its  actual  occurrence  is  liable,  however,  to 
some  doubt,  ari&iiig  from  a  diHicnlty  eiipericnced  in  reconciling  the  state- 
ment of  the  historian  with  calculations  founded  ou  the  solor  and  lunar 
tahles. 

Thucydidea  the  historian  alludes  to  an  eclipse  of  the  sun  which  hap- 

•  M^.  Acad  de5  Sdencet,  1777.  p.  311  t  l^Jd.,  1777.  p.  816. 

:  Herod.,  lib.  i.,  Mfc  74.      §  Pbil  TniM..  181 1,  p.  220,  el  Mq.       [1  Herod,  lit.  vii. 
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peued  in  the  firBt  year  of  the  PelopoiKjesian  trar.  He  mentioa';  that 
took  place  about  uoon,  and  that  Be^'e^Ll  stars  were  \isible*.  The  languigfl 
of  the  writer  is  somewhat  equivocal  wiili  respect  to  the  question  whethet 
it  was  a  total  or  ft  partial  eclipse.  Kepler  considers  it  to  have  been  totait. 
It  occurred  on  the  3rd  of  August,  J:jl  a.c. 

Diodums  Sit"  til  us  relates  that  a  total  eclipse  of  the  sim  happened  wlwn 
Agntbocles,  king  of  Syracuse,  was  proceeding  with  his  fleet  to  Afria. 
He  affirms  that  the  darkness  was  so  great  as  to  bring  on  the  appearanc* 
of  night,  and  that  stars  were  visible  in  all  directions.  Tliis  eclipse  U 
-coioputed  to  have  occurred  on  the  15tb  of  August,  310  a,c. 

Philostratus,  in  his  "  Life  of  Apollonius,"  mentions  that  the  dearh  of 
Domitijin,  the  Roman  emperor,  was  previously  antiounced  by  a  pfaeiio- 
menou  uhich  appears  to  have  been  no  other  Uiaii  ft  total  eclipse  of  iki 
flun.  "In  the  heavens,"  aays  he,  "there  appeared  »  prodigy  of  &a 
iiftture:  a  certain  corftna,  resenibhu<;;  the  Iris,  surrounded  tbe  orb  of  (lie 
sun  and  obscured  bis  light."  It  follows  from  a  remark  which  he  after* 
wards  makes  in  reference  to  this  event,  that  the  darkness  was  ao  grtttts 
to  cause  the  appearance  of  night.  T)ie  corona  to  which  ApoUonius  alludes 
is  ft  phenomenon  that  is  generally  seen  around  the  tlark  body  of  the  moon 
during  a  total  eclipse  of  the  ann,  A  more  detailed  account  respecting  it 
will  be  given  presently.     This  eclipse  has  been  referred    to  the  yew 

fl5  A.D. 

Plutarch,  in  his  ^'  Disaertation  on  the  Lunar  Bpols, '  alludes  to  a  todJ 
eclipse  of  thfi  suti  which  had  recent  It/  happened  about  raid-day.  IV 
dai'kness  was  no  f^reat  as  to  cause  the  day  to  resemble  night.  Stan  were 
everywhere  visible.  This  eclipse  must  have  occurred  towards  the  close  of  ttit 
hrst  century,  or  early  in  the  beginning  of  the  second.  Kepler  states  ili*t 
he  calculated  a  great  many  eclipses  which  occurred  about  the  year  100  i.fi., 
and  that  he  found  no  one  which  agreed  better  with  the  words  of  PluWPdi 
than  a  total  eclipse  of  the  sun  vshich  happened  in  tlie  year  H3  i.». 
It  h  not  improbable,  however,  that  it  is  ideutical  witli  tbe  eclipse  meo- 
tioned  by  Philostratus,  tbe  date  of  which  is  necessarily  antecedent  to  the 
month  of  September.  00  a.d. 

Total  eclipses  of  the  puu  are  also  recorded  to  have  happened  in  tlie 
yeara  afl7,  StM),  418,  484,  787,  84^,  878,  657,  U13. 

It  has  been  mentioned  that  Halley,  in  a  paper  communicated  to  Ox 
Royal  Society,  alludes  to  a  total  eclipse  of  the  i>un  which  happened  at 
London  on  the  iJOth  of  March,  1 14"  a.d.  The  illustrious  astronomer 
does  not  stale  in  very  explicit  terms  whether  bis  knowledges  of  this 
eclipse  is  founded  upon  records  of  its  actual  occurrence,  or  upon  a  sliicl 
calculation  of  its  date  by  means  of  the  solar  and  lunar  tables.  Neither 
Kepler  nor  RiccioU  makes  any  nUnsion  lo  a  total  eclipse  of  the  sun  baring 
occurred  in  this  year.  The  following  passages  extracted  from  tbe  woA* 
of  contemporary  writers  will  shew,  however,  that  it  was  not  allowed  to 
pass  unrecorded. 

In  the  section  of  the  tShxoti  ChronicU  which  relates  to  the  events  of  the 
year  1140,  there  appears  this  statement:  "  In  the  Lent  the  sun  and  Uie 
day  darkened  about  the  noontide  of  the  day,  wheu  men  were  eating;  anil 
they  lighted  candles  to  cat  by.  That  was  the  thirteenth  day  before  ih* 
calends  of  April.     Men  were  very  much  etnick  with  wonder.";    The 


•    Thuctfi.,  lib.  it.  +  Ad  ViteUiiynvm  Paraffpomen^t  p.  S9i 

t   ingranCM  Translation  nf  the  Saron  Ckrottitit,  p.  371, 


•list  then  proceeds  to  rekte  the  dire  cotisequencea  whicii  followed  this 

E reference  to  the  same  eclipse,  William  of  Mitlineslury,  statcB,  th»t 
e  persons  were  sitting  at  their  meak,  the  darknes^^  became  so  great 
I  tJhej  feared  the  aucieul  chaos  was  about  to  return,  and  upon  going  out 
iiediatelj,  they  perceived  several  stars  about  the  sun,'** 
Total  eclipses  of  the  sun  are  retrorded  to  have  happened  in  the  yeai'S 
CT.  1241,  and  1415,     A  remarkable  total  eclipse  of  the  sun  occurred 
|be  17ih  of  June,  1133.     This  eclipse  was  visible  iu  Scotland,  and 
i  time  of  its  occurrence  was  long  remembered  by  the  people  of  that 
Ktrj  ad  the  Black  Hour.    Maclaurin  states,  that  there  is  an  aceount  of 
B  A  manuscript,  preserved  in  the  library  of  the  University  of  Edin- 
Ml.     It  is  therein  mentioned  that  the  etlipse  toc>k  place  about  three 
lek  ill  the  afternoon,  and  that  the  darkness  was  so  profound  that 
pDg  vt'as  vbible.     The  latter  remark  ia  manifestly  an  exaggeration. 
,  however,  that  it  was  an  ecUpse  of  a  \ery  unuauitl  kind,  for 
found  that  at  the  time  of  its  occurrence  the  sun  waa  only  '^° 
Ms  apogee,  and  the  moon  not  more  tljan  13"  from  her  perigee +. 
eclipse  is  not  iti  Kiccio1i*s  Catalogue,  hut  he  refers  to  it  in  another 
\  of  his  Tiork  *. 

listorj  makes  mention  of  total  eclipsea  of  the  sun  which  occurred  in 
Tears  U85,  IIjUO,   1530.  15li.  1560,  1567,   16083,  1605.   1653 1|, 

t&mn  to  the  beginning  of  the  eighteenth  century,  the  accounts  respecting 
1  eclipses  of  the  son,  conUiin  very  few  remarks  which  are  of  advantage 
Arming  the  basis  of  any  physical  enquiry.  The  descriptions  of  similar 
omena  which  hai  e  been  observed  in  more  recent  times  derive  consider- 
vaiue  from  the  interesting  details  by  which  they  are  accompanied. 

first  total  eclipse  of  ib«  sun,  respecting  which  the  accounts  have 
preteDsion  to  fulness  or  precision,  was  one  which  happened  on  the  12th 
"ftj,  1706.     It  was  observed  at  Montpellier  by  MM.  Plantade  and 

I  iSaUiria  Nm/tUtt,  \\h,  ii. ;   Bervm  Anglinantm  po»t  Stdtm  Praxipsi  Saiptoret,  p. 

t  Fhil.  TnoK,  I7S7,  p.  194.  \   Almag.  Nov.,  lib.  v.,  cap.  \\.,  Bdtal 

iThii  eclipse  wu  total  in  tKe  Britbh  h\e».    Tlie  moon's  fhadow  seems  lo  have  passed 
tbe  iMntkr  coun!ic4  of  England  and   Scollaad.     Tlie  day  of  the  t;clipse  wai  long 
jpemtiercd  ia  bolh  countriei  a»  Slack  S»turt!ai/. 
I  Thli  eclipie  wa*  also  total  in  ihe  Dritii^h.  IsUa,     It  wa*  oWrved  l»y  Dr.  Wyljerd  at 

Siri^klerEut  in  the  north  of  Ireland  (see  Win^'A  Atftronomia  BrUattnica,  p.  355),  The 
fof  it»  oceurrence  K%ve  ri^c  to  the  expresEiDti  Mirk  Monda)/  atnoo;;  the  people  of  S«it- 
whieh  a  even  ctitl  u»cd  in  lame  part*  of  that  coutilry,  aJlhough  (he  eclipie  iljieif  hat 
■go  fatlen  into  [»b)ivioti, 
\  This  eciip^  happened  on  the  !24rh  of  September,  Jtnd  wu  obierved  at  various  plocea 
(be  north  of  tiurupe.  It  ii  mcnlioiKid  by  several  of  the  Swediah  obaerters  of  the  total 
ate  of  17d3>. —  {Acta  Lit.  et  Scien.  ^uecUe,  torn,  iv.,  Upsal.,  1742.)  At  LelpF>J(?« 
in  it  ym  very  nearly  total,  a  correqiondept  of  ihe  Rnval  Society  slates,  that  "  when 
£di|^ti  were  obscured,  the  hky,  being  otherwiic  vtry  clear,  be$can  to  sppenr  of  n  moro 

■  or  wan  complexion,  and  more  sad  tun  it  usually  look^,  with  a  clear  f^ky  viticn  the  lun 
ptt  or  below  the  honzon.     The  cocki  il»  which  had  bitht^rlo  crowed  very  frequently, 

■  lilniced,  ||rning  to  roott,  left  off  crowing  and  diJ  not  renew  It,  till  by  tltc^  rerovi^ry  of 
f ton's  Ui^t  they  had  recovered  their  former  gaiety  and  mirth,"  — (Phil.  Tmn,",,  ITOft 
Bfti.)  Louviile,  in  hi*  account  of  the  total  eclipse  of  17!5,  to  be  pfcsently  meniioned, 
» noticed  a  similar  facrt.  He  says,  that  b  little  before  the  tun  wait  totally  feliji!<cd,  the 
:ka  of  LotidoQ  began  to  crow  ai  at  daybreak  ;  that  they  were  silent  during  iltc  total  ob. 
irvtioi)  ;  and  that  the  tun  had  no  sooner  reappeared  than  they  commenceii  agaittloCrow 
k dealer  vivaicity  tlian  before. — (M^cn.  Acad,  dea  Sciencesi  1715,  p.  98.) 
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0ftpifi8*f  At  GeiiftTft  by  Dailliert,  at  Nuremburg.  by  WurtEelban  J,  aiidlt 
a  variety  of  olliei-  plnces.  At.  Montpellier  the  total  oUscuration  laSttft 
4™  10',  During  the  time  ibat  tbe  suu  was  totally  hidden,  there  appeawd 
n  corona  of  light  around  the  diirk  body  of  the  moon,  The  planets  Vertui, 
Mercury,  and  Saluni,  as  well  as  Aldebaran,  and  several  other  fixed  stui. 
were  visible  to  the  naked  eye.  The  effects  produced  upon  tbe  aniiMiel 
fjrftfttion  by  the  Buddeu  transition  from  day  to  night  were  remark«bk 
•'  The  bats  flew  about  as  at  dusk.  The  fowls  and  pigeons  betook  ihfil- 
selvea  in  great  haste  to  their  resting-places,  The  little  birds  which  sutig 
in  Cftges  were  silent  and  put  their  beads  under  iheir  wings.  The  anioiilj 
which  were  at  labour  stood  still."  At  Geneva  the  totiil  obscurRtion  InfiH 
3™.  Duillier  states,  that  the  Council  which  Jiad  been  engaged  in  dp1iti«r»- 
tion  when  the  ocH|>se  came  on,  arose  from  their  seatfli,  bocause  tb._v  wen 
uuahle  to  read  or  write.  Bats  were  seen  Hying  about,  and  swaliows  look' 
ing  in  amazement  for  a  place  of  refuge.  In  several  parts  of  the  city  lh«rt 
were  seen  persons  prostrate  on  the  ground  and  offering  up  pmyere,  naia 
the  impression  that  the  last  dtiy  wa!<  come.  On  the  tops  of  some  of  lid 
mountains  of  Switzerland,  where  the  view  of  the  heavens  wa^  not  ob- 
structed by  the  gross  vapours  that  accumulate  in  the  lower  regions  of  llU 
horizon,  the  stars  appeared  aa  thickly  strewed  as  in  the  time  pf  full  raoOfi. 
The  aspect  of  the  heavens  could  neither  be  compared  to  tbe  darkness  «f 
night,  or  tbe  chastened  hue  of  twilight  §,  WurUelban  etaies.  that  it  wit 
impossible  for  any  person  not  to  feel  apji ailed  at  tbe  spectacle  J. 

Halley  hn»  given  an  inlereaiing  neeount  of  tbe  total  eclipse  of  the  ana 
which  happened  at  London  on  tbe  Ui*d  of  May,  1715^1.  The  total  oh- 
souraiio!!  lasted  3"  2*2*.  The  planets  Jupiter,  Mercury,  and  Venus,  as  w«Il 
6M  Capella  and  Aldebaran,  were  visible  to  the  naked  eye.  There  appeaned 
a  lutviinQus  ring  around  the  moon  as  on  the  occ-asiou  of  the  eclipse  of 
170C.  "  I  forbear/'  says  Halley,  "  in  bis  cummunication  to  the  Royal 
Society.  "  to  mention  the  chill  and  damp  which  i^ttended  the  darkness  of 
this  eclipse^  of  which  most  spectators  were  sensible  and  equally  judgM. 
Kor  shall  I  trouble  you  with  the  cmnccm  that  appeared  in  all  sorts  of 
animals,  birds,  beasts,  and  fishes,  upon  the  extinction  of  the  sun,  sines 
ourselves  could  not  behold  it  without  some  sense  of  horror."** 

Lonville,  who  repaired  from  Paris  to  Londoti,  for  the  express  pui^ose 
of  witnessing  this  eclipse,  has  also  given  an  account  of  it  whiob  appetn 
in  tbe  "Memoirs  of  the  Academy  of  Sciences,"  for  171 S  ft-  In  variotis 
places  of  England  which  were  more  favourable  for  observing  the  pbeaome- 
non  than  London,  as  many  as  twenty  stars  were  seen  with  the  naked  ejt 
during  the  tpiality  of  tlie  eclipse  IJ.  The  direction  of  the  shado«  wi 
towards  the  north-east.  At  Upsal^  in  Sweden,  the  total  obscuration  ttatid 
4^  0'§§. 

On  the  29nd  of  May,  1721,  a  total  eel  ipso  of  the  suu  ba[tpened,  wljlfili 
was  visible  in  Fraiio^  and  Germany.     It  was  observed  by  Maraldi  and  J. 


•  M6m.  Acad,  det  Scieiu-M,  1706.  p.  113  (Hist.). 

t  Phil.  Tratif..  1706,  p.  '^41,  et  leq. 

\  Miiceilanca  BcmliniPTiBii^torn.  i..  p.  210,  et  seq. 

f  Mdm.  Acad,  des  Scienci?*,  1706.  p.  118  (HiitJ. 

11    Miicrllanm  Bcmliniennn,  fom.  i.,  p,  32d. 

II  Phil.  Tran* ,  1715»  p.  245,  ct  wq.  ••   Phil.  Tnmi.,  1715.  p.  £61. 

t+  Mfim.  Ac»(i.  de»  Sdehccf,  (713,  p.  89,  ai  tcq.        JJ  Piiil.  Tran».,  I7I3,B.  S40. 

§§  ibid..  1715,  p.  256. 


L  imni,  at  Trillion  *,  and  by  Delisle,  at  Paris  f.  At  Trianon,  the  lolal  Ob- 
>raf»uon  lasted  St'^  J6**  Vtuins^  ilercury,  tipil  a  few  of  ibe  fixed  stars, 
vare  vijaible  to  tba  naked  eye.  The  ubacitdty  doea  not  seem  to  have  been 
^  graat  a»  on  sonio  farmer  occA^ionf.  Wagner  8La[e3,  that  wjiea  it  was 
:  its  iDaximum,  there  was  stiil  light  enough  to  enable  a  person  to  deti- 

.cr  vrilt«n  characters  nnd  to  discern  objects  at  a  moderate  distance  off  J, 
'Q  this  cMXzL'^ioti  also  a  corona  of  light  ivas  seen  to  6 d compass  the  dark 
tiodj  oC  the  moon,  during  the  tutiiHtj  of  the  6dips«. 

On  tb«  2nd  of  Ma^r,  1T33,  there  hnpj^ened  a  total  eclipsa  of  tba  aun, 
«bich  Ti«s  irisiUe  in  ihe  north  of  Europe.  At  Forahem,  in  Swedaut 
die  total  obst'iiratioo  ksied  3'"  t^*§.  JupiUr,  the  stare  of  Urm  M&j6r, 
CeprUa,  and  aeveitii  other  elare,  were  visible  to  the  naked  eye.  It 
■S4*  L^fneraily  remarked,  however,  that  the  darkness  was  not  eo  great 
nng  the  total  eclipses  of  1609  and  1716 1|.  The  luraitious  ring 
i  A  conspicuous  phenomenon  duiiog  iha  totul  obscuration.  It  waa 
ludit^ieiitly  bright  to  be  geou  distinctly  niili  the  uit.k«d  eyti^.  Three  or 
four  apoia  of  n  reddish  colour  wero  eho  perceived  near  the  liioh  of  the 
OMMQit  but  not  iu  imroedinte  contact  with  it  >i'^.  These  interesting  pheno^ 
iMaa  will  be  nlluded  to  presentlj'  in  more  detail. 

On  the  fith  of  February,  Hfid,  a  total  erlipse  of  the  suu  occurred,  which 
«!■  obsierved  iu  the  Southern  Ocean  by  the  persona  on  board  the  French 
ship  of  tmr  the  Covtie  d'Artoh.  The  total  obscuration  1  at; ted  only  A3*. 
Th«re  was  seen  a  luminous  ring  about  the  moon,  vvhit^h  had  four  remark^ 
iUe  expansions  situate  at  a  distant'o  of  90°  from  each  other ff. 

On  the  ^llh.  of  June,  1TT8,  there  happened  a  total  eclipse  of  the 
•an,  nhich  was  observed  at  sea  by  the  Spanieih  Admiral  Don  Antonio 
Ulloa,  while  passing  from  the  AEores  to  C»pe  St,  ViQCBiit ;;.  The  total 
ttncaraiioD  lasted  four  miniUtes.  The  luiuiuous  ring  presented  a  very 
temUfal  appearBBce.  Before  il  became  very  conspicuous,  the  stars  of  tho 
fiist  and  second  magnitude  ^ere  distinctty  visible:  but  when  it  attained 
greatest  brilliancy,  those  of  the  firat  magnitude  alone  could  he  per- 
ed.  The  darkness  wo?  such,  that  persons  ^vbo  Imd  been  asleep  ia  the 
a&emooo,  having  awoke,  imagined  to  their  great  astonishment  that  the 
night  was  already  far  advaDced§§>  The  fowls,  birds,  and  other  animals  on 
k«nl.  t4}0k  their  usual  position  for  sleeping,  as^  if  it  had  been  night. 

On  the  lOih  of  June,  ISOff,  a  total  eclipse  of  the  sun  occurred,  which 
«ts  visible  in  North  America.  At  Kinderhook,  in  the  State  of  Kew 
lark,  it  was  observed  by  the  Spanish  astronomer,  Don  Joachim  Ferrers  I!  ||. 
Hm  tdiAl  obi^curation  lasted  4'"  37*.  One  or  two  of  the  planets  and  a  few 
of  the  Brst  magnitude  were  visible.  The  moon  appeared  to  be  tur^ 
by  a  luminous  ring.  There  waa  a  slight  fall  of  dew,  while  the 
Mn  WW  totally  hidden. 

*  Mini,  Acad,  dea  Sdc^ncei,  1724,  p.  176.  1 7a  4  Ibid.,  17S4,  p.  Sl«,  et  seq. 

t  M)K«llaite'a  lleraltnien^iii,  lorn,  ili.,  \y.  2S7. 

I  Acti  Lit.  etSciein.,3ueeiii*.  torn,  ir.,  p.  til,  Uptaliie.  1735. 

I  Aeift,  t'p«al.,  lom.  iv.,  pp.  0<),  ft9,  64^.  ^   Ac(«,  Upial,,  tocn.  it,,  p.  64< 

••    iniiJ.  Traim.,  1733,  p.  135;   Aet«,  Up»al,.  voU  iv,,  p.  M. 

ft  Ttt«  DtBcen  of  the  Ctimte  d'Artoit  f^te  a  delailed  4etcrip4ton  of  thii  eclipue  tO  h% 
GcQij],  urbo  hu  \»\vfi\-  ariutki!  to  it  in  Ihr  begmning  of  iJie  second  volume  of  liil  work. 
Fs^Mje  dv»M  {et  Men  t/e  I' J  tuft,     Paris,  17B1 . 

ft   Pbit.  Tranv,  177!).  p>  105,  ct  wq. 

a  Tbfl  loul  nbpL-unUon  commenced  At  44  minutet  pitt  t^reo  o'clock  En  Ihe  aftersoon. 
(l*hiLTr««..  J  7  79.  p.  107.) 

nil  Ain«r.  PhtU  Tnnt.,  vol.  iri.,  p.  964,  «t  teq. 
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On  thdi  30th  of  November,  1834,  there  happened  a  total  eclip^  of  the 
sun,  which  was  visible  ia  Georgia  aad  Soutli  Carolina,  U.S.  At  Milledg^- 
TJlle,  Georgia,  the  pheuomenoii  wa3  obiierved  by  ihe  French  astronomer, 
Nicollet*.  The  total  olpscuratiou  lasted  i™  15".  At  Beaufort,  SouUi  €&- 
roliiia,  two  planets  and  four  stars  of  the  first  nwignitude  were  Tiaible  to  the 
naked  eye  t- 

A  total  eclipse  of  the  sun  depends  upon  the  concurrence  of  so  minj 
circumatancea,  that  an  opportunity  of  observing  a  phenoraenon  of  tbb 
nature  seldom  occurs  to  the  astronomer,  even  if  the  place  where  it  is 
visible  were  invariably  favourable  for  that  purpose.  When  it  is  ctm- 
sidered,  however,  that  the  track  of  the  lunar  shadow  is  not  infrequ^ntlj* 
confined  to  a  region  remote  from  the  great  centres  of  European  scicwcft, 
it  may  easily  be  conceived  that  an  astronomer  may  pass  hia  whole  life- 
time without  enjoying  the  gratification  of  witnessing  so  impressive  t 
spectacle.  An  intense  interest  was  therefore  natiii'ally  exciicd  by  tho 
approaching  occurrence  of  the  total  eclipse  of  July  8,  1843,  which  ism 
announced  to  be  visible  in  the  north  of  Italy,  and  in  the  southern  pro- 
vinces of  Fviince,  Germany,  and  Russia.  Many  of  the  most  emineatas- 
trotjotners  of  Eui-upe  repaired  to  diiforent  stations  upun  the  track  af 
the  lunar  shadow,  with  the  intention  of  observing  the  phenomenoD, 
M.  A rago  awaited  its  occurrence  at  Perpignan ;  M.  Valz,  at  Marseilles; 
M.  Petit,  at  Montpellier;  the  late  Mr.  Bai!y,  at  Pavia;  Mr.  Aiiy, 
at  the  Superga,  oeur  Turin;  M.  Carlini.  at  Milan:  Mil,  Siu)tini< 
and  Conti,  at  Padua;  MM.  Schumacher  and  Liilrow,  at  Vienna; 
and  MM,  Otto  Stmve,  and  Schidlowsky,  at  Lipesk.  It  was  vitue»9d 
under  favourable  circumstances  at  all  these  station's,  as  well  is  ftt 
several  other  places;  and  detailed  statements  respecting  it  were  drawn  np 
by  the  various  observere,  which  have  formed  the  groundwork  of  moch 
interesting  speculation  J,  The  following  account  of  the  occarreuce  of  lb« 
eclipse,  by  M.  Ai-ago,  cannot  fail  to  repoy  perusal  by  the  reader. 

•'  At  PerpignftTi,  persona  viho  were  seriously  unvsell,  alone  remaiued 
■within  doora-  As  soon  as  day  began  to  break,  the  population  covered  the 
terraces  and  battlements  of  the  town,  as  well  as  all  the  little  eminetww 
in  the  neighbourhood,  in  hopes  of  obtaining  a  view  of  the  sun  a?  be  M- 
ccnded  above  the  horizon.  At  the  citadel  we  had  under  our  eyes,  besid«» 
numerous  groups  of  citizens  established  on  the  slopes,  a  body  of  soldien 
about  to  be  reviewed. 

"The  hour  of  the  commencement  of  the  eclipse  drew  nigh.  iJow 
than  twenty  thousand  persons,  with  smoked  glasses  in  their  bands,  w^ro 
examining  the  radiant  globe  projected  upon  an  azure  sky.  Althaagb 
armed  wiih  our  powerful  telescopes,  we  had  hardly  begun  to  discern 
the  small  notch  on  the  western  limb  of  the  sun,  when   an   immensa 


*  Silliman'a  Amcr.  Jnurnal,  vol.  xxtlIi.,  p.  193. 

f   SiUiman's  Journnl,  vdI.  xlii.,  j),  175. 

X  Meiwra,  Baily  anJ  Airy  have  given  descriptiuns  of  (he  eclipse,  in  ToL  sit.  of  tbe 
Memoin  of  the  Astromimicnl  Sotie!tf.  The  observationa  of  the  French  AsfronoiiMit 
are  iiH  given  hy  M.  Arago  in  the  Annunire  for  1845.  In  vol,  iv.  of  the  Giomak  dJt 
htituh  Lombardo,  ihciv  are  interesting  comirtunicatiDRa  rci^ppcting  tbe  phenacMaott, 
hy  M.M.  Piola,  Carlini,  B(;ll),  SAntmi.and  Cnufijrhtiachi.  M.  SchumachtT  hat  giiTHM 
account  ot  ihc  c^rtipse  in  ho,  4itJ  of  tlia  AstTQnomische  Nudtrickttn,  An  accooi 
the  observatifiriB  of  M.  Otto  Stmve  and  his  cniieajitie  is  inserted,  in  No,  470  of  lh«l 
mentianed  Jouirnui.  In  ||ii>  Annualre  far  1645,  M.  Arago  has  collected  nnd  urangdAl 
I  he  ubnervgtione  of  the  eclipse,  arirl  hoA  discu^vcd  them  in  tlii>  same  volume,  with  the 
ability  which  cfaaract^rizct  all  iho  bh$nr»  of  that  iltuHlrious  philosnpber. 
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on,  formed  bv  the  bleiidiog  together  of  twenty  thousand  dif- 
iceg,  announced  to  ua  that  we  had  autk-ipated  by  only  u  few 
seconils,  the  ohservtvlion  nmde  with  the  unaided  eye  by  tweuty  thotisuiid 
astronomers  equipped  Jor  the  oceoiion,  whose  first  essay  this  was.  A  lively 
curiositj,  a  spirit  of  tmuItiUon,  the  desire  of  not  being  ontdojio.  h»d  the 
prrriUge  of  giving  ta  the  nataral  viaion  an  unuaual  power  of  penetration. 
Daiiag  the  interYal  that  elapsed,  between  this  moment,  and  the  almost 
total  disappearance  of  the  stiTi,  we  remarked  nothing  worthy  of  relation,  in. 
th6  coontenancea  of  bo  many  spectators.  But  when  the  sun,  reduced  to  a 
very  narrow  filament,  began  to  throw  npon  the  horiion  only  a  very  feeble 
Hghc,  a  sort  of  uneasiness  seized  upon  all;  every  person  felt  a  desire  to 
eommunicate  his  ioiprasdona  to  those  around  him.  Hence  arose  a  deep 
iBIiTsiur.  resembling  that  sent  forth  by  the  distant  ocean  after  a  tempest. 
Thm  ham  of  voices  increased  in  intensity  as  the  solar  crescent  grew  more 
dtoider ;  at  letigth  the  crescent  disappeared,  darkness  suddenly  succeeded 
ligbt,  and  an  absolute  silence  marked  this  phase  of  the  eclipse,  with  as 
graat  precision  as  did  the  pendulum  of  our  aj^tronomical  clock.  The  phe^ 
aamenon  in  its  magnihccncc,  haJ  triumphed  over  the  petulance  of  youth, 
o»er  the  leriiy  which  certain  persotts  assume  as  a  sign  of  superiority,  over 
l&e  BOisY  indifTerence  of  which  soldiers  usuully  make  profesaion.  A  pro* 
imnd  stillness  also  reigned  in  the  air ;  the  birds  had  ceased  to  sing. 
•*  After  an  interval  of  solemn  expectation,  which  lusted  about  two  minutes, 
I  transports  of  joy,  shouts  of  enthuj^iafitic  applause,  saluted  with  the  same 
lorord,  the  same  spontaneous  feeling,  the  first  reappearance  of  the  ravs 
«[  the  snn.  To  a  condition  of  melancholy  produced  by  sentiments  of  an 
odefiDable  nature,  there  succeeded  a  lively  and  intelligible  feeling  of 
I  Mtiitfutioii  which  no  one  sought  to  escapo  from,  or  moderate  the  impulses 
'  rf*.  To  the  majority  of  the  public,  the  phenomenon  had  arrived  at  its 
I  tenn.  The  other  phases  of  the  eclipse  had  few  attentive  spectators  beyond 
the  persons  devoted  especially  to  astronomical  pursmta."f 

The  interval  of  time  during  which  the  sun  was  totally  hidden  behind  the 

duk  body  of  the  moon  was  comparatively  brief,  even  at  those  places  which 

were  most  favourably  situated  for  observing  the  phenomenon.     At  Perpig- 

naa,  which  was  close  to  the  centre  of  the  lunar  shadow,  the  total  obscura- 

I  tin  lAated  only  '2*°  1 1».    At  Pavia,  the  diiratioti  of  the  totality  waa  2^  *2i\ 

f  At  Tenice,  which  was  situate  near  the  southern  limit  of  the  shadow,  the 

dotation  was  only  43*.     In  the  regions  of  eastern  Europe,  the  total  obscu- 

ri^  lasted  somewhat  longer.     At  Lipesk  the  duration  extended  to  ti'°  5*. 

|]      The  luminous  ring  usually  seen  around  the  moon  during  a  total  eclipse 

L|Ctb0  son,  appeared  on  this  occasion  with  great  splendour.     There  were 

Hjlo  pOTccived,  three  rose-coloured  protuberances  of  sensible  magnitude 

^K#ppareint  contact  with  the  moon's  limb.     The  darkness  which  prevailed 

^^ping  the  totality  of  the  eclipse  was  considerable.     Sig.  Piola  states  that 

^^Lodi,  the  planet  Mars,  two  alars  of  the  constellation  Gejnini,  Aldebaran, 

•  la  cunnexion  with  lliia  remarli,  t!ic  fbllowins  anecJofD,  irliicli,  according  to  M, 
Angu,  af>{>c*r^  in  the  Joumut  ofthf.  Lmetr  Alps,  of  July  fl,  1842,  C4innot  fail  to  prora 
MtHuthig  fci  the  reader.  A  poor  clutd  of  the  cominune  of  Sieyc«  n»s  natcliing  ber  flMk 
■ken  tbtecltpK  commenced.  Eottrelj  Tgnunint  of  the  event  irhich  was  ApproAcMngj 
■hciw  mtb  uixjetj  the  tun  darkeo  bj  degree*,  for  tticre  was  no  clouil  or  vapour  visible 
^Ineb  might  socount  for  tlie  pheuoinenon.  When  Uii;  light  diekapiJi-sir^  till  at  ouce,  the 
pMT  ehiU,  io  ibe  height  of  ber  terror,  li'g&ii  to  weep,  atitt  call  out  for  help.  Her  tcan 
*V*  itilt  flowing  when  the  sun  lent  forth  hia  first  ray.  Reassured  by  tbiB  aspect,  the 
«Ud  cjOMcd  Iver  hands,  e^d aiming,  i»  llie  patoii  of  t'lic  province,  "  O  btou  Swkvn  l" 
(Obeujlifnl  Sunl) 

t  Annuure,  1816,  p,  ^1 
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CapelU,  Si  well  as  several  otber  &tar&  of  tbe  firbt  magnitude,  were  vUllik 
The  citizens  at  Venice  remarked,  with  respect  lo  a  steamboat  which  yw 
pESiiiugoii  the  Lagunes,  during  the  totsilitj  at  the  eclipt^e,  that  thecdusui 
of  siaoUfcs  which  usualljf'  issues  i'rom  ihe  fmmel  vi^  up  longer  visible.  The 
sparks  of  flame  which  the  culunm  dniws.  aluug  with  it,  uppeared  ia  coose- 
quence  to  he  isolnieii,  and  prudo-ced  a  very  beaut tlul  effect*. 

The  appearance  presented  by  surrounding  objccLA  during  tfaei  eclipa«  Wi 
very  rejnorkable.  M.  Lentberic  haa  stated  that,  at  Mouipellier,  4  liwifl 
before  the  commeucemeut  of  the  totaliij  of  the  eclipse,  the  light  hjd 
acquired  a  livid  and  ashy  tint,  iwpoxtiog  to  the  btiman  coutiteuauce  m 
aspect  which  was  painful  to  contemplate.  IVJM.  Pioand  and  Boiiiginnl 
rdinarked  that  at  Karhontie,  m  the  eclipse  advanced,  the  oUscuhtj 
assumed  a  character  quite  peculiar.  It  had  a  W(Ui  and  livi4  liui», 
a  shade  of  greyi&h  olive,  which  seeraed  ta  throw  ovtr  nature  a  ?dl  of 
mourning.  At  Lodi  the  aspect  of  the  heavens,  according  to  Sig.  Pioli, 
waa  very  strikhi>^.  There  were  seen  two  reddish  zones  eileudiog  along 
the  horizon,  one  in  the  southeru  and  the  cjther  iu  the  iiortharu  region  of 
the  heavens-  They  vrnvii  of  a  dull  cupper  coloui*,  totally  different  from 
iho  ruddy  hue  of  the  aurora  or  the  twi^light.     The  re&t  of  the  heavens 

fiossed  without  any  dcgrmlatiou  to  a  dai'k  azure  inclining  to  violet-  lu 
ight  rejected  by  the  watei*s  of  thp  Po  and  the  Lake  of  Li:ccii  imparted  to 
them  au  aspect  which  iuspirud  terror.  At  Lipesk  the  beaveoa  appeu«<t 
of  a  greyish  violet.  Tb©  slurs  AlUcburan  aud  »  Orion i*,  wbi*;!!  w* 
UBuallj  red,  apjieared  qiuic  tcbile.  It  was  rcuiarked  by  all  observeni,  iiai 
tbe  spectacle  presented  during  the  totality  of  U;e  eclipse  was  of  a  ^ery 
appalling  nature. 

A  great  tiumhcr  of  interesting  facts  >vere  noticed  respectiug  thd  eflieclt 
produced  upon  auimals,  hy  the  sudden  transition  from  day  to  ulgbl,  M- 
Arago  states,  that  iu  many  instances,  hordes  and  other  ouimals  emplojol 
in  Ifthour,  halted  all  at  once  when  tbe  eclipso  became  total,  lay  down,  *uil 
obstinately  refused  to  move  in  spite  of  whip  or  spur.  At  Montpelli*^''- 
according  to  AI.  Lotitheric,  the  hats,  thinking  that  night  w&s  come,  loft 
their  retreats.  An  owl  was  seen  to  leave  the  tower  of  St.  Peter  mi,  flj 
over  a  part  of  the  town;  the  ewallows  disDtppeared ;  the  fowls  went  Ui 
roost;  a  herd  of  cuttle  feoding  in  a  tiold,  fomied  thamselves  into  ^  ain:le, 
their  heada  directed  outwards,  aa  if  to  resist  an  attack.  Al  Venice  aiml- 
lows  were  caught  in  the  sti'eetb,  the  tenor  with  which  they  were  mid, 
having  taken  from  them  the  power  of  tlight.  On  the  oth^  band,  U 
Arago  states  it  to  he  a  well-asuertoined  fact,  that  tlic  borees  empldjrtJ 
in  the  diligences  coutiuued  to  pursue  their  courses^  without  seeming  to  ^ 
in  the  slightest  degree  oiTccted  by  the  phenomenon. 

Tijo  efVect  of  the  obscurity  upon  those  plants  which  usually  close  up 
thtir  leaves  during  night,  was  \ery  ajipareut.  At  Pradaj  in  i'rsoce,  it 
Milan,  and  at  Vienna,  it  was  found  iliat  sevefal  plants  had  closed  up 
during  the  totality  of  the  eclipse. 

With  rospci.t  to  the  variation  of  the  thermometer  during  the  ecUpst 
M.  AragQ  remarks  that  it  was  not  s(v  considerable  m  might  have  Imki) 
supposed  from  the  impresidon  of  cold  upon  the  handa  and  faoa.  At 
Perpignan  a  thermometer,  plaood  in  the  shade,  descended  3"  on  the  ceo- 
tigrade  scale.  With  respect  to  the  thermometers  exposed  to  the  direct 
ai^tion  of  the  solar  rays,  the  variation,  of  course^  was  tnucb  greater*  A 
thermoiueler  with  a  black  bulb,  contained  iu  a  globe  of  glas^.  tsom  tchtd) 
Giarofile  dell'  Iniituto,  di^l  Lcnabafdoj  Iqeq.  ir.,  p,  Sift 
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lb«  ttf  «aA  axbausted.  being  exposed  to  the  sun,  was  found  to  have  de- 
•oenddd  6*."  between  b^  C"'  aud  ii''  48"*.  A  tliertnometer  with  a  bulb  of 
otdimr^r  gUss  descended  6°  5  betweeu  S"^  lO'"  and  S^*  48»^.  At  the 
«Mioaa  placet  of  Italy,  where  ob^arvutions  of  this  nature  were  made,  the 
HiMTi  descent  of  the  thermomeler  \ias  2°.d  Keaumur.  At  Lipesk.  M. 
Olto  Strafe  foand  that  a  thermometer  placed  in  the  shade  fell  3°  Re&u« 
mur^  At  PerpigTian,  Turin,  Vienna,  and  several  other  places,  tn  heavy 
dfiw  fell  during  the  obscuration. 

The  total  eclipse  of  July  8,  1842,  afforded  an  interesting  illitetration  of 
tiie  high  state  of  perfection  which  astronomical  science  has  attained,  in  the 
fidelity  with  whit^h  it  responded  to  the  calculations  that  had  been  pre- 
rioualy  made  respecting  the  time  of  iv=  occurrence.  The  coincidence 
which  subsisited  iii  ibia  respect.  couiLtned  ivith  the  remarkable  phenomena 
vittcln  preicnted  themselveii  duniij|  the  obscyration,  were  also  well  cal- 
tdstod  to  elevate  the  mind  to  a  contemplatiou  of  the  Etenml  Being 
vho  directs  the  movemeiu^i  of  the  celestial  bodies  with  such  unerring 
Mgularity,  and  eieniisea  auch  an  all-pervatling  itttluetice  over  the  iu- 
nutuembie  anmngenients  of  crMtiou.  Although  in  Etiropean  oountriea 
a  IoIaI  eclipse  of  the  sun  is  no  longf^r  regarded  vvitli  feeling's  of  super- 
tfUaoaa  terror,  it  would  ha  forming  an  opinion  of  human  nature  eguaJly 
PWittoua  toid  ignoble,  t«  tuppoae  that  in  the  present  advanced  ^tate  of 
mrffiltlioii,  a  ipeotacle  of  such  tiublimity  could  be  viewed  with  sceptical 
hdilbrenee.  "All  the  accounts  respecting  thia  eclipge."  says  &ig. 
Piota.  "  contain  reflect iona  on  the  perfection  of  that  great  machine  of 
tkd  universe,  whose  movementa  are  no  re^'iikr  that  the  Ei:»trotiomer  is  en- 
•Uid.  Itmg  beforehand,  to  predict  their  etTecta  with  unfailing  prec-isiou  ;  and 
^m  contemplating  the  machine,  it  waa  natural  to  a^eiui  to  tho  Supreme 
Artiticer.  While  this  idea  ewells  iu  the  mind,  tliere  is  another  whieh,  at 
the  fame  time,  shrinks  into  inaigiii&-ance — that  sii(j[getjted  by  coutem- 
f'kting  the  position  oi  man  in  the  midst  of  oreation.  The  raagcititieuce 
of  iho  scale  upon  whiiiU  the  phenomena  of  the  eclipse,  whether  atmo- 
•pberic  or  celestial,  touk  placte,  waa  patent  to  every  8pectjiU>r.  The  exten- 
•ite  colomtion  of  an  unusual  hue,  that  was  visible,  the  rapid  cbangea 
wkieh  occurred,  above  all  the  obscurity  which  settled  over  nature  like 
the  funereal  pall  thrown  over  a  dead  body,  and  whose  subsequent  with- 
dftwal  in  an  insttiut,  operated  like  a  reaurrection — alt  this  produced  ou 
lbs  mind  a  mixture  of  profouud  and  iude6nable  impreasions  which  it 
■ill  be  pleasing  to  hold  long  in  remembrance. "^ 

AwMmg  the  varioos  eclipse !i  of  the  auu  recorded  a^  having  happened  in 
tameat  times,  some  were,  in  all  probability.  anmiUir:  but  in  nu  instance 
in  tho  descriptian  of  the  writer  sufficiently  clear  to  estaUii^b,  beyond 
•n  dloabt^  tlie  actual  oocuiTence  of  an  eclipse  of  ihii  mitnre.  The  earliest 
(elips0,  which  u  unequivocally  asserted  to  have  been  annulaf,  was  one 
vhtch  occurred  in  the  year  16t^7.  Clavius.  who  observed  it  at  Borne,  liaa 
itated  that,  when  the  obscuration  was  greatest,  there  filill  remained 
troutid  the  moon's  limb  a  very  narrow  ring  uf  the  solar  light  §.  Kepler, 
howrver.  found  by  calculutiun,  that  the  ijuu  mu^t  have  l»eeti  totally  covered 
^  liie  Rtoan  ou  that  ixrasion,  and  upon  this  gruuiid  he  muiuluined  that 
am  lioniBiKiB  fhig,  obiierved  by  Clavius,  was  uu  other  than  the  cvromi 

'  The  tolaJ  obicuration  com inc need  at  5**  46"'  51'  a.m. 
t  Bibliotli^iie  Univenehe  de  Oenivot  m).  xliv..  p,  S(i&. 
I    Giomal*  lUl'  Ltiiuto  del  Loint»rdo,  lom.  iv.»  p.  320. 
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of  Hglit  wUicb  usually  appears  around  the  moon  daiin^  a  total  eclipse  of 
the  Bun+. 

Tyelio  Bralie,  misled  by  an  erroneous  dctctrnination  of  tbe  app&retit 
diametarsof  the  sun  and  monon.came  to  tho  conclusion  tiuit  a  total  eclipse 
of  the  aun  waa  impossiblo,  and  that,  in  fact,  all  central  eclipses  of  tW 
body  were  necessarily  annular.  In  accordance  with  this  view  of  the 
Bubjectj  he  contended  that  the  eclipse  of  1500,  observed  at  Coimbra  by 
Clavius,  &»  well  as  the  eclipse  of  15S)8,  observed  at  various  places  in  the 
North  of  Europe^  both  of  which  were  reputed  to  have  been  total,  wereifi 
reality  annular.  It  has  been  ascertained,  however,  that  in  each  of  ihm 
instances,  the  ajiparent  diameter  of  the  moon  was  less  than  that  of  tlM 
sun;  and,  therefore,  it  follows  tbnt  during  a  short  interval  of  timie  lilt 
sun  must  have  been  totally  concealed  from  observation. 

In  1601  there  happened  an  eclipse  of  the  sun.  which  appeals,  berond 
all  doubt,  to  have  been  annular  iu  Nonvay.  LongomoutanuH  aasert^. 
upon  the  authority  of  Fossius,  Bishop  of  Bergen,  thai  the  fisfaermeti  on 
the  neighbouring  coast  perceived  with  great  admiration  the  whole  body  of 
the  moon  projected  upon  the  sun,  Icavinj^  uncovered  a  uniform  ring  of 
the  solar  disk,  about  a  digit  and  a  half  in  breadth  f.  An  annular  edips* 
was  also  observed  by  Bouillaud,  in  the  year  1630*. 

The  first  aunular  eclipse  respecting  which  we  possess  a  detailed  account, 
was  one  which  happened  on  February  IB.  17117.  It  was  obseired  in 
Scotland  by  tho  celebrated  mathematician,  Maclaurin,  who  communicated 
to  the  Royal  Society  an  interesting  paper  respecting  it,  which  appears  in 
the  volume  of  the  Transacfiotn  of  that  body  for  the  aam©  year|.  The 
annular  eclipses  which  bave  since  been  observed  are  those  of  1 748,  1764, 
]7fH.  1820,  1831,  J 836.  1B38.  and  1847. 

We  wow  proceed  to  notice,  in  detail,  the  phenomena  which  genemllt 
characterise  solar  eclipses,  and  to  give  a  brief  account  of  the  vau-ious  apectt 
latipng  that  have  been  pro|>ounded  respecting  their  physical  origin. 

It  has  beeu  univerfsalty  remarked  tbat  during  the  progress  of  eclipstt 
the  colour  of  the  shf  undergoes  a  change.  Halley,  in  his  account  of  ihiS 
total  eclipse  of  1715,  speaks  very  explicitly  upon  this  point.  "  Whea 
th©  eclipse,"  says  he,  "was  about  ten  digits  (that  is,  wlien  about  five-sixlt* 
of  the  solar  diameter  were  immersed),  the  face  and  colour  of  the  sky 
began  to  change  from  perfect  serene  azure  blue  to  a  more  dusky  livid 
colour,  intermixed  with  a  tinge  of  purple,  and  grew  darker  and  darker  till 
the  total  immersion  of  the  sun."||  Tbe  observers  of  tbe  total  eclipse  of 
July  8,  1842,  all  concur  in  asserting  that  tlie  colour  of  tbe  sky  underweat 
a  remarkable  cbango  during  the  progress  of  the  obscuration  ;  but  thejr 
differ  materially  in  the  details  which  thoy  furnish  respecting  the  pheiKH 
menon.  M.  Arago  remarks  that  these  discordances  are  maiuly  attributable 
to  physiological  causes  connected  M'ith  the  organ  of  vision ;  and  as  it  i* 
impossible  to  arrive  at  an  adequate  appreciation  of  the  influence  of  thesa 
causes,  he  considers  that  any  enquiiy  founded  upon  the  statements  of  the 
various  observers  would  be  altogether  useless,  more  especially  aa  tiiey  aw 
for  tbe  most  part  destitute  of  precision.  He,  therefore,  undertakes  simpl; 
f  0  investigate  the  effect  which  the  progress  of  tho  eclipse  tends  to  produce 
upon  the  colour  of  the  utniospheric  light,  in  any  particular  region,  without 


*   Ad  Vite[lian.ein  ParnHponienii,  p.  £^. 
f  Astrdtiomia  Danira,  lib.  3,,  cap.  9.  \  Abtranomia  Philolatc*,  Hb.  It.,  p.  -K^ 

5  Fliil.  Trans.,  1737,  p,  177,  ct  acq.  ||  Ibid,  171  J,  p.  247. 
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ffikiag  into  accoQiil  the  tnodifjing  influence  of  extraneous  causes,  selecting 
for  this  purpose  the  region  which  is  vertical  relative  to  the  spectator. 
He  remarks  that  every  particle  of  the  atmosphere,  although  illuminated 
maiolj  by  the  direct  rays  of  the  bud,  is  also  aflected  in  some  degree  by 
the  light  Teflecled  in  every  direction  from  the  other  particles.  During 
progresa  of  the  eclipse,  the  region  of  the  atmosphere  which  lies  verli- 
ly  above  the  spectator,  ceases  gradually  to  be  illuminated  by  the  direct 
lys  of  the  sud,  while,  on  the  other  liand,  it  is  constantly  exposed  to  the 
Kme  intensity  of  reflected  light  from  the  region  which  lies  in  the  horizoa 
«f  particles  situate  at  a  great  altitude  above  the  place  of  ohserTation,  for 
the  sun  still  continues  to  shine  upon  that  region  with  all  his  force.  The 
proportioD  of  direct  to  reflected  hght  continues  to  diminish  as  the  eclipse 
mereiises  in  magnitude,  until  at  length  the  reflected  light  produces  a 
more  intense  effect  than  the  direct,  and  thereby  determines  the  visible 
eobar  of  the  sky.  Now  it  is  a  fact  which  cannot  fail  to  have  come  under 
ibit  obsorvation  of  every  person,  that  the  rays  of  light  proceeding  frara 
CbOM  regions  of  the  atmosphere  that  lie  near  the  horizon,  invariably  differ 
ia  haft  from  those  which  are  trauamitteJ  from  the  more  elevated  regions. 
it  follows*  therefore,  as  a  necessary  consequence,  that  the  colour  of  the 
skj  in  the  region  which  is  vertical  relative  to  the  spectator  will  undergo 
i  perceptible  change*. 

This  explanation  is  very  ingenious,  but  it  does  not  give  a  satisfactory 
•octoutit  of  the  uiinatiiral  aspect  which  the  sky  exhibits  during  an  eclipse, 
mid  which  haa  been  universally  remarked  to  be  totally  different  from  the 
Bpipearance  of  the  dawn  or  twilight.  It  is  to  be  horne  in  mind,  huwcver, 
tbftt  the  circumstances  which  determine  the  faint  illumination  of  the 
atmosphere  during  an  eclipse,  although  analogous  to  those  upon  which 
die  phenomenon  of  the  dawn  or  twilight  depends,  are  not  absolutely 
,  idenliual  with  them  ;  and  hence  it  is  not  improbable  tliat  the  ditferent 
nmdition  of  the  light,  arising  from  this  causae,  may  produce  the  jmllid  hue 
itbii^  is  visible  during  an  eclipse. 

It  has  been  found  that  while  the  colour  of  the  sky  changes  irery  aen- 

libly  during  eclipses  of  the  sun,  a  similar  effeet  is  also  produced  upon 

terrestrial  objects.     Even  as  early  as  the  year  H40,  a.d.,  it  was  remarked 

lliat  during  the  total  eclipse  of  the  sun  which  happened  in  that  year,  the 

colours  of  objects  on  the  earth  were  changed  t,     Kepler  mentions  that 

(itiring  the  solar  eclipse  i^hich  happened  in  die  aottimn  of   1I>U0,  the 

reapers  in  Styria  noticed  that  everything  had  a  yellow  tinge  J,     It  was 

remarked   by  61 M.  Pkutade  and  Clapies^  on  the  occasiou  of  the  total 

■rjiplipse  of  1706,  iliat  as  the  obscuration  increased  or  diminished,  objects 

feHbuiged   their   eolour.      When   two-thirds  of  the   solar  diameter   were 

^^Utpsed,  they  assumed  the  colour  of  orange  yellow;  when  there  was  only 

^l^ut  the  twenty- tlfth  part  of  the  diameter  visible  they  assumed  a  rcddiah 

^■Mjff,  resembling  water  that  has  been  diluted  with  wine. 

Sir  John  Clarke,  in  an  account  of  the  annular  eclipse  of  1737,  states, 
that  there  was  no  considerable  darkness,  but  that  the  ground  was  covered 
with  a  kind  of  dark  ffmnish  colour  I. 

In  Le  Gentirs  brief  description  of  the  total  eclipse  of  1700,  it  is  stated 
th4t  during  the  greatest  obscuration  objeeta  assjumed  a  tiiitjti  of  Imd 
ifellotPf  which  produced  a  vei^  remarkable  effect  |[. 

•   AnnuiiTe.  1846,  p.  29G.  t  Ad  Vitellioncnj  PBralipomctja,  p.  294. 

t  Ad  Vilellionem  Paraliporaena,  |>,  :JOS.  §  PlwK  Trans.,  1737,  |i-  15>7. 

II  ^'oyage  dans  hi  Mera  de  ri»di>,  tome  i).,  p.  IG. 
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During  tlie  total  eclipse  of  1^43,  it  was  uniTersally  remarked  Ihiit  the 
colours  of  terrestxiftl  objects  were  changed. 

M.  D'Hombres-Firmna  perceived  that  when  three-fourths  of  the  mn 
were  eclipBed,  objects  of  a  reddish  colour,  and  the  human  countenatiM 
egpecially,  appeared  paler,  and  acquired  art  ol'nc  hue.  Accorditig  to  M. 
XiOrdtitj  a  f€W  TninuteB  before  the  commencement  of  the  totalitj  of  ihfl 
eclipse,  objects  appeared  to  have  a  slight  tinge  of  rellow  ;  the  light  anon 
became  wan  find  livid  ■  in  certain  positions  the  human  countenance  bid 
a  cadaverous  aspect  *. 

Sig.  Piolft  states  that  the  obserrera  of  the  eclipse  in  Italy  generally 
remarked  that  tawarda  the  total  obscuration  objects  assumed  a  greeuisD 
tin  go,  which  poseed  gradually  to  a  aaffron  hue.  or  to  yiolet.  as  aome  of  tlia 
observers  asserted f.  According  to  Mi-a-  ^Viry,  the  effect  produced  ms 
like  looking  at  objects  through  a  very  dark  greeniah  glass ^, 

It  is  manifest  that  the  aspect  of  terrestrial  objects  cannot  fall  to  be  affected 
by  the  change  of  colonr  which  the  atmospheric  light  undergoes  duriogtbe 
progress  of  an  eclipse.  It  nauuot  be  doubted,  however,  that  the  phe- 
nomena above  mentioned  are.  to  a  considerable  extent,  attributable  to  the 
influence  of  contrast.  Moreover,  it  is  to  be  remarked  that  the  physio- 
logical constitution  of  the  eye  tends  to  produce  a  modifying  effect  upja 
the  specific  hue  of  objects.  Under  these  circumetaaces,  it  would  obviously 
be  premature  to  make  such  observations  as  those  above  cited,  the  grouftd- 
vrork  for  deducing  any  sound  conclusions  of  a  general  nature. 

The  darkness  which  prevails  during  a  total  eclipse  of  the  sun  h  not  BO 

?rnfound  a^  might  he  expected,  nor  as  it  is  generally  supposed  to  he. 
'errer,  in  his  account  of  the  total  eclipse  of  1800,  states,  that  even  when 
the  effect  pruduced  by  the  interception  of  the  solar  rays  was  at  its 
majtimum,  the  light  which  fitill  remained,  was  equal  to  that  of  the  foil 
moon§.  In  general,  it  has  been  found  that  the  darkness  is  sufficiently 
intense  to  prevent  a  person  from  reading,  although  there  have  not  been 
wanting  several  instances  of  a  contrary  nature.  Mr.  Airy  has  remarked 
that  the  illumination  during  the  total  eclipse  of  184*-i  was  so  small,  that 
he  could  with  difficulty  read  the  divisiona  on  the  watch-plnte,  tvhich  was 
within  eight  inches  of  his  eje.  The  faint  visibility  which  continues  to 
stibsist  even  when  the  sun  is  totally  concealed  behind  the  dark  body  of 
the  moon,  arises  mainly  from  the  light  reflected  by  those  regions  of  the 
atmosphere  which  are  still  illuminated  by  the  direct  rays  of  the  sim,  II 
is  evident,  however,  tliat  the  corona  around  the  moon  will  also  contribate 
in  some  degree  towards  producing  the  effect.  The  observation  of  Don 
Ulloa,  relative  to  the  tlarkness  which  prevailed  during  the  total  eclipse  fff 
1778,  is  very  decisive  upon  this  point.  It  1ms  been  mentioned  that  it 
the  commencement  of  iho  total  obscuration  he  was  enabled  to  percette 
the  stars  of  the  second  magnitude,  but  that,  after  the  appearance  of  the 
luminous  ring,  only  those  of  the  first  maguitude  were  visible. 


•  Annuftire,  1840,  p,  291. 

•f  Giomak'  tkll'  Isiitulrj  del  Lotnb.,  Irrnie  iv.,  p.  904. 

I  Mem.  Ast,  Soc.  vol.  nv,,  p.  17,  In  ttiui  iiring  the  libertv  »f  d inkling' the  otef- 
v»lioa  cited  by  Mr.  Airy,  of  \]k  anonytBDua  clmracter  in  wliicb  he  has  presenled  il  in  Ut 
paper  on  ihe  eclipsu,  \\ie  aulhor  pleads  the  example  of  SI.  Arapo,  upon  whoje  matorit^r 
alone  he  hwi  hecn  induced  (o  adopt  a  eouree  which  is  at  all  limea  desirable^  htiti  mor* 
especially  »d  whch  the  ftubjcet  ii  of  an  liiatcmcal  nature,  as  it  happeos  to  be  in  th«  prt- 
sent  intUtiCi^. 

§  Tnai.  Amen  Phit.  Soc,  vol,  vi.,  p.  a66i 
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Tb*  fliirkness  which  prevmls  during  thp  tolal  ohseumlioo  of  the  sun, 
do«  not  Appear  to  be  equally  profound,  when  the  observations  of  different 
eeltpses  are  compared  together :  aor  eten  at  different  places  where  the 
aatne  eclip*e  has  been  ohserred.  This  arises  parlljr  from  ibe  variable 
condition  of  the  atmcwphere,  and  partly  from  the  circumstance  that  during 
an  eclipae  all  places  are  not  equally  immersed  in  the  moon  s  shadow.  It 
I9  manifest  that  all  those  places  which  arc  situate  close  to  the  boundary 
of  the  louar  shadow,  are  eitposed  in  a  greater  degree  to  the  light  reflected 
firrai  the  regicma  of  the  ftlmosphere  upon  Tvhich  the  sun  is  still  shining, 
than  are  the  places  eontignous  to  the  centTft  of  the  shadow.  It  was  upon 
this  prindpie  that  Haller  explained  the  fact  that  at  Ijondon  the  obscurity 
during  the  total  eclipse  of  1715,  was  less  intense  than  that  which  pre- 
Tailed  in  xarious  other  parts  of  England  that  were  more  deeply  immersed 
m  the  lunar  sbadow*. 

A  fact  wag  noticed  dtiritlg  the  total  eclipse  of  1^45,  which  deserves  US 
be  mentioned.  Sig.  Piola  states,  that  at  Lodi,  the  darkness  during  the 
totality  of  the  eclipse  was  equal  to  that  by  which  the  stars  of  the  second 
magnitude  are  usually  di-?cemed,  ajid  yet  only  tho^e  of  the  first  magnitudd 
were  risible  f.  A  similar  remark  wa*  made  by  M.  Otto  Stmve,  with. 
f«pect  to  the  same  ecIipRe.  He  states  that  at  Lipesk  the  darkness 
mrpaftsed  in  a  small  degree  that  which  reigns  at  St.  Peteriburg  during 
the  smtttner  solstice ;  but  that,  while  in  the  latter  case  the  stare  of  ths 
third  magnitnHe  are  usually  distemible  xrithout  any  difficnlty,  in  the 
fonner  case  those  of  the  first  alone  could  he  perceived*.  Sig,  Belli 
nplains  this  curiou.'i  fact  by  reference  to  a  physiological  principle.  He 
remarks  that  duritsg  the  short  interval  of  total  obscuration,  the  eye  haa 
not  sufficient  time  to  recover  from  the  dazzling  effect  of  the  sun's  ravs, 
and  consequently  is  unable  to  take  due  advantage  of  the  obscurity  whuch 
letnallT  prevails  >.  Tliis  is,  doubtless,  the  true  explanation  of  the  anomaly 
ohstttei  on  such  ocf-asions. 

The  suddenness  with  which  day  succeeds  niglit,  upon  the  Tenppeantnco 
of  the  sun  after  undergoing  a  total  eclipse,  has  been  remarked  by  all 
p«rsoB§  who  have  witnessed  a  phenomenon  of  this  nature.  The  first  ray 
of  iho  sun  darts  forth  from  behind  the  moon's  limb  with  a  velocity  that 
has  l»een  compared  to  the  swiftness  of  an  arrow,  a  flash,  of  lightning,  of 
•ome  stfch  cmnlem  of  extraordinary  speed  ||.  According  to  Sig.  Piola.  so 
npfd  was  the  effect  produced  by  the  reappearance  of  the  sun  on  the 
occasion  of  the  total  eclipse  of  1S4*2,  thdt  it  might  be  said  to  have  been 
uight,  and  in  an  instant  it  was  day^.     The  s&ote  observer  stales,  that  it 

*  PhiL  TtSBA.,  17I5t  p.  250.  ^.  Floh  ttft*  cUled  that  per>oni  Ktation(<rt  upon  ih& 
hillt  ar<nitid  BracU^  dunni;  the  tolM  eclipue  of  I&1-2,  tinjoy«^  tJit;  hejiiiiiful  proftpect  of 
tJte  peaks  of  R<j«a  and  Cioione  brilliatitly  illuininaled  bv  lh«  sun's  mys,  wliile  they  ihem- 
*(rei  were  ravolred  in  the  obtcuntjr  of  the  moon'f  »nadAnr.  (  Gwt.  dett'  lid.  Lomtt.f 
p.  310. ) 

t  Giom.  deir  kt  Lorab.,  tome  i?.,  p.  341. 

I  Biblioth^qiie  LTohersclte  de  Oenive,  lomc  iliv.,  p.  308. 

I  Gioru.  dell'  Isi.  Lomb,,  lome  iv,  p.  341, 

I  "  Inrtar  folgorii" — "  inslar  aagiHarum  ra'lii  «>(!*  rept-nte  prorumpent^f  " — "radtoi 
loni iiwtar  ssgiftjp  nrerolairU" — "  fjidiu*  adtnodtim  iltustrb  prorupit,"  &c.,  kc.  Such  are 
liietcTic*  employed  by  the  Luthemn  putors  of  .Swedet},  in  dvsirribiRg  the  reappearance 
of  the  firA  rmys  of  ttip  $iun  on  the  oteiulcm  of  the  total  eelip^  of  I7S&. 

*  M  Xalcbe  ii  note  difc  chc  th  mnnK^cito  era  nttUe  e  fu  giorno  "  (  Giomnlt  dtB  J.  IL 
fmtmte  drj  Lffmoardpt  tatnv  i», ,  ji,  314).  Attempts  have  been  made  lo  delect  the 
niotion  *>f  the  moon'i  shadow  in  the  course  of  ii*  passage  ovtr  the  lu^hcc  of  the  earth, 
T«  eSed  such  ao  object,  howevert  i&  manifc&tjj  a  ver^  difficult  niatler,  on  accouiiL  ol  \hv 
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was  universally  remarlced  by  the  speijtators  of  the  eclipse  at  Lodi,  tint 
the  light  emitted  by  the  aim  previoug  to  the  total  obscuration,  ptoductidn 
much  less  dazzling  effect  than  that  which  distinguished  liis  eraersioD  from 
hehiud  tho  dark  body  of  the  luooa.  In  the  foiTuer  case,  the  specUior 
was  enabled  to  look  upon  the  eun  fur  several  minutes  prei?ioiis  to  tlie  total 
obscumtiou,  without  e.iperienciug  any  iaconvenieuce ;  in  the  latter  ass, 
it  was  impoasible  for  the  naked  eye  to  withstand  the  violent  impact  of  the 
first  rays  of  the  sun.  This  fact  had  been  ahready  noticed  by  Halley,  on 
the  occasion  of  the  total  eclipse  of  1715.  The  Eugliiih  afitroDomer  ia& 
suggested  two  distinct  causes,  to  whose  combined  operation  it  might  be 
ascribed.  Oue  of  these  was  of  a  physiological  nature ;  the  other  implied 
the  existence  of  a  lunar  atmosphere.  He  remarketi,  in  the  first  place, 
that  previous  to  tho  total  obscuration,  the  pupil  of  the  eye  might  Ijc  veiy 
much  contracted  by  \iewing  the  sun,  and,  consequently,  the  orgau  vi 
rision  would  be  less  liable  to  suEFer  irom  the  eflfulgence  of  the  light  ihan 
at  tho  instant  of  emersion,  when  the  pupil  had  again  expanded.  SecomJU-, 
he  suggested  tltftt,  as  the  eastern  margin  of  the  inoon,  at  which  the  sun 
disappeared,  had  been  exposed  for  a  fortnight  to  the  direct  action  of  tii£ 
soliir  rrtys,  the  heat  generated  during  thia  period  might  cause  Tapcnu^  to 
asceud  in  the  lunar  atmosphere,  which,  by  their  interposition  between  the 
Bun  and  the  eaith,  would  have  the  effect  of  tempering  the  effulgence  dI 
the  solar  rays  passing  through  them.  On  the  other  hand,  the  western 
niargiu  of  the  moon,  at  which  the  sun  reappeared,  had  just  experienced  a 
night  of  equal  length,  during  which  the  vapours  suaijeuded  in  the  lunar 
atmosphere,  had  been  undergoing  a  courae  of  precipitation  upon  llu 
moon's  surface  under  a  process  of  cooling,  lu  this  cose,  therefore,  tbe 
Bulav  rays  would  meet  with  less  obstruction  in  passing  tlirough  the  lunar 
atmosphere,  and,  consequently,  it  was  reasonable  to  suppose  that  diey 
would  produce  n  more  intense  effect*. 

It  is  clear  that  both  causes  above  mentioned  might  conspire  together  id 
producing  the  observed  effect.  As,  however,  there  are  no  reasons  for 
supposing  that  the  moon  possesses  an  atmosphere  eajialile  of  e^rercistng 
any  appreciable  influence,  it  is  probable  that  the  true  explanation  b  to  U 
sought  in  the  different  dimensions  of  the  pupil  of  the  eye,  at  the  conx- 
meucement  and  the  end  of  the  total  obscuration. 

The  luminous  ring  that  appears  around  the  mootJ  is  one  of  the  most 
interesting  features  of  a  total  eclipse  of  the  sun.  The  earliest  allusion  to 
it  is  probably  to  be  found  in  the  passage  of  the  Life  of  ApoUonius,  already 
cited,  wherein  the  author  mentions  that  the  death  of  the  emperar 
Domitian  hud  been  previously  announced  by  a  total  eclipse  of  the  sao, 
*'In  the  heavens,"  says  Philostratus,  "  there  appeared  a  prodigy  of  thif 


immense  velocity  with  which  the  eitiitdow  swetips  over  11117^  parlicular  plince  cif  obMfn&w* 
Halley  c.tlcukled  thiit.the  shndon  of  the  c^clipaf  of  l7io  pisHed  aver  Eaglfnd'  tl  tlw 
rale  of  fifiy-Dine  gcngraphical  miles  in  a  midulo  (PkiL  Trans-,  1715,  p.  260).  Mr. 
Airy  hn*  mentioned  in  his  account  of  the  tola!  eclipae  of  1842,  that  he  eude*counjd  to 
detect  the  nrofrress  of  the  liinar  shaduw  as  it  pasHed  over  Ihe  innntiiise  plain  of  Loa- 
bartiy,  but  that  his  eETorts  vrcre  unsucccsafuK  He  adds,  however,  that  MeB&r$.  V\vm  uul 
Forbes  felt  assured  that  they  saw  the  clarLncEs  travel  over  the  country.  TJie  only  nmuk 
of  a  Einnilar  nature  whieh  (he  author  bus  met  with  in  the  account*  of  former  eclipse!  ■ 
contained  in  the  folli>wjfig  cxtmut  from  DuilHcr's  paper  on  the  total  eclipse  of  1706;— 
"  A  little  before  the  (otal  ob^cur&non,  the  cnunirr  on  the  west  side  did  •licfttly  fseis 
overcast  wilh  darktit-^i ;  and  after  ihe  total  obncuratloo,  the  darknem  teat  *«»  to  ltar€  if 
more  and  mere,  and  to  Jh/  eautward"  (PhtL  Traju.t  1706,  p.  2240), 
•  Phil.  Traos.,  I7i:j,p.  248. 
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nattae,  A  certain  corona,  resembling  the  IrU,  Burrounded  the  orb  of  the 
siuIh,  and  obscured  his  light." 

Flutarcbt  also,  about  the  same  tirae.  &11  tides  in  one  of  bis  worlsa  to  the 
phenomenon  of  the  luraioous  ring.  Speaking  of  a  total  eclipse  of  tho 
5UJ1  which  bad  recenlly  happened,  he  endeavours  to  show  why  tlie  dark- 
ness arising  from  occurrences  of  this  natui-e  is  not  so  profound  ss  that 
whiclt  usually  prevails  wht^n  the  sun  is  below  the  horizon.  He  begins 
bf  assuming,  as  the  basia.  of  his  reasoning,  that  the  earth  greatly  exceeds 
the  moon  iu  dimensions.  After  citing  various  authorities  in  support  of 
this  assertion,  he  then  proceeds  thus: — "Whence  it  happens  that  the 
earth,  on  account  of  its  magnitude,  entirely  conceals  the  sun  from  our 

Bight But  evea  although  the  moon  should  at  any  time  hida 

tht  wKote  of  the  sun^  still  the  ecUpsc  i&  dehcient  in  duration  as  well  as 
atoplitade,  for  a  peculiar  i-tVulgence  ia  seen  around  the  circumference, 
which  does  uot  allow  a  deep  and  veij  intense  shadow."*  Jt  cannot 
admit  of  any  doubt  that  the  phenomenon  alluded  to  in  the  above  pas- 
sage is  the  luminous  ring  that  has  been  invariably  observed  around 
the  moon  in  modem  times  on  the  occasion  of  a  tot^  eclipse  of  the 
sanf. 

Ii  would  seem  that  Clavius  ohserred  the  luminous  ring  at  Rome  during 
fljc  eclipse  which  liappened  on  April  9,  If) 67,  although  he  was  not  con- 
scious of  its  real  nature.  It  has  been  already  mentioned,  that  when  the 
obsconilioQ  w&a  greaterst,  he  perceived  n  narrow  ring  of  light  around  the 
moon,  which  he  fiupposcd  to  be  the  margin  of  the  solar  disk.  Kepler, 
however,  maintained  that  the  luminous  circle  seen  by  Clavius,  could  not 
really  be  a  jiorlion  of  the  sun.  lie  found,  in  fact,  by  calculation,  that 
during  the  eclipse,  the  moon  was  at  her  mean  distance  from  the  earth,  m 
wtjich  fKJsition,  he  remarked,  her  apparent  diameter  exceeds  that  of  the 
&an  even  when  he  ia.  in  perigee  i  while  at  the  same  time  the  sun  was 
ipproaching  towards  apogee,  where  his  apparent  diameter  is  the  least 
poeaihle.  He  therefore  came  to  the  conclusion  that  the  sun  must  have 
Uen  totally  covered  by  the  moon  during  the  eclipsje,  and,  consequently, 
that  the  appearance  observed  by  Clavius  could  not  have  been  produced 
by  the  direct  transmission  of  the  solar  raja,     The  explanation  which  that 


*  It  will  be  tevn  ihat  the  passage  in  Uie  text  AiftcTi  matendly  from  that  cited  by 
SL  Arago,  in  tlie  Comptts  Renaus,  tume  xtv.,  [».  848,  which  I*  to  the  folJowin^  effwt  :^ 
**  I^  Lune  laiMe  dC-bordtir  autoiir  d'clle,  diina  les  Eclipses,  une  partie  clu  Sulci!,  ct  tjui 
&iB»tte  fobtatrU^,'^  It  is  merely  on  llie  strcngtl)  of  tlie  \3s\  part  of  lliU  sentence,  and 
ia  dfa<eet  oootradiction  to  (he  Rjfst  pnrt,  llmt  M.  Ango  vcniurci  to  suggest  ttist  the 
ifanoiDeilon  of  tlic  lummouH  ring  i»  pi^biibly  tliot  to  ntilch  Plutarch  alludcA.  It  it 
^aa!lai~  however,  tiial  ihe  sentence  may  be  Buppoeed,  with  i^ater  plsutitiility,  to  apply 
Is  «Mw«nr  e^ifK^,  With  renpect  lo  the  pasfiSge  cited  in  the  text,  there  catinot  exi»t  a 
ibdow  of  •  doubt  that  it  refert  lo  the  luminous  Hne  that  is  visible  around  thv  rnimn 
^iriog  a  tatBi  edipie  of  the  iun.  The  faUowinR  are  the  expr^is  terms  in  ttrhioh  Plutntch 
iJltsdn  to  tite  pheRamenqn  : — h  %\  rtXmq  Mar  iXir  a'a-rl  jt^in^it  r«i  qX^s*,  »a  3;^ti  X(^'"*i 
mXi  wkArtf,  fr  tsXti^tt,  mKKi^  wtfiftitirmi  Tit  av^ti  iet*i  ?T|t  irut,  ivm  Imtra  (^itiiimt  yUntmi 
^w**i»  »ml  «>f>T«i.  (Plat.,  Opera  Mot,  et  Phit.,  vol,  rx.,  p.  682,  Eiiit,  Lipx..  1778). 
M.  Ang9  doe*  nvt  menlion  I  he  pan  of  Plutarch't  worki  in  whleh  itm  orii^ina)  of  the 
tnuibtion  giten  by  him  ia  to  be  faund.  It  ii  not  imprabiilile,  thcrefoTC,  tbnt  he  tnay 
refer  1q  some  leA  uttequivocaJ  passage  of  Ibc  Greek  author  thftn  that  above  cited. 

t  Tbii  eclipse  is  soraelimcs  referred  to  the  year  98,  A.D.  ;  Kepler,  howe»^er,  ia  dit- 
]mMl  to  believe  that  it  happened  iu  lUe  year  US,  A,D.  {Tabui,  Rvdoip.  Praapt^ 
fi.  104). 


illustrious  aStronttineT  has  giren  of  tbe  physical  cause  of  the  phraomeDon 
mil  be  noticed  presentlj. 

Tbe  lutniuoua  ring  was  visible  around  the  moon  during  the  total  eclipse 
of  I5fl8.  Jessenius,  who  observed  the  eclipse  at  Torgau  in  Gemianj, 
remarked  that  during  the  greatest  obscuration  there  appeared  a  bright 
light  shining  around  the  moon  *,  On  this  occasion,  also,  thp  phenomenon 
waa  generally  supposed  to  orisfl  from  a  defect  in  the  totality  of  the  eclipse, 
although  Kepler  stronuoualy  contended  that  such  an  etplanation  was  al 
variance  with  the  relation  between  the  values  of  the  apparent  diameteo 
of  the  Bun  aud  moon,  as  computed  for  the  time  of  the  eclipse  hjr  tlie  lid 
of  the  solar  and  luuar  tables.  He  considered  the  phenomenon  to  bt 
identical  in  its  nature  with  that  observed  during  the  eclipse  of  1&07,  toi 
to  he  a  usual  accompaniment  of  total  eclipses  of  the  sun. 

The  view3  of  Kepler  respecting  the  eclipses  of  ItiPT  and  159S  fin* 
appeared  in  his  "Supplement  to  Vitellion,"  which  was  published  in  tb* 
year  lfl04.  They  received  a  striking  coniirnmtion  from  the  obi^ervatiofTU 
of  the  total  eclipse  of  the  sun  which  happened  in  the  following  xeat. 
On  tliis  occasion  the  eel  ipso  wus  observed  at  Naples,  under  circumstancci 
which  did  cot  admit  of  any  doubt  respectiug  the  existence  of  tlie  ring. 
'*  The  whole  bndy  of  the  sun  was  efTectually  covered  for  a  short  tioie 
The  surface  of  the  moon  appeared  quite  black ;  bnt  around  it  there  ihona 
ft  brilliant  light  of  ft  reddish  hue,  and  unifarm  breadth,  which  occupied  i 
considerable  part  of  the  heavens,"-] 

During  the  total  eclipse  of  the  sun  which  happened  on  the  2ftlh  of 
March,  1059,  and  which  was  yisihle  in  the  Uritiati  Isle^i,  the  mtjon  *>§ 
seen  iurmundcd  by  a  ring  of  light.  Dr,  Wyhenl,  who  observed  thisecUprt 
at  Catrickfergus  in  the  north  of  Ireland,  has  stated  that  whei4  the  sun  iW 
reduced  to  a  very  slender  orescent  of  light,  th^nioon  alt  nt  f>nci>  iht^tr  A/r* 
tpff  within  the  marghi  of  the  mlar  tfisk  with  fttch  a'jilittj,  thnt  sht  tmmti 
in  revolve  Uke  an  leprp^'  mUhfOM.,  fiffrmtinff  a  jihtuant  Aptctaeie  of  rMntoff 
motiati-!  He  remarks,  however,  that  in  reality  the  biih  wn?  totally  ecUpwd, 
and  that  the  appearance  was  due  \q  rt  coronn  of  light  around  the  ojooti, 
nrising  from  some  unknown  cause.  He  adds,  tbnt  it  had  a  uniform 
breadth  of  half  a  digit,  or  a  third  of  a  digit  at  letmt,  that  it  emitted  a  bright 
and  miiialittff  light,  and  that  it  appeared  concentric  with  the  sun  and  mooo 
when  the  two  bodies  were  in  eonjunctioti  *. 

The  lumiTioiw  ring  formed  r  conspictjoufi  flccompaniment  of  the  IckUl 
eclipse  of  the  sun  which  happened  on  the  l'2th  of  May,  1706.  Tb»  d** 
Bcription  of  it  given  by  MM.  Plantnde  and  Captt'S,  who  ubserved  tla 
eclipse  at  Monlpellier.  is  cleturer  and  more  prensi?  than  bt-  '  -Jfnl 
hod  been  hitherto  recorded.     As  soon  as  the  snii  was  totally  i'  rt 

rtppeiired  iirounJ  the  moon  a  very  while  light  forming  a  kind  o[  . .-)         :!  ■ 
breadth  of  which  wita  ytjual  to  about  9'.     Within  theHt*  limits  thn  li^.i     > 
«v«rywhere  equally  vivid.  Init  beyond  the  exterior  contour,  it  w«»  Icuiui' 
tense,  and  wiu;  >)cen  to  fade  otf  g'rndually  into  the  i«ni'rou tiding  i^itlrnKH 
fofming  an  aunulaa  around  the  moon  of  about  8°  in  diameter  % 

•    M  Vin>llion^m  PdriiUpamonB,  p.  Sflfl. 

iWinjf,  Ai/ruHtimin  Britennifn,  p,  ASS. 
yHau  AcaJ.  (k*  &ci«u(.'e»,  17(16,  p,  USL 
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i  account  of  the  total  eclipse  of  the  sua  which  happened  at 

1715,  corroborates  the  testimony  of  preceding  oUsenrefs  with 
the  exJatencts^  of  the  luminous  ring,  ftnd  nlsa  cotitains  some  in- 
p«u-tictikrB  relative  to  its  physicjil  aspect,  '*  A  few  seconds," 
'  before  the  sun  was  all  hid,  tliere  discovered  itself  round  Iha 
painoud  ring  about  a  digit,  or  perhaps  a  tenth  part,  of  (he  moon's 
n  breadth.  It  was  of  a  pale  wliiteuesa  or  nither  [learl  colour, 
i>  me  a  Hitl©  tiuged  with  tbe  coloura  of  the  Iris,  and  to  be  con- 
ih  the  moon."  He  remarked,  moreover,  that  tlie  ring  appeared 
let  ftnd  more  brilliant  neur  the  body  of  the  niooa  than  bl  a  dis- 
D  it,  and  that  tlie  exterior  boundary  was  very  ill  defined,  seem- 
■ilermined  only  by  the  extreme  r&rity  of  the  mminoua  nrntier** 
mint  of  the  appearance  of  the  ring  on  tins  otrft^ion.  given  by 
'h  Bfilrouomer  Louville,  tends  to  confirm  the  truth  of  llalley's 

He  has  stated,  however,  that  there  were  interruptions  in  its 
9,  causing  it  to  reaemble  the  radial  tjior^  with  which  paintere  en- 

be&df!  of  the  saints,  lie  asserted  with  confidence  that  it  ap- 
be  con eeo trio  with  tbo  moon  f , 

minoiis  ring  formed  a  conspicuous  feature  of  the  total  eelipse  of 
vhich  occurred  on  the  S'ind  of  May,  1734.  Marddi  has  stated, 
he  oommeneeiDent  of  the  total  immersion,  the  rin^  appeared 
n  the  east  than  on  the  west  fiide :  bnt,  on  the  other  hand,  that  at 
f  the  iota!  immersion,  it  appeared  broader  on  the  west  side.    He 

^so  that  the  breadth  of  the  ring  where  it  bordered  upon  the 
limb  of  tlie  moon,  was  greater  than  the  breadth  tit  the  part  bor- 
Mm  the  southern  limb^. 

tnunous  ring  appeared  with  great  splendour  on  the  occjosion  of  the 
p9e  of  1T38.  A  great  many  inleteHting  observations  relative  to 
lieflj  to  Lutherairpa&tors,  are  to  be  found  in  (ho  fourth  volume  of 
saetiom  of  the  Rojal  Society  of  Sweden §.     The  following  are  a. 


Tnn*,,  t715,p.24{li 

Acad,  des  Sciences  1715,  p,  ft).  I  Ibid.,  1724*  p.  178. 

iBg  cat!  be  more  praisewimhy  tiiBft  the  «eal  with  which  the  derpymen  in  the 
ett  of  Sw<?d«n  mijotidod  totlic  invitnlion  of  tlit<  Ruya)  Soctetr  at  thflt  caamtj 
«  rftrioHf  ptienomcna  connected  with  the  ocsMirrence  of  the  IDtol  eclipse  at 
te  nbaenalioEis  trankmjticd  bv  them  to  the  Society  on  ihiA  ocnuion,  vien  oil 
lifiithoilic»ll]r  by  Cel«iu«,  pr^ivrouA  to  their  insertioti  In  the  volume  refi^rred  to 
Aithough  they  cannot  prvtrcid  to  much  precblon,  stil]  it  may  he  fv^^rtf  d 
Hilitioii,  that  thpy  forin  ihe  niost  ccimplclt!'  dt'^scriplion  of  a  total  ccHp^e  of  thQ 

it  t(%  b«  fi^ioud  ID  the  record*  of  HslrDnomical  obBerTiilion  prevlou*  to  ihc  iotal 

1842.  Tlii»  U  tnure  etpedally  reiniirkable,  u  only  a  few  yean  prpviouiilyi 
tot&t  eclipses  of  the  fun  had  happened  (in  fact,  during  the  mteriBcdialt*  period 
t  node  in  the  one  case  had  made  only  lialf  a  rcvDiuticn,  and  in  ihe  other  t\o% 

a  whole  re- volution),  by  means  of  tvhirh  the  inhabilants  of  the  tvia  countrses  of 
urope,  which  bos«t  of  their  superior  eiviii^atian.  had  an  opportunity  of  malting 
seiTOtiotis.  With  reipect  to  the  lota)  i^cUtise  of  171^,  the  account  f^ivett  hj 
the  only  one  due  to  an  UDgHsh  observer  whirh  cootains  a  sinj;le  remark  of  ■ 
Uturc.  The  other  deficriptiofis,  relating  to  Ihc  durutiun  and  magnitude  of  thft  i 
CT«ly  «nred  (Jie  puriwtse  of  enabling  Ha! ley  to  dclprmiiie  the  precipe  tract  of  j 

shadow  M  it  piiM*ed  over  Engknu.  •SonuHhtrig  might  have  t)(!tR  cxpcetedj 
»,  who  oburted  the  cclipie  at  Cambridge ;  but,  according  to  Halley,  he  had ' 
rtuiie  to  tte  oppresied.  with  loo  much  compaiti/.  The  accounts  given  by  th*^ 
Merver*  of  the  total  eclipse  of  17'i4,  are  still  more  meagre  and  unsaiufiuuiyi" 
hi«  cue  there  is  oot  even  one  deai^tiptian  which  might  compenialo,  in  tome 

it(  merita,  for  the  barrenne&s  of  the  others. 
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few  details  rejipecting  it,  which  have  been  extracted  frnm  the  paper  by 
Celsius  embodij'iiig  them. 

The  pastor  of  Stona  Malm  states,  that  at  Catlierlnesholm,  during  die 
total  obscuration,  thero  was  seen  a  nng  around  the  sun  about  a  digit  m 
breadth, /rom  trhieh  there  issitfd  rays  of  lifiht^.  According  to  the  pastor 
of  Forshem,  tha  ring  appeared  of  a  reddish  colour,  similar  to  that  which  is 
perceived  in  the  Iris.  At  the  commencement  of  the  total  obscuratima  it 
appeared  broadest  towards  the  west ;  in  the  middle  it  presented  a  unifom 
aspect;  and  at  the  close  it  was  broadest  towards  the  north |.  Vailerius, 
another  pastor,  states,  that  tho  ring  was  more  ruddj?  and  compact  close  to 
the  eun,  and  that  at  a  distance  from  that  hody  it  appeared  of  a  f*reeoish 
Kolour.  The  pastor  of  Smolaud  affirms,  that  during  the  total  obscuration 
the  limb  of  tho  moon  resembled  gilded  brass,  and  that  the  faint  riDg 
around  it  emitted  rajs  in  an  upward  as  well  as  in  a  downward  direction, 
simUfir  to  tho^e  seen  henaath  the  sun  when  a  shotftr  of  rain  is  impending  I 
M.  Edstrom,  Mathemaliffll  Lecturer  hi  the  Academy  of  Cbarlestadt,  to* 
Berts,  that  the  ring  appeared  eveiywhere  of  equal  breadth,  that  it  emitted 
rays  from  above  as  well  as  from  below,  that  these  rays  were  equd  in 
brilJiancy,  hut  of  unequal  length,  and  that  th^ij  -plainUj  maintaintd  iht 
sGme  position  until  they  canishfd  alonff  v'ith  the  rluff  tipon  the  reappear- 
ance of  thg  sun's  fimb  §•  At  Lincopia  tlie  ring  appeared  of  a  hrij^ht  wMW 
colour,  but  it  did  not  exhibit  a  radial  aspect  j|.  From  the  descriptions  given 
by  several  ohservcrs,  it  would  seem  that  at  the  eommeucement  of  the  tot4! 
obscuration,  the  ring  appeared  brighter  and  broaJor  at  the  part  of  ihe 
moon's  limb  where  the  sun  had  disappeared,  but  that  towards  the  close 
of  the  obscuration  it  was  more  conspicuous  in  both  these  respects  at  tho 
part  where  the  sun  was  about  to  emerge. 

It  haa  been  already  mentioned,  that  a  luminous  ring  was  seen  aroand 
the  moon  during  the  totBd  eclipse  of  the  sun  which  happened  on  the  0th 
of  February,  1760.  The  most  remarkable  feature  exhibited  by  it  con- 
sisted of  four  lumiuous  expansionSt  separated  from  each  other  by  equtl 
intervals  of  90".  Two  of  them  were  situate  in  the  plane  of  tbe  ^iptk; 
the  other  two  were  at  opposite  extremities  of  a  diameter  of  the  ring  per- 
pendicular to  that  plane.  A  copy  of  a  drawinj*  of  the  ring  by  the  ofiiceB 
of  the  French  ship  of  war,  the  C'omti  d\irtois,  appears  at  the  beginning  i^ 
the  second  volume  of  Le  Gentil'a  Voyuffe  dajis  hs  Men  dti  rinde, 

A  very  interesting  account  of  the  luminous  ring  as  it  appeared  during 
the  total  eclipse  of  ]77y,  is  given  by  tbe  Spanish  Admiral  Don  Antonio 
Ulloa,  He  states,  that  five  or  six  seconds  aftfr  the  commencement  of  the 
total  obscuration,  a  brilliant  luminous  circle  was  seen  surrounding  lh<i 
raooti,  which  became  more  vivid  as  the  centre  of  that  body  continued  to 
approach  the  centre  of  the  sun.  About  the  middle  of  the  eclipse,  itsbreidth 
was  equal  to  one-sixth  of  the  moon's  diameter.  Tliere  appeared  ittiliog 
from  it,  a  great  number  of  rays  of  une^jual  length,  which  could  be  discerned 
to  a  distance  equal  to  tho  lunar  diameter.  It  seemed  to  be  endued  wilht 
rapid  rotatory  motion,  which  caused  it  to  resemble  a  firework  turning  round 
its  centre.  The  colour  of  tlie  lif^ht  was  not  uniforra  throughout  tlie  whole 
breadth  of  the  ring.  Towards  the  margin  of  the  lunar  disk,  it  apponr*^ 
of  a  reddi&h  hue  ;  tljen  it  changed  to  a  pale  yellow,  and  from  the  middlr 


■  Ada  Lit.  et  Sdcn,  Suec  Upsal.,  lom.  iv,,  p.  i6»  f  Ibid.,  p.  61. 

t  Ibid.,  p.  €2.  §  Ibid,,  p.  57.  ii   tbiJ.,  p.  5&, 
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t$  lim  outer  border,  the  yellow  gradually  became  fainter,  until  at  lengtli  it 
■Mmed  almost  quite  w}iite«, 

Ferrer,  in  his  account  of  the  total  eclipse  of  IWil,  has  given  a  bnef 
d«scriptjon  of  the  luminous  ring.  He  slates,  that  tbe  colour  of  the  light 
cmitied  by  it  resembled  pearl  colour,  and  that  it  had  a  breadth  of  about  ll'. 
From  ibe  exterior  maigiR  there  were  seen  lumitioua  myg  extending  out' 
wards  to  a  distance  of  more  than  3".  The  light  was  brightest  at  the  edge 
of  the  moon,  and  terminated  very  confasedly  at  the  outer  border.  With 
tespect  to  its  relative  po^itioD,  the  ring  seemed  t^  he  couceTitric  with  the 
mm  f.  De  Witt,  who  observed  the  snme  eclipse  at  Albany  iu  the  State  of 
New  York,  states,  that  "  the  luminous  circle  on  the  edge  of  the  moon, 
H  well  «3  the  rayg  which  were  darted  from  her,  were  remarkably  pale,  and 
Iwd  tbttt  bluish  tint  which  distiitguiahes  the  colour  of  quicksilver  from  a 
de«d  nhile."^ 

The  luminous  ring  appeared  wth  great  splendour  during  tlie  total 
eclipse  of  July  8,  1643,  It  was  of  uniform  brightness  in  those  parts 
thsl  bordered  on  the  moon's  limb,  whence  it  faded  imperceptibly  out- 
virds,  terminating  so  confuiiedly,  that  it  was  impossible  to  trace  its  ex- 
terior limit.  The  difference  lietween  the  inner  and  outer  parts  of  the 
ring  appeared  to  M.  Arago  to  be  sufficiently  marked  to  sanction  the 
gDhdiTisioTi  of  the  ring  into  two  concentric  zones,  the  inner  zone  boiiig 
everywhere  of  equal  density  and  well  defined  at  the  outer  border,  while  on 
the  other  hand  the  exterior  zone,  although  the  broader  of  the  two,  was 
funter  even  at  the  inner  border,  and  gradually  diraiuiahed  in  brightneas 
nntil  it  was  lost  in  the  surrounding  darkness.  The  interior  zone  was  a 
conspicuous  object  at  all  the  stations  where  the  eelipao  was  observed,  and 
eTerywhere  presented  the  same  aspect.  The  exterior  zone,  being  much 
fiinter,  did  not  exhibit  the  same  degree  of  tnwgnitude  at  the  difTereut  places 
^  oliservation.  Indeed  it  was  only  uuder  favourable  conditions  of  the 
atmosphere  that  it  was  visible  at  all. 

With  respect  to  the  dimensions  of  the  corona,  it  could  not  be  expected 
that  the  observalions  would  present  a  very  close  agreement^  owing  to  the 
indefinite  ntiture  of  its  structure.  At  Perpignnn,  M.  Silvu  found  by  means 
of  a  repealing  circle,  that  the  interior  zone  had  an  invariiible  breadth  of  3' 
^onog  the  whole  time  of  complete  oWnratiou,  Mr.  Airy  estimated  its 
W«idth  at  an  eighth  part  of  the  lunar  diameter,  or  about  4'.  Fi-om  the 
statementi}  of  the  various  obser^oi-s,  it  would  appear  that  this  part  of  the 
taminous  ring,  or  in  other  words  the  part  exhibiting  a  uniform  condensation, 
extended  from  the  moon's  limb  to  a  distance  of  between  .J'  and  -i*. 

The  exterior  zone  of  the  corona  being  more  or  less  perceptible  aceord- 
iog  to  the  condition  of  the  atmosphere,  there  naturally  nrose  considerable 
disoordatices  in  the  observations  relative  to  its  breadth  at  the  diiferent 
italions.  At  Moutpellier,  M.  Petit  obtained  H'  45"  for  the  distance  to 
which  the  corona  was  visible.  This  would  indicate  the  breadth  of  the  ex- 
t<?rior  part  to  be  about  5',  Mr.  Daily  estimated  the  breadth  of  the  whole 
corona  at  half  the  moon's  diameter,  or  about  10'.  At  Lipesk,  where  it 
appeared  with  great  splendour,  M.  Otto  Strove  found  that  it  was  visible 
U»  El  di.«.tance  of  Hf/  from  the  moon's  limb. 

At  several  stations  the  regulaiity  of  tbe  contour  of  the  ring  appeared 
to  he  interrupted  by  two  or  more  expansions  of  light.     In  France  there 

♦  Phil.  TfTiiift.,  1779,  p.  108. 

t  Trsiu.  Anwr.  PbU.  Soc„  vol.  vi.,  p. 266,  f  ibid,,  p.  aO). 
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were  generally  two  auck  expatiaioiis  visible.  Thej  were  sitii*t«  at  oppfr 
fiitt'  extremities  of  a  diameter,  passing  throagli  the  poiul  at  vUioli  the  sun 
^ent  in  beiund  the  moou'i  limb,  aad  the  opposite  point  at  whioh  be 
reappeared.  At  Milan,  Sig.  Picozzi  observed  two  jets  of  light  tiocupyiog 
a  similar  position.  It  vas,  doubtless,  from  the  same  cause  that  the  nug 
appeared  alightly  eccentnc  at  Novora,  for  it  was  remarked  that  iti 
greater  axis  coincided  with  tlie  direction  of  the  tuDou's  motion*.  A 
similar  eloiigatiau  of  the  ring  was  al^o  observed  at  Padua,  hy  Sig.  Bielt, 
and  several  other  persona  f.  Sig.  Pietropoli,  who  obaerved  the  eclipse  it 
that  citj,  remarked  that  tbe  rijig  seusjibly  bulged  out  at  the  oppouie 
exlremiti<)s  of  a  diameter  inclined  to  the  horizon  at  an  angle  of  itboui 
10°  [.  M.  Dlto  Struve  perceived  several  luminous  jeti},  which  in  Bume 
iustaucea  extended  as  far  as  4,"  from  the  moon's  limb§. 

From  the  ring  there  were  generally  seen  to  ii5sue  diverging  rays  of  ttD' 
0qual  length.  At  Perpignan,  M.  Mauvais  found  that  soms  of  thei«  nip 
extended  as  far  as  33'  from  Uio  raoou'a  hmb.  Mr.  Bajly*  in  his  account 
of  the  eclipse,  remarks,  that  at  Pavia  the  diverging  rays  had  the  effect 
of  depriving  the  corona  of  the  sppeaiance  of  a  ring [[.  Ou  the  otlitf. 
Mr.  Airy  states,  with  respeiit  to  tlie  aspect  of  the  eorotm,  when  viewed 
from  th[>  Supcrga,  thai,  although  a  tj light  radiatiou  might  have  been  per- 
ceptible, it  \im  not  sulheienily  lutenue  to  aftV-et  in  a  i^eufiible  degree  Uui 
annular  Btrueture  by  whicli  the  luminous  appeamnco  was  plainly  distin- 
guished''. These  diticordaii0t*9  are  doubllesjj  mainly  attributable  lo  tli« 
dilTereut  conditions  of  the  atmotipliere  at  the  various  places  of  ohservatioti. 

Phenomena  of  a  still  more  anumalitus  imturo  were  renmrked  by  isevenJ 
observera  in  Fi*anc;e.  At  Porpignan,  M,  Arago,  distinctly  perceived  with 
the  naked  eye,  a  little  to  the  left  of  the  diameter,  passing  through  ibe 
highest,  point  of  the  moon's  limb,  a  luminous  spot  composed  of  jets,  en* 
twined  in  each  otlior.  lie  states,  that  "  in  appearanue,  they  re^erabied 
a  hank  of  thread  in  disorder."  A  airaihu'  pheuotnenon  was  observed  ti 
Moritpellier.  It  waa  remarked,  aUo,  at  Home  stationti,  that  the  direetiaa 
of  the  diverging  rays  was  not  in  all  iustani^es  perpendicular  to  tlte  moon^t 
limb.  Some  of  these  rays  when  pmlonged  towards  the  moan,  instead  at 
passing  through  the  eentre  of  that  body,  cut  oti'  only  a  ^midl  segment  of 
her  disic, 

The  prevailing  oolour  of  the  ring  at  the  different  Btatious  was  vbil«. 
^t  Perpignan  it  assumed  a  yellowish  hue  in  the  telescope,  but  it  appeared 
white  to  die  naked  eye.  According  to  Mr.  Airy,  it  had  a  close  re^embliaoe 
to  peach  colour,  Mr.  Baily  and  M.  Otto  Struve  both  found  it  quite  while. 

The  different  degrees  of  hnllianoy  which  the  ring  exhibited  at  the 
varioutt  places  of  observution  is  worthy  of  remark.  At  Perpignan,  its 
lustre  resembled  that  of  the  moon.  The  as|ieut  which  it  presented  U 
'Mr.  Airy,  at  the  iSuperga.  was  .somewhat  similar.  On  tiie  other  Iwid, 
at  Pavia  it  appeared  with  a  splendour  which  e.\cited  the  admiiation  of 
every  spectator.  "  1  had  iujtigined,"  says  Mr.  Haily,  "  that  the  corona, 
ae  to  its  brilliant  or  luminous  appearance,  would  not  be  greater  than  ihil 
faiiit  crepuscular  light  which  sometimee  takes  place  oti  a  t>umraer's  evea- 


*  Giom.  d«lt'  III.  del  LomL,  torn  iv.,  p.  t)07.  Sig.  Conflglitehi  «lta  iMnm,  (hit  ii 
Monffuzzo  two  cxpari«i(iFis  of  )ig!)t  were  vuiblc  at  opposite  extremities  of  «  t)i|0clvcaf 
the  ting-     (See  (he  vvlumt  above  cited,  p.  368. ) 

f  Giom,  dell'  \M.  del  Lomb.,  torn,  iv.,  p.  fi8l.  (    IbiJ.,  p.  383. 

§  AnnuQirc,  1840,  p.  92n.  J|   Meiu.  Ast.  Boc.,  vol,  xvwp-^ 

\  Iliid,,  p.  IS. 
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and  that  it  would  encircle  thd  moon  like  a  ring.     I  was,  therefore, 

lewhat  surprised  and  asioniahed  at  the  splendid  scene  which  now  so 

sQcldeolj  buret  upon  my  view."*  At  Lipesk.  the  brilliancy  of  the  ring 
Tu  still  more  vivid.  Aecorditjg  to  M.  Otto  Stjuve,  it  was  so  intense  aa 
U>  ba  barely  supportable  to  the  naked  eye.  &u  strong  was  the  inipreBsion 
vhich  it  produtied  upon  the  spectators  of  the  ecHp&e,  that  tnany  of  them 
coajd  wiiii  difiiculty  be  persuaded  that  the  whole  of  (h^  Qolar  di&V  was 
icloallj  concealed  beUiiid  the  bodj  of  the  moou  f . 

Th^e  extisiordLDary  venations  in  the  biightneai  of  the  ring  are  doiibt- 
less  attributabte  to  the  more  or  less  favourable  condition  uf  the  atmoBpherd 
at  the  difTerent  places  of  observation.  In  connexion  with  this  eKplanation, 
M.  Antga  ba^  suggested,  with  great  probability,  that  the  intense  brilliancy 
which  the  ritig  ex^bibited  at  l.ipei>k,  may  have  arisen  from  the  eompam-' 
'arely  high  altitude  of  tbe  sun  duriug  the  totality  of  the  eclipse.  Aa  ati 
dlostration  of  tliis  remark  it  may  be  stated  that  at  Perpignan,  where  tha 
ring  resembled  the  rnooi*  in  Inetro,  the  altitude  of  the  &uu  at  the  time  of 
im  total  immeriiioii  was  11^  DO';  whereas  at  JLipesk  the  altitude  of  the 
boine  body  vm  iV'  Kt\  when  the  totality  of  the  obscuration  took  pkce. 
N'ow  it  ia  very  manifest  that  the  atmospheric  medium  of  air  through  which 
'ijiae  was  observed,  was  much  less  favourable  for  discerning  the 
i  ■_     i.e^  of  the  ring  in  the  former  case,  than  it  was  in  the  latter  [. 

At  Muntpenier.  there  were  many  person^i  who  disserted  that  the  ring 
tATued  continually  round  its  centre.  We  have  eeen  that  a  uimilar  renmrk 
had  U^en  already  made  with  respect  (o  the  coroinc  which  appeared  diirlug 
tlte  total  ecUpaesi  of  11153  and  177S.  At  Lipeak,  the  light  of  the  ring 
»eeuied  to  M.  Otto  Strnve  to  be  in  a  state  of  violent  agitation.  Mr.  Baily 
states,  tliat  the  ray^  htiJ  a  lljckering  appearance,  somewhat  like  that  which 
a  gas  illumiuation  might  be  ^^uppo^ed  to  a^i^ume,  if  formed  into  a  similar 

t>e.  . 

be  ring  generally  becatae  visible  a  few  seconds  preirious  lo  the  total 
ierbion  of  the  st|n,  and  ii  continued  to  be  perceived  during  an  equal 
interval  of  time  sub^equeikt  to  hi^^  reappearance,     This  circumstance  sug- 

r^d  toM.Arago  an  interesting  method  of  determining  the  iuteneity  of 
Ught  of  the  ring  relative  to  the  light  diflused  throughout  the  aimo- 
iphere  by  tbe  full  suu.  It  is  manifest,  that  at  the  JnatHut  when  the  ring 
fir»t  becomes  visible,  its  iiglit  mu^t  exceed,  in  intensity,  the  atmospheiio 
light  which  appears  around  it.  In  order  thnt  an  object  may  become 
Uirely  visible,  it  h  necessary  that  it^  brightness  should  eikceed  that  of  tlie 
ground  upon  which  it  appeaiTs  projected  by  a  certain  determinate  quan* 
tity  i.  In  thiai  manner,  then,  the  light  of  the  ring  becomes  directly  uonii 
pfljable  iu  intensity  with  the  light  difTused  around  it.  Now,  the  atino- 
spheric  light  around  tlie  riug  varies  in  the  direct  ratio  of  the  liolar  segment, 
imich  reEualna  uncovered  by  the  moon.  Uence,  knowing  the  magnituda 
of  the  visible  segment  of  the  gun,  it  is  eaay  to  compare  the  light  dijffu^ied 
by  it  through  the  atmosphere  with  the  light  diffused  by  the  full  sun,  and 
vhen  ibiit  point  lias  been  asoertaincd,  tljo  relative  intensities  of  the  light 
of  the  ring  and  the  light  diffu&ed  by  the  full  eun  become  compai-ablealso. 
Now,  tbe  magnitude  of  the  solar  segment  may  obviously  be  deduced  from 

'  U£in.  Ast.  Sr»c..  vol.  xv.,  p.  4. 

t  AnnuAire.  Ig46,  p.  d36.  }  Ibid.,  p.  dM. 

I  At  pw  361  of  the  AttHuaire  for  1B4G,  iM.  Ara^u  xs^tti,  an  tlic  rc»ult  uf  experimeut, 
Uut  in  tucb  s  case  thti  brightness  of  tbu  ubject  niu^l  e&L«i:d  tint  of  the  gruunil  upaa 
*Hcfait  it  prtijecled  by  »  sutieth  iiort. 
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tlie  interval  of  time  i^hkh  ekpsea  between  the  iaataiat  of  tlie  ring  beoom 
ing  visible,  and  that  of  total  obsoumlimi,  for  the  time  which  the  moon 
takes  to  cover  the  segment  will  at  once  atfyrd  an  indication  of  its  breadtb. 

It  appears  from,  the  foregoing  remarks,  that  the  comparison  of  tha 
light  of  the  ring  with  the  light  diffused,  in  the  atmosphere  by  the  foil 
BUD,  depends  upon  the  determination  of  the  precise  time  \vhich  elapses 
between  the  commenceTOent  of  the  visibility  of  line  ring,  and.  the  inatftut 
of  total  obscuration.  On  this  point,  however,  the  observations  do  not 
agree  sufficiently  well  with  eftch  other,  to  be  of  tduch  utility  to  enqiiirati 
in  resolving  no  delicate  a  question.  At  Montpellier,  M.  Petit  perceived 
the  ring,  five  or  six  seconds  before  the  sun  had  totally  dtsappeareJ  behind 
the  dark  body  of  the  moon.  At  Salon  it  was  seen  by  M.  Lorgelau,  four 
or  five  secouda  previous  to  the  total  immersion,  Mr,  Baily  has  remarked, 
that  only  three  or  four  seconds  ■^vere  wanting  to  complete  the  total  immer- 
sion of  the  Ban  when  he  first  saw  the  ring. 

The  luminous  ring  v.'HB  seen  at  some  places  that  were  situate  actuallj 
beyond  the  limits  of  the  lunar  shadow,  and  where  cocsequenily  a  segment 
of  the  solar  disk  continued  visible,  even  during  the  time  of  greatest  obeca- 
ration.  In  such  cases  it  is  manifest  that  the  magnitude  of  the  solar  seg- 
ment visible,  upon  which  the  relative  intensity  of  the  light  of  the  ring.  a& 
determinable  by  the  foregoing  method,  depends,  may  be  obtained  by  cal- 
culating the  maximum  phase  of  the  eclipse  at  tlie  place  under  con&iden- 
tion.  M.  Amgo  cites  an  interesting  obsen'ation  of  this  nature,  made^ 
M.  D'Hombre  Firmas,  at  Alais>  which  was  contiguous  to  the  lunar shadchw, 
but  not  actually  involved  in  it.  "  Everj*  one,"  snya  tbo  last -men  Honed. 
individual,  ^'  remarked  the  circle  of  palo  light  which  encompassed  tie 
moon  when  she  almost  entirely  covered  the  sun*.  It  would  appear  tliat 
this  is  not  the  only  instance  in  wbich  the  ring  lias  been  seen  during  n 
partial  eclipse  of  the  sun  t. 

The  ring  at  first  was  only  partially  visible,  being  incomplete  on  tli« 
side  of  the  solar  disk  whieb  was  still  uncovered  by  the  moon.  As  s«in, 
however,  as  the  total  obscuration  was  effected,  the  ring  appeared  entire, 
"  A  bright  line,"  says  ilrs.  Airy,  "  seemed  to  form  round  the  right  side 
of  the  moon  before  the  disappearance,  but  not  quite  round,  so  ihal  the 
ring  WIS  not  complete ;  but  at  the  moment  of  the  tobil  disappearance,  the 
ends  seemed  suddenly  to  joiu  and  form  the  complete  ring."*  At  Milan. 
Sig,  Majocchi,  and  hig  companions,  perceived  a  fragment  of  the  ring  t 
few  seconds  before  the  total  obscumtion,  situate  in  the  region  where  the 
first  contact  of  the  two  bodies  took  placa  ;  and  they  continued  to  discern  ■ 
faint  trace  of  it  in  the  opposite  region,  a  short  time  after  tbs  raappearaiM 
of  the  sun  §.     This  tallies  exactly  with  ihe  observation  just  cited.        ^^ 

It  was  remarked  that  the  ring  brat  appeared  brightest  on  the 
of  the  solar  disk,  which  was  just  covered  by  the  moon,  but  that  previom 
to  the  close  of  the  total  obscuration,  it  was  brightest  at  tlio  part  wliere 
the  sun  wras  about  to  reappear.  This  interesting  fact  is  alluded  to  by 
several  of  the  observere  of  the  eclipse.  There  was  no  defined  edge 
to   the    ring ;    it  changed   sensibly,   being    brightest   fir&tt  on   the  left 


•   AnnuaJre,  1846,  p.  339. 

+  Tliiia  in  an  account  of  the  solar  cdipse  of  November  27,  1722,  comniimicated  bf 
an  observer  in  Araorica  lt>  (tie  Roy.il  SiKiely,  it  is  slated  tlial  at  DaraK^-ible,  on  Cqic 
(Jod,  tlierc  wm  bnta  litllc  It'tl  of  tlie  auu,  atiH  that  nearer  the  liesd  of  the  Cape,  tA«r« 
was  a  ring  of  fight  quite  i-ound  ihe  moon  {Phil.  Tra[i>i.  1724,  p.  69). 

X  MeiD.  Asl.  Sw.,  vol.  xv„p.  IC.  |^  Aiinuain>,  1646^  p.  340. 


wtiere  tbe  suu  had  gone  m,  then  below,  And  then  on  the  right 
the  light  coming  out  at  each  place  successively,  like  little  beams 
from  ibe  moon's  edge.  Such  aro  the  terms  in  which  the  variulion  of 
the  u>|>eAnmce  of  tlie  ring  as  viewed  from  the  Superga,  is  described*. 
Sig.  Piolft  states,  that  at  St.  Aogelo,  near  Lodi,  the  same  remark  va^  mada 
hjettrj  person  who  witnessed  theeclipaef.  It  has  been  alreadj-  mealioned 
that  A  fiimilflj  ftict  was  uotired,  with  respect  to  the  appearance  of  the 
ring,  during  the  lutal  eclipses  of  172-1  and  ITS^V 

The  question  relative  to  the  physimi  emtsg  of  the  lumioous  ring  haa 
girea  nise  to  much  speculation.  Some  persons  have  supposed  it  to  derive 
its  origin,  from  iho  mooit,  while  others  aguiu  have  maiutaincd  that  it  is 
piQielj  a  solar  phenomenon.  A  brief  historical  statement  of  the  difTercnt 
bvpolbesea  that  h&vQ  been  advanced  in  connexion  with  this  subject  may 
Bftt.  perhaps,  prove  un]nlere3tiii<T  to  the  reader. 

Tuioas  explanations  of  the  luminous  ring  have  been  advanced  in  m- 
todaiatt  Vi^ith  the  supposition  of  its  being  an  appendage  of  ihc  moon. 
Tbe  etrlieat  is  that  which  ascribes  it  to  the  iuHucnce  of  a  lunar  atnio- 
qbtre.  It  was  fii'st  suggeated  by  Kepler,  as  a  piohalib.^  mode  of  ac' 
eouncing  for  the  phenomenon.  He  conjocturcd  [that  the  nija  of 
light  proceeding  from  the  suu  to  the  eai'th,  might  be  refracted  in  passing 
U^ogh  the  moon's  atmosphere,  and  might  thereby  occasion  an  appe-arance 
resembling  til e  luminous  ring  J.  This  view  of  the  origin  of  the  pheno- 
raeoon  waa  regarded  with  favour  by  Halley,  alUiough  at  the  same  lime 
be  admitted  that  it  could  not  be  considered  as  fully  established.  If  the 
rii^  was  due  to  the  existence  of  a  luuur  atmosphere,  it  ought  invariably 
to  ftppear  concentric  with  the  moon.  On  the  other  hand,  if  it  aroso 
from  ine  presence  of  an  atmosphere  about  the  sun,  it  could  only  surround 
tbe  moon  eqtiably  at  the  instant  when  the  centres  of  the  two  bodies  were 
In  eonjunction.  In  tbe  latter  case,  it  is  uoanifest  that  the  ring  ougtt  to 
ippenr  broadest  first  at  the  point  where  the  suu  had  just  disappeared 
behind  the  moon  s  limb,  and  afterwards  at  the  opposite  point  wlicre  he 
iir*s  about  to  emerge.  It  is  easy  to  see,  therefore,  that  obsen-ations  on 
tKe  position  of  the  ring  during  an  eclipse,  if  executed  with  precision,  might 
aSurd  a  valuable  criterion  for  deciding  the  question,  whether  the  ring  was  an 
appendage  of  the  sun  or  moon.  Alt  such  observations  have,  however,  been 
hitberlo  so  vayue  and  contradictory,  that  no  reliable  conclusion  can  bo 
dedooed  from  them.  The  ring  fades  oflf  so  imperceptibly  from  the  moon's^ 
limb,  that  the  establish meut,  beyond  all  doubt,  of  a  variation  in  its  breadth 
dming  the  passage  of  the  moon  across  the  solar  disk,  if  even  such  a  varia- 
tion existed^  would  seem  to  bo  impracticable.  In  some  instances  it  has 
be«n  affirmed  that  the  ring  appeared  concentric  with  the  moon,  while  in 
others  it  has  been  maintained  with  eqtmt  confidence,  that  it  was  concentric 
nith  the  suii.  The  observations  in  general  are  decidedly  mote  favourable 
to  iha  supposition  of  the  ring  being  concentric  with  Uie  atin,  than  to  its 
holding  a  similar  relation  with  respect  to  the  raoou§.     But  indeed  it  is 

*  M»m.  Ast.  Soc.,  vol.  XV.,  p.  16. 

f  G*pr.  c{«l!'  ls(.  del  Lomb.,  tom.  '^'t  P-  SMI* 

t  Ad  VUellionem  Panlipomena,  p.  302  ;  Epitome  Aitronomlw,  p,  893. 

t  H»H«yj  while  inclined  to  fupposo  that  (he  luminous  ring  which  appeared  duriiiff  (be 
M^  ectipae  of  1 715,  arose  from  tnc  preienec  of  an  atmosphere  about  uio  jtiooti,  did  tio( 
Irj  11  ibe  ttxat  tlm«,  that  some  persons  found  the  ring  to  increasa  in  brciiUb  aa  the 
tatguaa  apettMcfaed.  *'  This  circumstance,"  says  he,  "  /o^ffAcr  with  the  contraty  «fB- 
timtfda  irf"  thote  wkote  jtidgmmt  I  »hall  aftc(ttfs  revere,  jnaLcs  me  less  confideat"  (PAi7. 
Trow,  1715,  p,  249).  It  i<  not  ioiprabablc  tha.t  Halloy  here  alludes  to  the  lIlaMrioui 
NniKnif  with  whom  be  Ured  oa  lerou  of  intimate  fricnd«l)ip. 

c  c 
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II  u  oat'  almoiipliere  really  exist,  its  effects  are  to  tally  inappreoiafal 
itnputisibte,  llierejlare,  lo  avoid  the  conclusion  that  ^a  lumi 
caiiiiot  proceed  from  such  a  cause, 

Findiug  that  the  hypolhesis  of  ft  luntu*  fttmosphere  was  m«ipabl< 
counting  for  the  pheuoineiiou  of  the  luroinousi  ring.  La  Hire  sug 
that  it  might  be  produced  by  tiie  reflexion  of  the  solar  rays  from 
ec|Qalities  of  the  mooii'a  surface  contiguous  to  the  edge  of  her 
bined  with  their  subsequent  passage  through  the  terrestna.1 
In  order  to  obtiiiii  £tn  experimental  illusli>itioo  of  this  tiew  of 
of  the  ring,  he  took  a  round  unpolished  stoue  of  a  yelloiviiih  coloi 
was  about  two  inches  in  dinmeter ;  and  having  suspended  it  in 
the  windoTT  of  his  chamber,  so  as  to  appear  in  the  direction  of  ^ 
retired  wiiliin  tbe  chamber,  keeping  his  eye  in  the  centre  of  theTa 
until  tlie  sioiie  covered  the  sun  and  extended  r  little  beyond  il 
serving  the  stone  at  this  distance,  he  perceived  around  it  ^ 
inai'git)  of  tight  which  ho  ascribed  to  the  reflexion  of  tfli 
mys  from  the  asperities  of  its  edge,  and  upon  the  tame  pr 
he  asserted  that  the  luminous  ring  which  appeared  n round  the 
during  a  total  eclipse  of  tlie  sun,  might  be  accounted  for',  DdisI 
ever  remarked,  as  a  proof  of  the  fallacy  of  this  explanation,  that 
appearance  would  be  produced  if  the  stone  was  pcrfecti//  smoat 
even  asserted,  that  if  iuslead  of  the  stone,  a  piece  of  black  paste 
oat  into  any  shape  approaching  to  a  circle  was  employed ,  tliem  woi 
pear  a  similar  line  of  light  around  its  edges.  It  was  dear,  iher^fig 
the  hypothesis  of  La  Hire  was  untenable.  ■ 

Delisla  was  tiie  first  who  conjectured  that  the  luminous  riug  mi 
occasioned  by  the  diffraction  of  ihe  solar  rays  which  passed  ne 
moon's  edge.     Ho  exhibited  an  illusb-ation  of  the  effect  so  pi 

•  Trans,  Amer.  Phil.  Soc.,  vol.  vt.,  p, -^74, 

-|>  LauvilLe  has  Stated,  that  at  Lnndon,  dur'in){  the  prngrest  af  the  total  ed 
tW  fturt:  of  the  atilar  dh\c.  ountiguous  (o  the  eastern  limb  of  the  moot)  appeal 
CDntmually  naler,  so  as  to  annuunce  beforehand  that  it  was  about  tu  im  ecIipsS 
AciitL  ihit  ^c*>ncw,  171.'?,  p.  H4).  Tlii?  circumstance  vas  conddercd  by  him  to 
veryotirivincing  proof  of  the  cxisltofe  of  an  atmosphere  about  the  moon.  It  it  ( 
narked,  however,  that  modem  observations  of  edip^s  hare  not  iodJcated  the  liighl 
of  »  phenomenon  analoffous  to  that  tvhich  I.ouvilliJ!  as.sert*(o  have  noticed.  Thel 
ridges  termed ./aeu/rf,  which  occasionally  appear  nn  the  surfuee  of  the  «un,  ai<G  m 
favourable  fnr  such  obserrattoiis,  on  acenunt  rif  their  iiniforni  vpect,  and  the  txu 
eaw  with  which  any  variation  In  their  brtghtneas,  re»iilltng  from  the  interpositio 
lunar  alniofphere,  ur  any  chango  in  their  fnrm  due  lo  the  refraction  of  the  »otai 
pagginjsf  thniu^h  it,  might  be  detected;  but  althaug^h  M,  Aj^gn  an<l  hl4  coilcigU 
iCTemi  of  ^urh  ri(ige«  with  ffreat  aitctn  ion  during  the  progrci^  of  the  total 
1842,  they  were  unable  lo  ducem  the  Hiiglitest  chitnge  m  their  Appcmncd 
proachcd  the  mooTi'a  Umb  (Annvairf,  1B4(^  p.  331), 

j^  M^m.  Acad,  da  Sciencm,  1715,  p.  LOli  el  aeq. 
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tht  sttn  s  light  through  n  very  small  aperture  into  a  dark  room, 
lad  Umii  feoeiving  the  cone  of  tight  thua  formed  upon  a  metal  disk  of  some- 
what larger dimeQsioD&  than  the  circular  section  of  the  coue.  Upon  theu 
TWwiD^  the  metal  disk  from  behind,  either  with  the  naked  ere  or  with  a 
1  t^l^cope,  hd  perceived  around  it  a  bright  maigin  of  light,  exACtlj 
bding  that  which  was  visible  iji  the  eiperiment  of  La  Hire*. 

The  explanatioo  of  the  luminous  ring  proposed  by  Delis!©  baa  been 
bioanlilj  received  by  several  enquirers  iu  recent  ^i^les,  but  tiie  attetnpta 
|0  «blnii  an  experimental  illutitratiou  of  it  have  not  been  atteudod  Vhilli 
looets.  In  some  iustancef  the  sun  vms  artificially  eclipsed  by 
pIldB^  m  opaque  diak  at  the  focus  of  tlie  telescope ;  bat  no  appearance 
iflQiSU&g  the  luminouFi  ring  was  disceruible  around  thti  edge  of  the 
imk.  In  1M6  Prof.  Powell  communicated  to  the  AatroDomical  3o* 
riety.  0  paper  oontainiug  an  account  of  a  series  of  experiments  executed 
by  him,  with  the  view  of  elucidating  thia  interesting  subject  f.  He  as- 
cribe* the  £ailura  of  some  of  the  previous  experiroenra  of  the  same  nature 
la  the  circumstaQce  that  the  origin  of  light  nhicli  wm  situate  in  the  focus 
0ijk»  telesoope  was  made  lo  <!oincide  with  the  op»que  diiik  eclipsiing  it, 
■Imibhs,  in  dl  caaes  of  dififractiuu  it  is  an  indispeuiiabla  cundittoti  that 
the  intercepting  body  should  he  at  sbme  distance  from  the  origin  of  light. 
Before  proceeding  to  describe  his  own  attempts  to  produce  the  pheuo- 
ntcooa  of  the  luminous  ring,  be  remarka  that  in  all  those  experiments 
which  hare  for  their  object  the  exhibition  of  the  ordinary  dt^Tractive  fringed, 
It  m  eMebttallj  ne<!sdssary.  in  the  first  place,  thitt  the  origin  of  light  be  a 
or  BA  nearly  as  posjiible  so ;  and,  secondly,  that  the  area  of  the 
ng  rays  extend  Ikcyond  the  edge  of  the  opariue  diffritcting  body  J. 

mag  admitted  the  sun  a  light  through  a  series  of  apertores  varying 
from  y^  to  I  of  an  inch  in  diameter,  he  found  thut  tite  fringes  ceaftsd  to 
It  diatuictly  >'i:^ible  when  the  diameter  exceeded  it  of  an  inch.  Moreorer, 
fit  ieniBrked,  that  in  all  such  experiments  the  fringes  could  onlj  he  seen 
liinetly.  as  forming  an  optical  image  in  the  iiir,  which  was  magnified  bj 
•II  ef  e-tdns. 

A  pbenomenon  of  a  difierent  kind  was,  however,  perceptible,  which 
cm/&mmd  to  be  discerned  even  when  the  conditions  of  the  experimeut 
WMfe  eaentially  varied.     Wlien  a  circular  disk  was  employed  to  intercept 

I  the  ligjaU  it  was  seen  witli  the  naked  eye,  or  in  a  telescope,  at  n  distance^ 
leidwed  by  a  luminoua  rin^^  eten  in  those  cases  wherein  the  diameter  of 
I  the  aperture  exceeded  \  of  an  inch,  and  whether  the  area  of  the  rays  fell 
•rithoat  or  within  the  opaijue  disk.     It  was  found  also,  that  although  tho 
Um  was  distinctly  visible  with  tlie  telesci>pe  when  in  focus  for  tho  opaque 
^HL  it  cnitld  not  be  seen  with  the  eyedens.     I'pon  this  ground  Prof. 
^^ell   concludes  that  the  phenomenon  (»f    the  ring  is  not  an  optical 
image  like  tliat  formed  by  the  diffrai-iive  fringes,  and.  therefore,  that  it 
cumot  be  aacrihed  to  the  principlo  of  difFmction.  at  least  when  considered 
Mooiiding  to  the  usaal  ucceptaliou  of  tbu  tei-m. 

Prof.  Powell  found  that  the  ring  ceased  to  bo  disceniihle  when 
the  area  ol  the  rays  fell  short  of  |  of  the  diameter  of  the  diflracting 
diik,  and  that  it  increased  in  breadth  aa  the  area  approached  to  on  equa- 


AmL  dn  Sdenos.  1715,  p.  166,  et  seq. 
f  Utm,  Alt.  See.  ml  Jtvi.,  p.  301,  et  Hq. 

t  h  ««■  in  oomeqaenve  of  emplnylng  loo  laree  an  itpcriurc  ihat  MaHottc  M]ed 
IttieHfy  the  experiment  of  GrimaUi,  uod  was  beoce  l&A  to  di>ubt  tlte  reditu  of  the 
fliHifiB  ef  difieoliofi  (  Traiii  dea  Coukum,  \\  SA). 
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litj  with  the  disk.    "When  the  area  of  the  rajs  was  not  co»oeatric 
the  disk,  the  luminous  ring  appeared  broadest  at  the  part  tvhere  ihe  ta.^ 
approached  nearest  the  edge  of  the  disk. 

In  order  to  establish  the  experiment  more  fully,  the  ring  was  examinid 
in  a  telescope  with  a  magnifying  power  of  '30,  furnished  wiih  cross  wiwi 
in  its  focus.  Before  the  light  waa  allowed  to  lall  upon  the  opaque  disk, 
the  edge  of  the  latter  wtva  luade  to  <joincide  witli  the  intersection  of  tlis 
wires ;  but  as  soon  as  the  light  was  ndmitted  through  the  aperture,  tlii 
ring  was  seen  ea:tendin(f  s^iisiblif  hcifond.  The  intei^ectioQ  of  the  vita 
was  now  made  to  t!oincide  with  cbe  outer  edge  of  the  ring,  and  upon  titf 
exclusion  of  the  light  tbe  disk  was  seen  to  have /allien  sensibhj  \dthm. 

When  tbe  aperture  of  tbe  telescope  was  diminished  to  \  of  an  inch.  tlM 
ring  still  continued  to  be  distinctly  seen,  but  the  diffraction  produced  by 
the  contraction  of  the  aperture  novr  caused  the  fringes  to  bo  also  visible. 

According  to  Prof.  Powell,  the  colour  of  the  ring  was  yellowish.  Then 
also  appeared  a  faint  bluish  light  esiteading  within  the  dark  circulaxam 
encompassed  by  it. 

TUe  circumstjinces  of  the  above-mentioned  experiment,  abstractedlj  ««»■ 
sidered,  bear  a  considerable  resemblance  to  those  which  determine  llio^- 
pearance  of  the  luminous  ring  around  the  moon  during  a  total  eclipsaof 
the  sun.  Moreover^  the  results  may  be  said  also  to  agree  in  their  in»D 
features.  It  would  seem,  therefore,  not  improbable,  that  they  aie  attri- 
butable to  the  same  physical  cause.  This  conclusion,  however,  has  bwu 
objected  to,  on  the  ground  of  the  resemblance  between  tlio  natural  »A 
artificial  eclipses  not  being  sufficiently  perfect,  since,  in  the  case  of  the  arti- 
ficial eclipf^o,  the  d iff raethig  body  is  surrounded  by  a  medium  possessing  a 
considerable  power  of  refieetiug  the  solar  light-  Again,  it  has  been  re* 
marked  by  Sir  David  Brewster,  that  in  all  exptrituenta  sicnilar  to  tliose 
abuvo  alluded  to,  the  bieadth  of  the  ring  is  totally  independent  of  ik 
maguituda  of  tlie  diffracting  body,  and  therefore  the  unavoidable  cmi- 
elusion  is,  that  in  the  case  of  the  natural  eclipse,  the  ring  wdtdd  lie 
utterly  invisible  on  account  of  the  comparatively  immeniie  distance  of 
the  moon  from  the  earth  *.  This  must  be  considered  as  a  fatal  objection 
to  tbe  above  explanation,  if  the  principle  upon  which  it  ia  founded  t* 
admitted  to  be  true.  But  besides,  the  diffraction  theory  is  inoapdiile  *f 
oRering  any  account  whatever  of  many  of  the  subordinate  featum  of 
the  riufj,  (ind  tberefore  upon  this  ground  alone,  it  cannot  bo  considttoi 
as  affording  a  faitbful  representation  of  the  phenomenon. 

While  some  persons  have  sought  to  e.\plain  the  luminous  ring,  by  t^ 
Burning  it  to  be  an  appendage  of  the  moon,  others  have  endeavoured  lo 
efl'ect  the  same  object  by  referring  its  origin  to  the  snu.  It  has  b»« 
already  mentioned  that  the  illusirioua  Kepler,  who  had  the  merit  of  fiwi 
directing  the  attention  of  astronomers  to  the  ring,  suggested  that  it  inigJit 
arise  from  the  rofraction  of  tbe  lunar  atmosphere.  Another  hjpotbep* 
advanced  by  him,  as  probably  involving  the  true  explaimtion  of  tne  ptnofr' 
monou  was  to  the  etTeot  thjit  it  was  occasioned  by  the  combustion  of  the 
ether  in  immediate  contact  with  the  suu^.     It  cannot  be  denied  ikit,  it 

*  Brewster'B  Edin.  Encyclop,,  Art.  *'Astronoiiij'." 

t  Ad  Vitcllioncm  Para li pom etia,  p.  301 ;  Epitome  Aatronomie,  p.  893.  In  vHtr 
lo«ccDunt  for  ihc  ctrcumMance  of  the  darbneaa  not  bemg  equally  tntenie  duriiif  all  »(>( 
tcUpstt  uf  die  iun,  Kt:[)kritnagi[ieil  (he  ether  to  be  sometiiacs  very  deiue,  mud  ttocAi* 
ptisilv  inflamed ;  while,  on  the  contrary,  at  other  timet  beintf  vcty  mre  and  limpid,  it «» 
IcFa  liable  to  be  affected  by  iJie  action  "of  the  sotar  r»j«,  In'his  cxplanaf  ion  of  ibit  hfp- 
tlMsiii  he  tncntioas  an  i^-xpcriment  which  it  may  not  beuniaterejtiagto  d«cnbe,  Mil  if* 
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it  sight  this  explanatiot)  nppeara  reiy  plausible,  but  it  is  to  be  remfii'ked 
It  the  principle  of  an  ethereal  fluid  pervading  the  celestial  regions,  U]ioti 
ijch  it  is  founded,  is  unsuppoi'ted  by  any  positive  evidence  of  a  trnst- 
Tthy  cbamctpr,  and  therefore  it  csamaot  be  viewed  in  any  other  Ught  than 
&  gratuitous  assumptiou. 

Other  persoDs  have  sought  an  explanatiou  of  the  luminous  ring  in  the 
liacai  iiffht.  It  is  to  be  remarked  respecting  this  appendage  of  tbe  sun^ 
It  it  does  Dot  encompass  his  disk  symmetricaUj,  being  somewhat  clou- 
ted, m  the  direction  of  the  ecliptic.  Dominic  Cassini,  to  irhom  ha  dts- 
rMj  is  due,  remarked,  that  if  it  were  palpably  visible,  it  would  probably 
pew  •«  a  faint  cheselure  about  the  sun*.  Some  slight  traces  of  an  elonga- 
n  of  the  Ittminous  ring  which  appears  around  the  moon  duriiift  a  total 
ipse  of  the  sun,  have  led  lo  the  surmise  that  it  may  possibly  be  no 
ler  **^*n  the  zodiacal  light.  In  the  vast  majority  of  cases,  however, 
9  ring  has  heen  found  to  be  quite  circular :  and  even  in  those  cases 
cretn  luminous  expansions  have  been  observed  at  opposite  evtremiliea 
m  diaiueter  of  the  ring,  the  elongation  resulting  therefrom,  does  not  take 
loe  in  the  direction  of  the  ecliptic 

The  too^t  probable  explanation  of  the  luminous  ring  is  tlmt  acx'ording 
which  it  ariBes  from  the  presence  of  ait  atmosphere  about  the  smi.  Ita 
ind  figure,  its  nebulous  structure,  and  its  graduully-diminisihing  density 
twaMs,  are  all  favourable  to  the  supposition  of  its  being  due  to  an  elastic 
Id  encompassiug  the  solar  orb,  and  f^ravitatiog  every^vhere  towards  iUi 
itre.  It  is  true  that  precisely  similar  results  wsuld  ensue  from  the 
istence  of  an  atmosphere  about  the  moon ;  but,  in  fact,  there  h  no  reason 
Boppose  that  the  moon  possesses  an  atmosphere  capable  of  producing 
appreciable  effect.  Oa  the  other  hand,  tlte  hy[>othesis  of  a  solar  atmo- 
dere  is  not  only  warranted  by  the  analogy  of  the  other  bodies  of  the 
metary  system,  but  is  also  supported  by  evidence  of  &  positive  nature 
rired  from  observations  on  the  physical  constitution  of  the  ^nn.  The 
mges  presented  by  that  l»ody  when  viewed  in  tlie  telescope  can  only  be 
isktentlj  accounted  for  by  the  supposition  of  two  dissimilar  envelopes 
m&tter  suspended  in  a  transparent  atmosphere  at  different  altitudes 
we  his  surface.  That  such  a  circuraarabicnt  fluid  really  e.xista  is 
ffim  most  unequivw'ally  by  the  gradual  (hminution  of  the  brightness  of 
I  solar  disk  towards  the  margin.  With  respect  to  this  fact,  Mr.  Airy 
4es  it  is  so  palpable  to  observation,  that  when  in  the  courae  of  Ids  ex- 
rimaots  he  had  occasion  to  throw  a  portion  of  the  sun's  disk  upon  a  small 
'WO,  be  was  always  able  to  determine  whether  the  limb  was  approachiug 
I  edge  ©f  the  fully-illuminated  screen  simply  by  the  change  of  the  inteu- 


n  to  eootun  Uw  Eemi  of  ihe  discovery  of  the  diffinetioTt  of  U^ht  vsaatty  asvtibsd 
ScfiaHldi.  H&fing  imerted  two  rmall  apeiiurea  in  inc  window  of  a  dark  chamber,  otic 
ftiidb  was  about  the  i!ie  of  a  grain  of  cnllkt,  itnij  tbe  other  equal  in  ma^nilude  to  a  pea, 
dnw  two  circles  upon  a  tfreen  placed  oppoiilo,  ihe  diamE-tE?r>  of  which  bore  ihc  lanic 
AQCtkm  lo  t»th  (jlncr  a*  those  of  tlw  apertures.  The  bght  of  the  fun  hcing  tlicn  ad- 
ted  throtigh  ihe  Urger  aperture,  depicted  an  inintjc  on  the  screen  which  enaetly  coin- 
ad  wiUi  the  Iwger  drele;  but  when  thli  aperture  was  closed,  and  the  iif^hl  was  aamilled 
■^  tbe  nialler  one,  the  imitge  wat  no  hmjer  vfU  defined^  ita  margin  wa»  samewhat 
^tm.  Olid  fijtalfy  it  mrpaattd  tn  ma^nitmk  tht  SfytaUer  circU. 

*  CiMifri  firat  bi^gsa  \o  see  the  zodtntal  light  id  March,  1663;  and  in  Lhc  Joutnat  da 
WMr  for  June  af  the  lame  jear,  he  made  the  remark  nUuded  to  in  the  text.  Fur  an 
■mrtorfbe  t>Uer«ations  (extending  over  feveral  yea«)  by  tneani  of  which  he  deli. 
ely  «alabli»b«d  tl»e  exiatenct  of  this  phcpoojeaon,  See  Anc.  Mhu  AcaJ.  dt*  Sckttcet, 
L  riiUp.  121 J  eC  seq. 
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gity  of  illumiimtion  *.  Now  it  is  very  tnaolfest  that  the  present  of  u 
atmosphere  flbout  the  sun  would  occasion  a  variation  in  the  brightness  d 
his  disk  similar  to  tbftt  above  alluded  to.  since  the  mys  emauiititig  froni  th« 
edge,  by  renaon  of  their  obliquity,  would  pass  through  a  greater  depth  of  the 
elastic  fluid,  and  therefore  would  underj^o  a  more  considerable  absorption 
thau  those  proceediug  from  the  regions  nearer  his  ceatre.  Again,  it  is  u 
be  remarked,  that  there  are  not,  as  In  the  case  of  the  moon,  any  &rts  at 
vnriauce  with  the  supposition  of  an  atmoiphere  about  the  sud,  so  extensit* 
as  that  which  the  luminous  ring  would  seem  to  indicate.  Moreover,  tb( 
hypothesis  of  a  eolar  atmosphere  adftpts  itself  tf^  the  modifying  pheoomeiii 
by  ivhich  the  ring  is  occasionally  characterised,  with  greater  fiiciliiy  than 
auy  other-  Thus  what  can  be  more  natural  than  the  couchusiou  thnt  ik 
reddish  maculis  observed  during  tlie  total  eclipses  of  173.S  and  IfMi 
were  cloudu  suspended  in  the  solar  atmosphere  ?  These  pheMomena  «n 
BO  intimately  conuected  -with  the  question  relatii'e  to  the  existence  of  lb* 
Inmiuous  ring,  that  it  will  be  desirable  tu  present  the  reader  wilh  i 
detailed  account  of  the  more  prominent  features  by  which  they  were  dii- 
tinguished. 

With  respect  to  the  spots  which  appeared  during  the  total  eclipse  of 
173H,  Vassenius  gives  the  followiug  description  of  them  in  a  ahort  p«p«f 
on  the  eclipse  which  he  transmitted  to  the  Eoyiil  Society  of  Loudon:— 
"  But  what  seemed  in  the  higiiest  degree  worthy  not  merely  of  the  admiit' 
tion,  hut  also  of  the  atteution  of  the  illustrious  Royftl  Society,  were  soma 
rediUiih  spots  which  ajipeared  in  the  lunar  atmosphere  u-ithota  the  periphar 
of  the  moon  s  disk,  amounting  to  three  or  four  in  number,  one  of  wbitli 
was  larger  thau  the  othenj,  and  occupied  a  sitimtiou  aWut  midway  be- 
tween the  south  and  wes^t.  These  spots  seemed  in  each  instance  to  l* 
composed  of  three  smaller  parts  or  cloudy  patches  of  unequal  Icnglb. 
having  a  certain  degree  of  obliquity  to  the  periphery  of  the  moon.  Haring 
directed  the  attention  of  my  companion  to  the  phenomenon^  who  had  the 
eyea  of  a  lynx,  I  drew  a  sketch  of  its  aspect.  But  while  he,  not  being 
(tocuatomod  to  the  use  of  the  telescope,  was  unable  to  find  the  moou;  I 
a^in,  with  great  delight,  perceived  the  same  spot,  or,  if  you  choose,  rathtr 
the  invariuble  cloud  occupying  ha  furuier  situation  in  the  atmosphere nur 
the  moons  peripheiy."  He  adds,  that  he  continued  to  observe  the  pb^- 
nomenon  for  the  space  of  40  seconds,  until  it  finally  vanished  with  tht 
Bppearjmce  of  the  iirst  rays  of  the  sunf. 

Vassenius,  in  the  foregoing  accouul.  assumea  without  hesitation,  ibit 
the  luraiuonsi  ring  arises  from  the  existence  of  a  luuat  atmosphere.  His 
interesting  statement  respe^HJug  the  reddish  spots  which  he  perceived  ^ 
it,  is  conobomted  by  the  pastor  of  Marstroom,  who  appears  also  to h»v« 
witnessed  a  similar  pheuomeuon.  Tho  following  are  the  terms  in  whici 
Celsius,  while  citing  tho  observation  of  Vasaeniiis,  alludes  to  its  cotiflnn*- 
tioa  by  that  individual : — "  Tn  the  luminous  ring  itself,  he  (Yasseiiiai) 
perceived  three  or  four  lucid  maailts  of  unequal  form  aud  magoitude 
hear  the  lunar  periphery,  but  still  not  adhering  to  it  He  also  affinn^ 
that  at  Marstroora,  M.  Brag,  llie  pastor  of  the  placet  alao  saw  tlie  att> 
macui^t:  near  i\m  moon's  limb,  through  au  English  telescope  of  txeoOcot 
construction/*  * 


•  Mem.  Alt,  Soe.,  toI.  %t.  p,  U.  +  phj!,  Trtni,,  1783k  p.  I85t 

f  Acta  Lit,  et  .ScicD.  S«ec,  vol.  iv..  p,  65.   As  tt  lias  b«ii  codBM-Wit]  Ihal  theobMlilfM  ! 

of  the  Swedish  pastor,  cited  in  ihe  teit,  Leods  to  throw  sotae  ambiguity  (^vtifui  tm^)' 


It  is  proWbly  a  similar  pbenomenon  tvLicii  i:^  alluded  to  by  BueUius, 
laother  Svredi&b  pastor  residing  at  Calmaria  on  the  lialtic  Sen,  In  liia 
•oooont  of  the  same  eulipse,  he  states  that.  *'  on  the  right  of  the  sun 
towards  the  north,  be  perceived  two  lucid  streaks  pExrallel  to  each  other 
ud  iDcliued  to  the  horizon.  "* 

The  following  is  a  deseriptioa,  by  M,  Mauvaia,  of  the  phenomena  of 
A  similar  nature  wlitch  appeared  during:  the  total  eclipse  uf  iM'if  as 
thej  were  seen  by  him  At  Perpigiifm. 

**  A  few  seconds  after  the  total  obscuration,  while  attempting  to  deter- 
niite  the  breadth  of  the  ring,  I  perceived  a  reddish  jjoint  at  the  inferior 
liaib  of  the  moon,  which  did  not,  however,  project  eensiWy.  V^^hcn  Jifh/'Siji 
"  had  elapsad  from  the  total  obscuration,  the  reddish  point  of  flitch 
1»e0EL  tpeakiDg  tiunsformed  itself  into  two  protuberances,  similar  to 
contignoUB  mountiiias,  perfectly  well  defined,  They  were  not  of  a 
jrm  colour;  upon  their  tianks  were  seen  streaks  of  a  deeper  tint.  I 
AM  give  a  more  exact  idea  of  their  aspect  than  by  comparitig  them  to 
;  of  the  Alp«  illumiLftted  by  the  sctiiug  sun  and  seen  afar  off, 
tiuniiM  and  t«n  second*  bad  elapsed  from  the  total  obscuration »  when 
ird  mountiiin  was  perceived  to  the  left  of  the  two  others.  It  exhibited 
Bame  aspect  aa  &.r  as  regards  colour.  It  was  tlanked  by  some  smaller 
I,  bnt  all  were  perfectly  well  defined. 

While  this  third  inouotain  was  in  the  process  of  issuing  forth,  the 

two  continued  all  the  while  to  increase.     They  ntla.ined  a  height 

1,  according  to  my  estimation,  subtcDdod  an  angle  of  about  ^^l'. 

Th«  interval  between  the  two  groups  appeared  to  embrace  on  arc  of 

It  35''  upon  the  moon's  limb.    The  most  couaiderablo  group,  the  most 

>ro  in  EppearaTite,  seemed  to  me  to  be  a  few  degrees  to  the  left  of  the 

point  of  the  lunar  disk,"t 

Mayette,  a  captain  of  the  French  ICtigineers,  who  also  observed  the 
sc  at  Perpignan,  compured  the  protuberances  to  beautiful  sheavet  of 
Ho  states,  that  he  continued  to  see  the  most  northern  sheaf  & 
MOonds  itfter  the  emersion  of  the  sun, 
]f>  Petit  states,  that  at  Montpetlier  the  two  inferior  points  first  an- 
Mared,  the  more  western  before  the  other.  They  gradually  but  rapidly 
UMraued  in  magnitude,  as  well-detined  objects  would  have  done,  emerging 
linim  behind  the  lunar  disk.  Uy  actual  measurement  M.  Petit  obtained 
r  4S"  for  the  luigular  magnitude  of  Iho  largest  of  the  luminous  prutu- 
loes. 
ii  Toulon,  which  was  near  the  southern  limit  of  the  lunar  shadow, 
litaui  Berard,  of  the  French  Marino,  remai-ked  thBt>  during  the  interval 
ll  (obscuration ,  there  was  seen  beyond  the  moon'a  limb,  near  the 
iKon  where  the  sun  was  about  to  emerge,  a  ivn/  slender  rM  hand, 
jutarly  imlettttdt  or  ii»  it  were  fvrroxi'ed  her*  and  titere  with  kollfnf». 
L  Flaguerguei,  who  observed  the  eclipse  at  the  same  place,  remarked, 


,  iliC  rtitcraeiit  of  VaKfi»;n>ii.',  Jiiaamucli  a.<v  il  repreiciits  the  spots  to  be  in  contact  w  ith 
!  motia'i  hmb,  tt  mav  be  clc«irablo  to  give  the  precii^  words  in  wliich  it  Is  expressed  in 
ftaorigtoal  by  Cdeiu*.,  ^hieh  are  to  the  foUowin^  L'-fle'cl : — "  Hm  ttiam  macuSft^  Marstrundii 
ps  AnclicAnum  oiittma?  notteltleseopiutujuxJa  tunte  limbuni  perccptaii  esse  reft-rl  a  paa- 
liw«  locn  Bn-  Bra^."  It  is  clear  from  the  words  in  ilalica  (which  lioiKevcr  arc  n(jt  marked 
■>  ia  the  oria^na.])  that  the  observation  of  M.  Bng.^o  far  from  contradicting  that  of  Vat- 
sniut,  nSfatii  a.  mosi  ttatt-^factury  confirmation  of  it. 
*  AcU  hiu  et  Scieii.  StjL'C,  tom.  iv.,  p.  63. 
Anauairc,  1846.  p.  40y, 
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tViat  previous  to  the  reappearunce  of  tbe  snn,  be  perreiyed  first  one  la* 
luiiious  poiut,  then  n.  second,  n.iiil  sooti  afLerwm'ds  a  thii'd,  all  viable  in  tLe 
regioQ  whi:re  the  sun  trnjt  about  to  rmti'ffc, 

M,  Valz  thus  describes  ibe  (ippearaace  presented  al  Marseilles  during 
the  totality  of  the  eclipse.  "  Forly  seconds  previous  to  the  end  of  tlw 
total  obscuration,  I  perceived  netar  the  part  of  ibe  moon's  litnb  where  I 
expected  the  suu  to  reappear,  two  points  near  each  other  of  vctr  grtat 
hrilliaucjr,  more  brllliaut  even  than  &lars  of  the  first  magnitude.  Their 
light  was  irhite  like  that  of  the  sun.  There  was  seen  issuing  from  each  of 
these  points  a  tnadti  of  light  resemhlinrT  that  which  is  perceived  ia  it  duk 
room,  into  which  the  solar  light  penetmtes  through  an  apertare,  but  dtilj 
more  divergent ;  and  coinciiiny  in  direclion  mtli  the  rays  ixsuing  from  ihi 
luminoHit  ring.  .  .  .  Fifteen  fiecouds  afterwatd^,  a  third  briliinut 
point  appeared,  more  to  the  north,  accompanied  also  with  a  diver^ng 
train  of  lightj  and  contributing  to  form  a  portion  of  the  radial  ghnj  of  the 
riug."  M.  Valsi,  who  supposed  that  the  lutuiuous  points  j'lerceived  bjr  him 
were  situate  a  little  idthin  the  margin  of  the  lunar  disk,  was  under  the  im- 
pression that  they  were  occasioned  by  the  sun  shiniug  through  deep 
valleys  on  the  moons  surface,  which  in  eadi  irvstauce  appeared  to  be 
closed  Rt  the  top,  by  the  projection  of  one  of  the  sloping  sides  of  the  vallei* 
upon  the  opposite  eide.  He  states,  that  actording  lo  the  relative  move- 
ment  of  the  sun  and  mooD,  the  lirst  luminous  points  were  situate  about 
SO"  within  the  moon's  border. 

At  Visau,  which  was  situate  close  to  the  northern  liniit  of  the  luuw 
ehadow,  M,  Guerin  perceived,  immediately  after  the  total  obscuratioo, 
seven  or  eight  renj  diMinct  indentations,  which  might  have  beeu  takea  fof 
so  many  stars  of  different  magnitudes.  They  were  redder  hut  le»  bril- 
liant than  Mars.  3f  the  whole  periphery  of  the  lunar  disk  Lad  hi?en  boi* 
dered  with  similar  lumiooua  points,  it  would  have  presented  the  appear- 
ance of  a  hox  of  ebon  If  garnished  ivilh  rubies. 

At  Digtie,  M.  Eugene  Bouvtu-d  perceived  ttco  Intshcs  of  Uttht  at  Uw 
lower  part  of  the  moon  s  limb.  They  were  formed  of  mys  of  a  heauliful 
red  mingled  with  some  rays  of  omuge  colour.  They  ffraduailif  becawi 
broader  and  faiitter  as  they  I'eceded  from  the  moon's  limb*. 

The  accounts  respecting  the  appearance  presented  hy  the  lumiinous  pro- 
tuberances in  Italy,  do  not  differ  materially  from  those  of  the  Freacli 
observers.  Mr.  Aii^  remarked,  that  in  form  they  somewhat  resembled 
saw  teeth  in  the  position  proper  for  a  circular  saw,  inclined  in  the  same 
direction  as  that  in  which  tlic  hands  of  a  watch  turn.  Their  height  was  ftt 
least  equal  to  a  fourth  of  the  breatUh  of  the  ring,  or  V\. 

According  to  Mr.  Biiily,  the  luminous  protuberances  had  the  apjwwr- 
ancs  of  mountains  of  a  prodigious  elevation.  Their  colour  was  red,  tingd 
with  lilac  or  purple.  "  Perhaps,"  says  he,  *'  the  coK^urof  tlie  peach  blussooi 
would  more  nearly  represent  tlieir  iispect,"  They  somewhat  resem- 
bled tlio  snowy  topa  of  the  Alpine  mountains  when  coloured  by  the 
rising  or  setting  sun.  Tlmir  light  wa.3  perfectly  steady,  having  nglhing 
of  the  flickering  appearance  observable  in  the  corona.  The  most  cod- 
sidcmble  was  bifurcated  down  to  itn  base,  iu.somuch  that  one  might  b*rt 
said,  there  were  two  protuberances,  the  one  being  projected  upon  tint 
other  I. 


■  ADnuaire,  IB4G,  p.  430. 

I  Mem.  Asl.  Eoc,  vol.  XV.,  p.  W. 


t  II).,  p.  6. 


BMTOTIT  OF  PBTSTCAt   A»TllOSOWy. 


393 


kt  several  of  the  statious  in  LoniLartly,  where  the  ct-lipse  vtbs  observed, 
'  two  protuberances  were  visible. 
Sig.  Santini  states,  that  at  Padua,  the  lumiuous  protuberances  pre-* 
ented  the  appe&rHuce  of  irregular  columns  of  smoke,  undulating  upon 
load  bases,  and  seemiug  to  ascend  from  behmd  the  body  of  the  moon  *. 
Sig.  Biek.  who  observed  the  eclipse  at  the  same  city,  states,  that  there 
|ipeared  at  the  lower  part  of  the  moon  "a  limb,  three  pTramids  of  a  dark 
Dddi&b  colour,  resembling  bumiug  coal,  or  rather  approaching  to  the 
olonr  of  purple-    Two  of  these  pyramids  were   near   each  other;  the 
bird,  v;hich  vras  the  largciit,  was  more  in  the  left,  but  still  was  to  the 
ight  of  the  jxiiiit  at  wtiich  the  sun  was  about  to  reappear.     The  light  of 
euo  first  appeared  in  isolated  points,  which  in  a  few  iunlauts  united 
ther,  and  fornied  an  excessively  slender  lunule.   The  lunule  had  already 
Jomted  a/eip  secoridi,  when  the  rtdJish  pyramids  disappeared f. 
The  following  interesting  account  of  the  Inminous  protuberances  is  given 
Bl.  LittrovT  of  Vienna. 
*'  Shortly  after  the  formation  of  the  ring  there  appeared  luminous  spots 
several  points  of  the  contour  of  our  Gatellite.     Three  of  these  spota 
particularly  remarkable.     Their  colour  was  red  with  a  tinge  of  blue, 
very  much  resembled  the  summits  of  the  glaciers  gilded  by  the 
nnng  or  setting  sun  ;  only  tbey  did  not  terminate  in  peaks.     The  largest 
ipot  was  About  6'  in  height,  and  was  about  2'  broad  at  its  base.   Their  as* 
pect,  which  was  hrst  white,  changed  to  rose  colour  and  then  to  violet;  and 
afterwords  passed  in  a  reverse  order  through  the  same  tints,    .    .    .    The 
I^Qtaberances  were  visible  before  they  asstuned  a  coloured  htte,  and  they 
omtmued  lo  be  visible  after  their  colour  was  disi^ipated."^ 

M.  Otto  Slmve  has  stated,  that  at  Lipesk,  a  little  before  the  reappear- 
tnce  of  the  sun,  M.  Schidlowsky  perceived  several  rose-coloured  mmes 
vhich  appeared  suddenly  to  burst  out  at  seveml  parts  of  the  lunar  disk. 
Tbey  resembled  mountains,  whose  height,  by  estimation,  appeared  to  be 
ibout  H*.  A  rery  larrje  part  of  ike  iutiardiak  wan  gnrtiished  ii'ith  a  simiiar 
midUh  bordvriu^,  M.  Scbidlowsky  was  unable  to  examine  the  entire 
tttntour  of  the  moon,  for  soon  after  he  observed  the  phenomenon,  the 
Mn  reappeared. 

The  first  question  which  naturally  suggests  itself  upon  the  perusal  of 
the  foregoing  statetDenls  is  this — do  the  luminous  protuberances  noticed 
by  the  various  obsenrere  belong  to  the  siUn  or  to  the  moon  ?  Admitting 
that  lliey  were  appendages  of  the  moon,  they  may  be  conceived  as  repre- 
lenting  either  mountains  on  her  surface  or  clouds  suspended  in  her  atmo' 
^iiere*  To  adopt  tlie  former  of  these  explanations,  however,  would  be 
nrigmDg  to  the  lunrir  surface  inequalities,  vastly  exceeding  those  dedu- 
cible  from  other  phenomena  of  a  less  doubtful  nature.  Nor  is  the  sup- 
pofiitioii  of  a  meteorologic4Ll  origiii  more  probable,  since  it  appear:^  from  a 
multitude  of  considerations  that  if  an  atmosphere  really  exist  about  the 
mooa.  it  is  utterly  incapable  of  holding  in  suspension  clouds  of  sucli 
«ttomioa«  magnitude  as  the  apparent  dimensions  of  the  protuberances 
mmld  indicate.  The  conclusion,  therefore,  seems  to  bo  unavoidable,  that 
vhaiever  be  the  real  nature  of  the  pheuotnena,  they  cannot  be  referable  to 
the  moon. 

But,  on  the  other  hand,  if  tbey  be  admitted  to  be  clouds  &uspeuded  in 


I 


*  Gioraile  deli'  J.  R.  btituto  del  Loinbsnio,  tom.  iv„  p.  078. 
t  lb.,  p.  382.  :::  Annuairc,  1646,  |f.  434. 
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the  solar  attDospbete,  the  e^ipluuntiou  of  the  various  facts  I'elaliug  to  theoi 
becouoea  more  coiiaiatem  and  pi'obuble. 

1°.  That  they  are  solar  and  not  lunar  pbenomeua  is  evident  from  their 
bemg  invisible  for  some  time  after  the  total  obgcumiiou,  au  tvell  as  from 
their  appearance  iis  luminous  points,  and  their  subse^iuent  gradual  incredM 
of  mtJguitude.  All  these  fai-ts  are  stated  with  great  preti&ion  by  Jf.  " 
Mauvais.  They  are  the  results  ivhich  would  obviously  follow  from  the 
contigwity  of  the  protuheraucea  to  the  suu  at  the  upper  and  western  |j«rt 
ef  the  limb,  and  their  gmdurd  disclosure  by  the  motion  af  the  moon 
towards  the  east.  The  last'meationed  fact  of  the  protuberances 
tfradualiy  brought  into  vitiw  by  the  motion  of  the  mvon  over  tht  J»«»'« 
m  distinctly  assertfid  bj  M.  Petit  as  having  been  very  paljmble  to 
Hflrvatiou  *. 

3°.  Near  the  southern  limit  of  the  hmar  shadow  ilie  moon  would  project 
considerably  lieyond  the  superior  part  of  the  sun's  limb,  and  therefore  it 
might  be  expected  thnt  the  targe  protuberances  seen  elsewhere  would  eon- 
tin  no  to  be  ahnmt  totally  CGHceaM,  so  aa  to  ap])eftr  only  as  lumitioiu 
points.  This  eircumstunce  would  prevent  them  from  attracting  moR 
peculiarly  the  attention  of  the  observer,  ivho  tnigbt  conserjuenUy  be  led  to 
discorer  similar  jmnti  of  equal  minutenssi,  which  might  otherwise  hav« 
escaped  his  notiee.  The  truth  of  this  remark  will  be  more  Appwent  to 
the  reader  wlietk  he  takes  into  consideration  the  extreme  shortness  of  the 
interval  of  total  obscuration,  even  at  those  places  that  were  situate  in  th* 
very  centre  of  the  shadow,  and  the  variety  of  circumstaniees  which  call  for 
the  vigilant  attention  of  the  observer  during  the  lapse  of  that  intcrtiL 
The  phenomena  oh&erved  at  Toulon,  which  was  ajtuale  only  a  short  dia- 
tuioe  within  the  south  boundary  of  the  shadow,  is  ijuiCe  consistent  wi^  tie 
above  conclusion. 

.  3°.  Towards  the  northern  limit  of  the  shadow,  where  the  moon  pro- 
jected only  in  a  small  degroe  over  the  superior  part  of  the  sun's  litnb,  it 
might  be  expected  that  the  protuberances  would  become  visible  intm*' 
dititjfhj  after  the  commencement  of  the  total  oltseiiroliou-  This  cimmi' 
stance  actually  occurred  at  Visan,  as  has  been  already  mentioned.  Ili» 
difficQlt,  however,  to  account  for  the  smallncsg  of  tlie  angular  dimension* 
under  which  the  protuberances  appeared  nt  that  place.  Perhaps  it  afwo 
from  the  shortness  of  the  interval  of  total  obscuration,  nut  allowin)^  tbfl 
eye  sufficient  time  to  recover  from  the  dazzling  ctlect  of  the  suu*s  l^hl, 
so  as  to  take  due  advantage  of  the  obscurity  which  actually  prevails,  Wfl 
have  seen  that  the  nonvisibility  of  the  stars  of  the  second  magnitude  daring 
the  total  obscuration  has  been  referred  with  great  probability  to  the  aaiae 
cause. 

Admitting,  then,  that  the  phenomena  had  an  intimate  eoimexion  wilb 
the  sun,  there  are  various  facts  which  render  the  suppoiitiou  of  iheil 
meteorological  origin  extremely  probable. 

r.  The  reddish  colour  of  the  light  emitted  by  them  indicated  tluit  ihej 
possess  the  property  of  absorbing  in  a  great  degree  all  the  mys  of  tie 

*  I(  \i  bot  to  be  denied  that  the  a\te  vvbicli  tho  jiroluberaneet  ultintntelv  aMjuired,  whfO 
tuken  iutn  cnu»>iilcniti(iii  wilti  the  faot  of  their  first  appearance  ajler  the  tota!  cbscantMk 
an  Hurt  lumtHvtm  points,  consider&tily  ext^eeda  that  which  this  expliiitation  of  ibcir  ^ 
ri^nt  growlH  would  assign  to  thom.  It  ik  to  He  nMnarked,  howt^cmr,  lliat  tvhen  Ui^J 
befflime  vkibk^  ttigejic  had  not  in  all  probabilitj  rt'covcrcd  frum  the  dtiximg  eflect « 
Hin'k  nja,  »u  iu  to  f\itc£ia/vlfy  the  porttgtt  of  oacb  protubcnncQ  thai  wia  alfeadj  <" 
to  view. 
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spectrum,  except  the  red,  as  iu  ihe  cascf  of  the  terrestrial  clouils  when 
!hej  are  seen  illuramated  hy  ibe  suti  after  hia  disappearaiice  under  the 
horizon. 
S'.  The  radifU  appeanmce  vvkicli  the  protuherBiicea  exhibited  to  M. 
:ug«De  Botivard  chn  only  be  explained  by  the  supposition  of  the  raja  of 
0  sun  forcing  their  \my  through  the  interstices  of  the  clouds  contiguous 
to  his  luminous  surfftce,  and  illuminating  the  particles  of  the  solar  atmo 
sphere  eitufita  beyond  in  the  line  of  their  emiinatton.  So  also  with  respect 
to  tho  luminous  points  observed  by  M.  Valz,  it  is  impossible  otherwise  to 
socoant  for  the  eomtaut  ernunation  of  the  tatft  outttarda  in  a  direction 
Bormal  to  the  moon's  limb. 

3"-  The  zone  of  a  deep  red  culotiir  observed  at  Toulon  towards  the  part 
of  the  moon's  limb  where  the  aun  was  about  to  emerge,  clearly  indicates 
(he  aecnmulation  of  nebulous  matter  in  the  lower  regions  of  the  solar 
atzDOsphere,  as  irell  as  the  condensation  of  the  circumambient  fluid  of 
which  the  latter  is  composed,  towards  the  sur&ce  of  the  sun,  arising  from 
the  pressure  of  the  superiiicumheut  sti'attt. 

The  indications  of  a  solar  atmosphere  afforded  by  phenomena  bearing 
I  slroog  resemblance  to  clouds  and  vcbuhus  atraia,  ag  well  as  by  the  ap- 
pearance of  rdifs  in  a  direction  norinai  to  the  aim'?,  limb  *,  although 
chiedj  conspicuous  during  the  toijil  eclipses  of  1733  and  1842,  have  pre- 
seoted  themselves  on  tiumeroua  other  occasions  in  a  greater  or  less  de- 
developement.     Aa  this  is  a  point  of  couaiderable  importance  in 

leslioii  relative  to  the  physical  constitution  of  the  sun,  it  perhaps 

J  not  be  out  of  place  to  give  u  brief  statement  of  all  those  obseiTaiions 
hich  tend  more  especially  to  illustrato  it. 

tain  SiaiinyQij,  wbo  observed  the  total  eclipse  of  170U  at  Berne, 
that  the  imersion  of  ih^  sun  was  preceded  btj  a  blood-red  streak  of 
ikt  from  its  left  limb,  whicb  continued  not  longer  than  six  or  seven 
Wconda  of  time  f. 

A  similar  phenomenon  was  remarked  by  both  Ilalley  and  Louvillo  on 
Ibe  oocBsiou  of  tho  total  eclipse  of  1715.     Halloy,  in  liis  account  of  the 
ipse,  states,  that  about  two  or  three  seconda  before  the  emersion,  a,  hntf 
MTjf  narrow  strmk  of  a  rf»w%  but  strong  red  Ur/ht,  seemed  to  colour 
dwk  edge  of  the  moon  on  the  western  Kide  whuro  the  sun  was  just 
ontj.      Louville  stales  that,  towards  the  end  of  the  total  ob- 

on,  there  icas  seen  about  the  moon's  limb,  at  the  place  where  the 

iSn  vas  about  to  emerge,  an  ait;  of  a  deep  red  cohtir.     In  order  to  obtain 
an  assurance  that  the  phenomenon  v^as  not  due  to  the  aberration  of  tlie 
'        pe,  he  took  the  precaution  of  viewing  it  through  the  very  centra 
object-glass^  when  he  found  that  it  exhibited  the  same  colour  as 
f. 
Ulloa,  in  bis  account  of  the  total  eclipse  of  1778,  speaks  of  a  point 
«f  red  light  which  appeared  on  the  edge  of  the  moon's  disk  near  the  place 
where  the  sun  was  about  to   etnerge.     It  first  became  irisible  about  a 
Toinute  and  a  quarter  before  the   reappeanmoe  of  the  sun.    It  then 
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It  ItBi  been  mentioned  in  tlic  ac(?«unt  of  the  appcnratiuo  pm%'ntE'd  by  the  luiuinOlU 

duiing  the  lotai  sciipte  of  173:},  iM  there  were  seen  emanating  from  it  raj's  of 

t  iffmpth,  which    constantly   mamtaioed  tlie  »ame  pantian.     This  d?»criptiun   it 

at  variuice  writb  the  supposition  or  the  pheaoincnoa  being  due  to  the  iircguliu 

■citiUilstion  at  a  luminoiui  object. 

t  PhiL  TTkih..  1706.  p.  22^0,  I  Phil.  TnoBn  1715,  p.  250, 

i  M^.  Acad,  des  Sciences,  17  IS,  p.  93. 
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equalled  a  star  of  the  fourth  raagnitude,  but  it  pradually  became  larger. 
Wheo  it  attained  the  size  of  a  star  of  the  second  magnitude,  the  edge  of 
the  Bun  emerged  from  behind  the  moon,  and  it  then  ceased  to  be  visible. 
He  remarks  that  it  appeared  so  near  the  edge  of  the  moon  as  to  leave  ao 
doubt  of  its  belongiug  to  the  body  of  the  sun*.  He,  in  fact,  supposed  the 
phenomenon  to  arise  from  the  sun  being  visible  throutfh,  a  kok  in  ihs 
hod\j  of  the  moon.  There  can  he  no  doubt,  however,  when  we  take  into 
consideration  the  contiguity  of  the  luminous  point  to  the  edge  of  iht 
lutuur  disk,  as  well  as  its  deep  red  colour  and  its  gradual  iijcrease  of 
apparent  magnitude,  that  it  was  exactly  of  the  same  nature  with  those 
luminous  points  that  were  seen  at  several  places  during  the  total  edip&e 
of  lft42. 

With  respect  to  the  total  eclipse  of  1800,  Ferrer  remarks  that,  a  few 
i.ipeconds  before  the  eraeraion  of  the  sun,  he  obserred  a  zone  to  issue  cm- 
'ttntric  with  the  sun,  siuiilar  to   the  appearance  of  a  chud  WumitmUd  iy 
the  sohr  rays\. 

It  has  been  mentioned  tliat,  during  the  total  eclipse  of  1842,  there  wu 
Been  at  Toulon  «  baiid  of  red  light  around  a  portion  of  the  moon's  liiub, 
The  following  obaervations  of  the  same  eclipse  afford  evidence  of  a 
similar  plienomenon, 

Sigtior  Santini  states,  that  while  engaged  ia  watching  the  last  fragment 
of  the  solar  light,  Ju  order  to  determine  the  instant  of  total  immersiont 
there  appeared  on  the  right  as  well  as  on  the  left  several  htminoiis  strtnh 
teparatfd  by  obscure  and  even  absohtt^hj  dark  interrali,  which  vfluisheda 
little  before  the  immersion  of  the  lost  point  of  the  solar  disk  *, 

Stgiior  Cotiti  mentions  in  bis  account  of  the  eclipse,  iliat,  previous  to 
the  emersion  of  the  sun,  there  appeared  a  reddish  arc  of  light  on  Uie  right 
iide  of  the  lunar  disk.  When  it  became  a  little  brighter,  he  jwrceived 
another  vivid  light  separated  Jrom  the  former  bt/  a  dark  intervaL  The 
phenomeuoii  was  visible  only  for  a  short  tjnie§. 

Sig.  Pietropoli,  who  also  observed  the  eclipse  at  Padua,  states  that  pre- 
vious to  the  total  immei'sion,  he  perceived  below  to  the  right  two  iwy 
beautiful  patches  of  itffht\\, 

Sig.  Radman.anotlier  obseri-er  at  Padua,  appears  to  have  witnessed  the 
phenomenon  both  before  and  after  the  total  obscuration.  He  B3;scrts 
that  no  sooner  was  the  BVtn  totally  obscured,  than  there  appeared  a  r^ry 
ilemhr  strmk  of  a  reddish  light,  surrounding  somewhat  less  than  half  ihd 
circumference  af  the  moon,  disposed  equally  on  each  side  of  the  plac* 
where  the  last  ray  of  tha  sun  was  extinguished.  He  adds,  that  it  ^on 
vuubliod,  but  that  it  reappeared  at  the  instant  of  the  emersion  of  the 
BunV. 

M.  Schuntacher  thus  describes  the  appearanco  presented  by  thio  moon's 
limb  immediately  previous  to  the  lerunnation  of  the  totality  of  the  eclipse. 
"  A  little  before  the  emersion  of  the  sun,  there  appeared  near  tl^t  {wrt 


*  PhiL  Tranj,,  1770,  P.  110. 

+  Trans.  Amer.  PbiJ.  Soc,  vol.  vi.,  p.  274,  The  foUowin^accnunl  of  tliU  plienotnenDii 
ifl given  by  Mr.  Garnctt.  who  us-jisitcd  Ft'rrer  Jn  liig  DbBcrvBLlians.  *■  Before  the  emd  of  the 
total  eclipse,  ihe  utui  Imb  of  the  moon  begun  to  be  iiltmitttitetl^  and  ihe  light  incTwued 
■o  rapidly,  lliat  I  at  lu^t  mi»1ouk  it  for  the  tun's  egreai,  and  called  the  tinw  to  Mr.  Ferrer: 
but  he  m\v  the  error,  and  still  kept  hi»  eye  to  the  glass,  when  ihe  fint  lolaT  ray  nearly 
btindod  him." — TUhch't  Journal  <f  Natural  Phitoufjih^,  vol.  tax.,  p.  322. 

}  Giom.  dell'  Ut,  del  Lomb.,  tom,  iv.,  p.  379.  §  Ibid.,  p,  380. 

I  Ibid,,  p.  30a  t  Ibid.,  p.  3&4. 
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the  Innor  disk  froin  behind  whkh  tlie  first  ray  of  light  was  about  to 
ue,  a  narrov  streak  of  ro&e'Coloared  red  light,  which  extended,  perhaps, 
over  an  arc  of  70"  or  80°  along  the  moon's  Hmb,  and  which  disappeared 
»fiih  die  luminous  ring  and  the  rose-coloured  mountains  as  soon  as  the 
first  ray  of  the  sun  darted  forth  *. 
M.  Otto  Struve  was  under  the  impreaaion  that,  immediately  before  the 
ppearauce  of  the  sun,  he  perceived  a  red  streak  of  titjht  along  the 
a  a  limb,  about  45°  finom  the  point  where  the  total  immersion  took 
acef. 

The  radial  appearance  noticed  during  the  total  eclipse  of  1843^  imme- 
tely  before  and  after  the  complete  obscuration,  is  also  a  phenomenon 
which  obviously  indicates  the  existence  of  a  solar  atmosphere.  Thus,  in 
the  description  of  the  eclipse  ascribed  to  Mrs.  Airy,  it  is  affirmed,  that  with 
respect  to  the  place  where  the  aun  bad  gone  in,  and  that  where  he  ^aa 
about  to  emerge,  the  light  came  out  succeisiveli/  Me  Uitlt  beams  from  the 
m^oH'*  edgelr  Moreover,  it  Is  stated  that  the  light  of  the  ring  did  not 
present  any  remarkable  change  until  the  little  Jiame-coloured  beaim  shot 
out  for  a  few  seconds  before  the  reappearance.  This  emanation  of  red  raya 
in  ft  direction  perpendicular  to  the  moon's  limb,  can  only  be  accounted  for 
by  supposing  the  rays  of  the  sun  to  he  obstructed  in  their  progress  out- 
Tffitrd*,  oy  a  dense  atmosphere  enveloping  the  solar  surface  and  exercising 
an  inflaenco  ou  the  primitive  rays  of  the  speetrum  similar  to  that  prO' 
duced  by  the  terrestrial  atmosphere. 
The  accounts  respecting  annular  eclipses  are  not  wanting  in  aUusinns 
phenomena  indiL'ative  of  a  solar  atmosphere,  analogoui  to  those  which 
ve  been  already  noticed.  A  brief  review  of  those  which  more  especially 
r  on  the  subject,  cannot  fail  to  prove  intereating  to  the  reader. 
Maclaurin,  in  his  account  of  the  annular  eclipse  of  1T3T,  states  that  a 
itlle  before  the  formation  of  the  ring,  a  remarkable  point  or  ijjeck  of 
pale  titjht  appeared  near  the  middle  of  the  part  of  the  pioon'a  limb  that 
was  uotyet  come  upon  the  disk  of  the  sun,  and  that  a  yleam  o/Hffht  more 
int  than  tins  light  seemed  to  be  crtcndcd from  it  to  each  horn.  This 
phenomenon  was  seen  about  fifteen  seconds  previous  to  the  projection  of 
flhe  whole  body  of  the  moon  upon  the  solar  disk  §. 

Maclaurin  also  states  that  IjDrd  Aberdour,  who  observed  the  same 
«cHp8e.  remarked  that  a  narrow  streak  of  a  dusky  red  li/^hi  coloured  the 
dark  edge  of  the  moon^  immediately  before  the  ring  was  completed,  and 
.After  it  was  dissolved  ||, 

I  Van,  Swinden,  in  bis  account  of  the  annular  eclipse  of  September  7, 
ISiJO,  as  obsen-ed  by  him  at  Amsterdam,  states  that  just  before  the 
annulus  w»s  formed,  he  perceived  above  the  yd  iinmersed  limb  of  the 
6un.  &  very  Small  arch  of  light,  which  was  no  part  of  the  solar  disk.  He 
«l9o  adds  that  the  spnce  between  it  and  the  moon's  dark  limb  teas  not 
Utumintited.  It  might  have  been  compared,  as  to  colnur  and  appearance, 
icith  the  end  of  the  flaiuo  of  an  argaad  lamp  projecting  beyond  llie 
chimney  or  glass  tube  H. 

•  Annualre,  1846.  p.  437.  +  fbld.,  p.  437. 

I  Mem.  Ast.  Soc,  vol.  xv.,  p.  16. 

5   Phil  Trans.,  1737,  p  181.  I|   Ibii,  p.  182. 

^  Hem.  AiU  Sot  vol.  i,,  p.  145.  Van  gfrintlcn  men(iona,  in  ihe  account  of  hu 
,  obaervalions,  that  durmt^  the  annular  eclipse  of  1764,  ti  atmilar  arc  of  fstnt  tight  wsi  te«n 
ilfomid  tbe  moca'i  limli  at  Toulouse,  by  M,  Ditrtjuicr. 
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The  lato  Mr.  Henderson,  who  observed  the  annular  ecHpae  of  3faj  15, 
JSliG,  nt  Edmburgh,  states,  in  an  account  of  liia  observations  ol  tlie 
phenomenon,  that,  previous  to  the  formatioa  of  the  aimulu^.  when  the 
cusps  wQi*©  about  GO'^  or  40°  from  each  other,  an  arc  of  fuini  reddiih 
tight  wm  seen  extending  between  them.  This  appearance  lasted  seveml 
seconds  *. 

Tho  obaervfttiona  rondo  in  the  United  Stales  of  America  during  the 
nnnular  eclipse  of  February  10,  1838,  furnish  additional  illustrations  of 
the  same  phenomenon.  Prof.  Henry,  who  observiid  the  eclipsa  at 
Princeton  College,  New  Jerspy,  states  that  about  two  minutes  before  dit 
formation  of  the  ring,  ho  perceived  an  arch  of  faint  lifjht  between  the 
cusps,  and  shortly  afterwards  n  brush  of  greater  intensity,  projecting  from 
near  the  lower  cujpsf.  A  similar  apjiearauce  was  witnessed  by  Prof. 
Johnson,  who  observed  the  eclipse  at  Philadelphia.  About  a  winuty 
before  the  formation  of  tlie  ring,  he  perceived  an  arch  of  fmnt  H^t 
beyond  the  cusps,  with  a  speck  or  brush  in  the  centre  txlending  outttardt 
to  (t  distance  of  tuio  derfrccs.  At  the  instant  of  the  fomiatiou  of  the 
annul  us?,  the  arch  of  light  had  much  increased  in  brightnesa.  Tbo 
brush  which  whs  originally  in  the  ceutrei  now  extended  from  cusp  to  ctw|i, 
radiating  outwards  to  the  extent  of  uearly  three  digits  J. 

Two  obaervationa  at  least,  tending  to  illustrate  the  subject  under  oon- 
aidemtion,  were  mado  during  the  annular  eclipse  of  October  fl,  1&47. 
Dr.  Foi'ster,  who  witnessed  the  eclipse  at  Bruges,  has  stated  in  an  affount 
of  hia  observations  that  there  was  visible  a  voiy  remnrkahlc  luminous  arv  or 
ridge  of  light,  dilferentit/  colotired  from  the  rest  of  the  sun,  extending  alon;j; 
and  immediBtely  on  the  limb  of  the  moon  between  the  cusps.  The  appear* 
ance  lasted  uearly  five  minutes  §.  Captain  Jacob,  who  observed  the  eclipse 
at  Bombay,  states,  thiit  shortly  before  the  annular  phase,  afahtt  ray  or 
brush  of  Uyht  was  saen  issuintj  from  the  sun's  northani  cusp,  which  soon 
after  extended  in  both  directions  as  a  tangent  to  the  sint>  limb  \\. 

It  might  be  expected,  that  the  arcs  and  specks  of  light  observed  areund 

the  mooa'g  dark  limb  during  tho  total  and  annular  eclipses  of  the  sun, 

light  be  also  occaaionally  seen  duiing  partial  eclipses   of  cousidertbl<; 

rmagnitude.     The  following  are  a  few  instances  in  which  phenomena  of 

this  nature  appear  to  have  been  visible. 

It  has  been  already  mentioned  that  an  eclip-sa  of  the  sun  happened  in 

the  year  1005.  whicli  wa^  total  at  Naples,     Kepler  states  that  at  Antwerp. 

where  the  upper  limb  of  the  sun  projected  about  a  digit  beyond  the 

moon's  limb,  tlie  circuraforence  of  the  lower  limb  of  the  moon  was  rtn- 

Idered  visible  by  nwdns  of  a  ruddy  /ight  bordering  it  *\ 

On  the  iiand  of  June,  11*66,  there  occurred  a  ^mrtial  eclipse  of  the  smi 
which  was  vifiible  at  London.  In  an  account  of  the  phenometioii  aa  ob&ervefl 
by  Hooke  and  several  other  individuals,  it  is  stated  that  "  Kbout  the  middtf 
between  the  perpendicular  and  westward  horizontal  mdius  of  the  sua. 
viewing  it  through  Bayle's  GO-fcet  telescope,  there  teas  sfm  «  littlr  of  the 
limb  of  the  moon  idthout  the  disk  of  the  sun,  which  seemed  to  some  o( 


*  Mem,  Ast,  Sue,  vol.  x.,  p,  37. 
+  Silliman's  Jounial,  vol.  xxKviii,  p.  166,  $  Ibid.,  mA.  %z.\ti\\,,  p,  1^1 

§  Thi»  BtHtcmrnt  is  coiitaineti  in  B  lettw  to  Prof.   Powell  {Brit»  Am.   Rtp..  IB48; 
TtaiUiaeUdHti  nf  tfie  Sectiuita,  p.  4). 
II  Monthly  f-roe.  Ast  Soc,  vol.  viii.,  p.  27.  f  Dt  Stttta  Nom,  p.  116. 


some  shining  atmotpliere  about  the 

Th©  eclipse  of  September  34,  1609,  which  ivaa  total  in  some  parts  of 
the  Dorth  of  £uroi;ie  was  vei-y  con^iiiemble  at  L^'tpsic,  where  1 1  -^0  digits 
of  ihe  eolar  diameter  was  immersed.  In  an  Rccouut  of  (he  eclipse,  aa  it 
im^eAfed  at  that  city,  it  is  asserted  that  i^'hen  the  cusps  of  the  moon  vFere 
ummt  parallel  to  the  horizon,  the  extremity  of  the  moou  hooking  down^ 
Wgrds  tras  tomevrhat  enlitjhtetmd.  and  of  a  kind  of  sa^rmi  colour  \, 

The  solar  ecliftse  of  July  14,  1748,  al though  seen  annular  in  various 
]uirts  of  ScoUaud,  failed  in  a  small  degree  from  being  so  at  Aberdour 
CasiJe,  where  it  was  observed  by  L*trd  Mortoun  the  proprietor,  Lemonnier 
iho  French  a&tro]ioiQer»  and  Short  the  famous  optician.  In  his  account 
of  the  eclipse,  Shqrt  states  thjut  when  the  interval  between  the  moon's 
cusps  did  not  exceed  one^seventh  of  the  moons  circumference,  a  brown 
%&l  was  plainly  perceived  both  by  Lord  Morton  and  himself,  to  extend 
from  BAch  cusp  about  one-third  of  the  whole  (iii^tance  between  them.  He 
ttddi  also,  that  he  peroeiyed  at  the  extremity  of  this  brown  light,  wliich 
caflae  from  the  western  cusp,  a  lartfcr  qtiantihj  of  lirfht  than  issual\. 

The  follow] rjg  is  an  account  of  the  appearance  presented  by  the  partial 
eclipse  of  February  12,  1831.  at  Burlington,  New  Jersey,  United  States, 
*here  it  waa  observed  by  Mr,  Gutnmere  : — "  At  the  time  of  greatest  ob- 
&cur&lioD,''  saya  that  indtviduul,  "  the  cusps  were  very  slmrp  and  well 
defined*  but  a  thread  of  li^ht  extended  from  each  aIon(f  the  circmnft^r^nce 
f>f  ilui  tun'a  diAk.  About  a  minute  after  a  spot  aj  light  was  observed  a 
few  degrees  from  the  aouth-weateiii  cusp,  extending  inwards  from  the 
lb  lead  which  proceeded  from  that  cu8p."§ 

Be^ssel  thus  describes  the  appeaiuuce  presented  during  the  solar  eclipse 
of  May  13,  1836,  which  failed  in  a  small  degree  to  be  annular  at 
£oBig*berg,  where  that  astronomer  observed  it ;  aUhough  in  reality  it 
was  of  the  annular  species  : —  *•  About  tweuty-tive  seconds  before  the 
Detroit  approach  of  the  centres  of  the  two  bodies,  T  perceived  near  the 
ectrfrmity  of  the  superior  ctisp  a  luminous  point,  which,  without  having 
the  hrightness  of  the  sgd,  was  very  distinctly  visible  with  the  powerful 
helioraeter.  As  the  cusps  were  then  npproaching  each  other,  I  hoped 
that  the  aunuKi:^  was  about  to  form,  but  this  did  not  happen.  With 
respect  to  the  point  which  I  have  just  alluded  to.  it  became  more  luminous 
Other  similar  points  appeared  which  soon  united  together,  and  rendered 
visible  all  the  portions  of  the  moon's  limb,  included  between  the  extremi- 
ties of  the  cusps."  II 

Captain  Smyth,  who  observed  the  same  eclipse  at  Bedford,  whei*e  it  was 
also  partial,  has  given  the  following  tleaciiption  of  a  similar  phenomenon  : — 
"A  little  Vjefore  tlie  gi-eateat  obscuration,  the  sun  having  then  an  altitude 
ttf  ul)out  40'',  the  soathemcusp  was  considerably  the  brightest,  and  I  then 
diatincilr  perceived  a  small  portion  of  tlic  lunar  limb  ouhide  tlje  solar 
orb.  As  tlie  moon  passed  over,  he^r  following  limb  tras  hrightem'd  ly  a 
Jlng  fine  of  litfht."^) 

The  eclipse  of  February  10,  1838,  although  aeeii  annular  in  several 
parta  of  Uie  United  States,  slightly  failed  to  appear  so  at  New  York.    An 


I 


PbiL  Traa*,,  1666,  p.  295.        f  Hid,.  1700,  p.  egi2.        J  Ibid.,  1748,  p.  586. 

}^»n5,  Aracr.  Phil.  Soc,  Ni.-w  Series,  vol.  iv.,  p.  128* 
'Me Hi,  Ai*.  Soc,  vol.  X,,  [).  32. 
f  Stnjri^'i  Cycle  of  Celutiol  Objects,  vo).  i.*  p.  142. 
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InteUigisiit  o'bserver  of  tlie  eclipse  at  tliat  eitj  alludes — in  a  nole  conuia- 
ing  Buffgestiona  relative  to  the  total  eclipso  of  18-l'3^to  a  phenomenon 
which  he  sajs  may  indeed  have  been  ohierved  at  olhtr  times  nnd  reeoritd, 

cdthouffh  he  has  no  knotckdge  that  it  has  been.  On  that  occasion  he  noticed 
several  minutes  before  the  time  of  the  nearest  completion  of  the  ring,  ilie 
ftne  cusps  of  the  suu's  unobscured  crescent  prolonged  hy  a  hnir  breadth 
line  of  brigbtncss,  totally  divene  m  colour  and  intensity  from  the  guni  dtik. 
As  the  cuspy  approacheJ,  the  line  or  thread  of  light  in  advance  ot  etch 
shot  round  the  moon's  eJge,  between  tliem  rapidly,  till,  at  a  certain  time. 
the  threads  from  the  twoj  met  and  joiued  in  one — thus  uuiiiog  the 
cusps  *. 

The  foregoiag  obserTationa  relative  to  the  appearaucea  uoticed  during 
amiular  imd  partifli  eclipses  of  the  sun,  present  a  satisfactory  agreement 
with  those  made  diiriiig  total  eclipaes,  in  so  far  as  they  indicate  tlie 
existence  of  a  solar  atinospbere.  With  respect  to  the  luminous  arc  seen 
around  the  moon's  dark  limb,  it  would  appetir  in  some  cases  to  indtcUe 
the  ruddy  streak  of  light  which  is  usually  perceived  during  total  eclip9«i 
of  the  Sim  a  ft;w  seconds  before  and  after  the  complete  obscurution  ;  bol 
in  general  the  phenomenon  in  all  prohabiUty  represents  a  fr^mentof 
the  luminous  ring,  rendered  visible  in  consequence  of  the  atmospheric 
light  diffused  arouud  it  being  enfeebled  by  the  partial  obscuration  of  the 
eolar  disk.  The  specks  or  points  of  light  observed  on  so  many  occmloDs 
are  manifestly  atialogous  to  those  seen  at  Toulon  and  elsewhere  during  the 
total  eclipse  of  July  8,  1842.  The  brush  of  light  obserred  during  the 
annular  eclipse  of  1838  is  very  instructive,  It«  direct  emaxiation  oidttar^t 
from  &  faint  speck  of  light  situate  in  the  luminous  arc.  shows  thHt  it  wiis 
not  the  consequence  of  any  irregular  scintillation,  but  rather  that  it  wii3 
occasioned  by  some  extraneous  cause  acting  constantly  in  a  determinate 
direction,  and  tolally  independent  of  ibe  biightaess  of  the  source  from 
which  it  seemed  to  issue.  In  fact,  it  can  only  be  explained  by  sopposing 
the  luminous  speck  to  be  a  collection  of  nebulous  matter,  through  which 
the  rays  of  the  sun  had  partially  penetrated,  so  as  to  illuminate  tbe  par- 
ticles of  the  sohir  atmosphere  situated  beyond  in  the  line  of  their 
transmission. 

According  to  tbe  usual  tliooiy  of  the  physical  constitution  of  the  sud. 
that  body  consists  of  an  opaque  nucleus,  surrounded  by  an  attoosphen?  in 
which  are  suspended  at  difTereut  elevations  two  enveloping  substances  of 
dissimilar  physical  properties,  the  lower  envelope  being  impcrfecilf 
luminous,  but  capable  in  a  high  degree  of  rellectiog  lights  while,  on  th« 
other  hand,  the  upper  envelope  forms  a  resplendent  canopy  of  cloti 
which  are  luminous  hi  themselves,  and  coustJtute  tlie  source  of  the 
diffused  in  every  direction  by  the  sun.  The  observations  of  solar  eclii 
would  seem  to  indicate,  that  above  the  luminiferous  envelope  there  exists 
a  sti'atum  of  uebuloua  matter,  which  is  visible  only  by  means  of  refldcud 
light  Various  interesting  questions  present  themselves  for  solution  ia 
connexion  with  the  admitted  e^tistence  of  such  a  stratum.  In  the  fiwt 
place,  does  this  third  envelope  exercise  an  iufluence  in  the  production  of 
any  of  the  other  phenomena  which  have  been  disclosed  by  observations  on 
the  physical  constitution  of  the  sun?  M,  Arago  lias  very  ingeniously 
suggested  that  the  solar  spots  which  esJiihit  the  aspect  of  a  pcntuitbra 
mthout  a  nucleus,  may  arise  from  the  superposiliou  of  masseg  of  tliis 
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oebolocis  matter  above  the  liiminiferoua  envelope.  Secondly,  the  ques- 
tkm  uises,  does  any  relation  subsist  between  thta  non-luminous  substance, 
which  floats  in  the  tipper  re^ons  of  the  solar  atmosphere,  and  eilber  of 
ihe  other  two  envelopes?  Sir  John  Henschel,  in  his  iiioenioug  tbeory  of 
ibe  pliysicai  origin  of  the  solar  spots,  supposes  a  perpetual  circulation  to 
be  kept  up  in  the  solar  atmosphere,  analogoua  to  that  which  in  the  case 
of  the  terrestrial  atmosphere  produces  the  phenomenon  of  the  tmde  winds. 
N'ov.  isit  not  reasonable  enough  to  supposo  that  such  a  circulation  nill  have 
the  effect  of  continual  I7  agitating  the  non-luminouH  matter  constituting  the 
fliTclope  nearest  the  solid  nucleus  of  the  sun,  and  throwing  up  masses  of 
itiboTe  the  luminiferous  surface  ?  This  view  of  the  sulrject,  while  it  carries 
with  it  considerable  probability,  obviates  the  necessity  of  introducing  into 
tiie  theory  of  the  phyBtcal  constitution  of  the  sun,  the  idea  of  a  third 
mrelope  independent  of  the  two  others,  Futnro  observiition,  prosecuted 
iBMe  especially  with  reference  to  tlie  position  of  the  solar  spots  during 
Ae  oocnirence  of  eclif^es  of  the  sun,  can  alone  be  expected  to  throw  any 
lij^C  apon  this  interesting  question. 

Although  the  physical  connexion  of  the  solar  apot3  with  the  nebulous 
Qiatter  which  appears  to  exist  above  the  luminous  surface  of  the  sun,  is  a 
point  which  remains  to  be  established  defitiitively  by  future  enquiry,  there 
■  wnne  reason  to  suppose  from  the  observations  of  Sig.  Santtni  on  the 
of  the  total  eclipse  of  July  8,  184iJ,  that  such  a  conuex.ion  really 


In  hia  account  of  the  eclipse,  that  excellent  astronomer  states,  that  a 
tn  days  previous  to  its  occurrence,  he  observed  a  very  extensive  chain  of 
iMtB  on  the  sun,  five  of  which  appeared  near  the  western  margin  of  his 
hak.  H«  adds  that,  although  ne  unfortunately  omitted  to  determine 
their  precise  position,  he  felt  assured  that  at  the  time  of  the  eclipse,  they 
bmH  not  have  been  very  <&r  removed  from  the  singular  coluimis  of  smoke 
ihlch  appeared  during  the  total  obscuration  *. 

The  aspect  presented  by  the  moon  during  eclipses  of  the  sun,  has  led 
b  •nind  eorious  speculations.  Kepler  has  stated  in  one  of  his  works,  that 
faring  the  obscuration  consequent  upon  a  total  e^clipse  of  the  sun,  the 
Imm's  earface  is  occasionally  distinguishable  by  a  ruddy  light  j^  A  similar 
i^ipefrrance  ha.s  been  noticed  in  modem  times  daring  the  occurrence  of 
tonolar  eclipses.  Thus  Mr.  Baily,  in  his  account  of  the  annular  eclipse 
of  J  836,  states,  that  *'  prcviou.-i  tn  the  formation  of  the  ring,  the  face  of  the 
tD€on  was  perfectly  black ;  but  on  looking  at  it  through  the  telescope, 
during  the  annulus,  the  circumference  was  tinged  with  a,  reddish  purple 
eof&ur,  which  extended  over  the  whole  disk,  but  increased  in  density  of 
colour  according  to  the  proximity  to  tho  centre,  so  as  to  be  in  that  part 
tLe&rlj  black."  [ 

*  Giorn.  dcU'  ht  del  Lomb.,  tom.  iv.,  p.  373.     U  hju  been  already  mentioned  Ihat  tlie 
hmbKHU  pratuWninres  <«emt!ti  to  5ig.  ^anlirti  ro  reitcmble  irjregultir  cotumns  of  STrtoke, 
"  "   '  ag  upon  broad  hsxt.    "  Come  Uresulari  ealgnrte  dt  Jvoco  oitdeg^iante  a  Isrgft 


t  Epttonie  AitroDomiv,  p.  B95. 

t  Mem.  Aat.  Soc.,val.  x.,  p.  17.  Mr.  Bkilj  itattt  that  at  the  same  time  the  j^J'ofrtiAt'' 
form  of  the  moon  WBJt  very  pcrvepttble ;  heAiiditbtt  Mr.  Vcitch  (Llie  getilleman  at  whose 
■aidcikOC  he  obaerved  the  eclipiic)  also  naticed  llie  phGnaincnon,  and  that  both  ngrccd  in 
ifa»  iaipranton  that  (he  moon  had  the  tuspct  of  a  ijtobe  of  purple  velvet.  It  ia  a  remfirk- 
iMe  fcc^lbvt  in  appearance  cxacliy  resemUling  that  d«»crit«d  hy  Mr.  Baily  was  ititiiipsfied 
^RnsAeiDto/ eclipse  of  1733;  thuit  M.  Tisscl  stat«»,  that  at  Skepshat  in  Sweden,  "the 
^MMnflvfree  WW  brighter  at  the  luargin  iiea(  the  luminoitB  ring ;  tu^f<ird8  tlic  middle  it 
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Kepler  a&cribea  the  viaibility  of  the  moon's  surface  daring  her  eonjraie- 
tion  with  the  sun,  to  the  light  traDamitted  by  reQexion  from  the  earth,  or 
the  eartb-skini!,  m  it  would  be  termed  by  the  iiihabitaiits  of  the  moon*. 
This  is  doubtless  the  true  explanation  of  the  phenomenon. 

The  illustrious  philosopher,  just  cited,  while  BJluding  to  the  yisibilitj  of 
the  moon  by  a,  faint  light  during  conj unction,  doea  not  affirm  that  the 
irreffularities  of  her  svrface  have  been  discerned  ou  any  such  ooc&uon, 
The  first  person  who  tc^es  mention  of  this  ftict  is  Bigerus  V^aenitis  tlie 
Swedish,  astrouomer,  to  whoso  interesting  obserrationB  of  the  total  edipie 
of  1733,  allusion  has  already  been  made.  In  the  account  of  that  echpM 
which  he  transmitted  to  the  Koyal  Society,  he  assertii  that  with  a  teleaoom 
of  iil  feet  focal  length,  be  perceived  Mwroi  &J  thi  princip&i  tpot*  cm  Wt 
TOOon  during  the  total  obscuttttioti f.  Ferrer  also  states,  that  during  the 
total  eclipse  of  1800,  the  irregularities  of  the  moon's  aiirfscfl  were  phunl;' 
discernible  J. 

The  foregoing  are  the  only  two  instances  in  which  it  appears  that  ihs 
irregularities  of  the  moon's  surface  have  beeti  perceived  during  a  centnl 
eclipse  of  the  auti,  whether  toUil  or  anuular.  M.  Arogo,  and  several  other 
observers,  carefully  sought  to  eHect  the  same  object  during  the  total 
eclipse  of  184;^,  but  all  their  efTorts  proved  fruitless.  The  fact  of  the 
lineaments  of  tho  lunar  disk  being  discernible  in  some  cases  and  notia 
others,  is  obviously  attributable  to  no  other  cause  than  the  variable  eoit' 
dition  of  the  atmosphere!. 

A  singular  appearance  was  noticed  at  Washington,  U.S.,  during  tie 
progress  of  the  partial  eclipse  of  Februaiy  lU,  JM3i.  Mr.  F,  R-  Hwslcr 
states,  in  an  account  of  that  eclipse,  that  "  the  most  remarkable  pbe- 
uomenon  was  the  distinctly  painted  inequalities  of  the  moon,  by  th« 
reflected  light  and  shade  upon  its  disk,  presenting  apparently  elevatioitis 
brilliantly  illuminated,  and  intervals  shaded  iu  an  ash^coloured  shad«. 
more  or  less  dark  and  distinct  as  they  were  nearer  to  or  farther  from  tli« 
sun,  the  edge  of  the  moon  towai'ds  the  sun  being  always  fully  dark."  He 
asserts  moreover  that  the  appearance,  beginning  when  about  one -eighth  of 
the  diameter  of  the  Bun  was  immersed,  extended  itself,  with  more  or  la* 
variation,  to  about  one-tbird  of  the  moon's  diameter,  'wheu  it  grad 
faded  iuto  indiatinctness,  niid  the  whole  of  the  moon's  surface  ajp 
equally  dark ;  the  same  phenomenon  was  witnessed  in  an  inverted 
towards  the  end  of  the  eclipse  ||. 

The  singular  phenomenon  alluded  to  appears  to  be  totally  luexplicabls 


>r  ten 
idu^hr 


beeamt  bi/Ki ;  ani  hi  the  centre  ttemed  to  proftt&ero'e."  Ada  Lit.  tt  Sdtn,  Sma^  tsff* 
iv.,  p.  59,  Sig.  PioU  alEO  mentians  that  on  the  occiutoii  of  tbe  total  eclipie  of  164% « 
th«j  moon  advanced  upon  the  solar  disk i  (the  seemed  to  alt  ihe  spectators  who  wen  porMfS 
with  him  fo  jtrotubrratc  at  thi  centrt,  and  to  be  compressed  tit  the  sides.  He  mAdt  thii 
a ffimi lar  appearance  was  noticed  at  B(.4Juno.   ( Giom,  deS'  ht.  del  Lamb, ,  ioni,  v>.,  p.  903.1 

•  Epitome  Astronom)»,  p,  8tJ3.  f  Phil.  TrwiB.,  1738.  p.  U& 

J  Tr«DH.  Amer.  PhiJ.  Soc.,  vol.  vi„  p.  267. 

$  The  following  remark  by  Si(f.  MAsritii  rektivfi  to  the  ^pcannce  prevented  hj^ 
moon  during  the  total  ccUpe  of  1842,  hos  sumc  rcsemtilance  1o  the  deaeription  contaM' 
in  the  text  "  The  lif^ht  of  the  noon,  tcrnicd  imA.v,  seemed  to  be  brighter  loirardt  Ao 
diilc  of  the  tun  both  before  the  imraemon  and  aOerthe  emenJon."  {Atammn,  194&P' 
375,  citfd  from  the  Gazftta  Priuiteugiain  of  Miloti.) 

1!  Trans.  Amer.  Phil,  Soc.,  New  Series,  vol.  iv.,  p.  13h  The  only  eatplmitwa 
of  litis  phenomenon  that  apfwara  to  poeseu  any  dt'^^rce  of  |i|jiu*ibility  in  th«  folic** 
ing.  Ii  haa  bctsn  found,  that  during  total  eelipEei  of  the  *un,  the  inefuUritie*  at  Ibi 
lunmr  diik  are  somedmeB  dtscornible  when  the  nhole  of  the  eolar  dick  bi«  been  iiuiiwiw^ 
Let  US  fuppwK,  that  during  the  cciipae  of  1B31  the  covdilioQ  of  lbs  Ktnu^plien  m 


)tXvaj  known  pbysicol  priuciptes.  Tbat  it  is  connected  in  fiome  wny  wiUi 
tbe  magnituda  and  relative  position  of  the  segment  of  ihe  fiuu  which  has 
bot  undergune  immersion,  would  Beem  obvtuuslj  to  follow  from  its  mode 
of  Tftriation ;  iiut  it  is  diHicult  to  assign  any  cause  whj  the  mooti  s  surface 
should  appe&r  more  distinct  on  the  side  on  which  the  sun  is  visible,  than 
OB  the  opposite  side. 

A  phenomenon  of  n  somewhat  similar  nature,  but  one  admitting  of  a 
laaafactjoiy  explanation,  was  noticed  bj  M.  Amgo  during  the  total  ex^iipse 
of  1843.  Forty  minutes  after  the  commcDcemeot  of  the  eclipse,  while  a 
oiDsiderable  portion  of  the  euu  waB  still  visible,  he  ohsei'ved  the  dark  cou- 
tmr  of  the  moon  projected  upon  th«  briffkt  sky;  it  corresponded  exactly 
wiXh  the  portion  of  the  limb  thiit  appeared  upon  \^e  sun ;  he  remarked 
ilso,  that  it  was  brighter  at  the  ports  where  it  met  the  Bolar  disk*. 
He  ascribes  the  phenom.enon  to  the  projection  of  the  moon  upon  the  solar 
atmosphere,  the  brightness  of  which,  by  on  ejfect  of  contrast,  reodered 
the  outline  of  the  moon'a  dark  limb  discernible.  Thia  eKplanation  ac- 
Qounted  for  the  fact  of  the  limb  being  brij^bter  towards  the  sun,  duce  it 
appeared  from  all  the  observations  of  total  eclipses,  that  the  luminous 
fing  exhibited  the  greatest  concentration  of  light  at  those  parts  where 
it  bordered  upon  the  solar  disk. 

The  contour  of  the  durk  limb  of  the  moon  was  also  visible  to  M.  Eugene 
BottVArd  at  Digne,  and  to  M.  Flagnerges  at  Toulon;  but  it  is  remarkable 
that  no  other  observer  of  tbe  total  eclipse  of  184'^  makes  mention  of  a 
similar  appearance. 

Halley  remarked^  that  during  the  total  eclipse  of  1716,  he  observed  per- 
petijud  flashes,  or  corufjcations  of  light,  which  seemed  for  a  monieut  to  dart 
out  froip  behind  the  moon,  now  here  and  now  there,  on  all  sides,  but 
more  eapecially  on  the  western  side  a  little  before  the  emersion  K  Louville 
iUudes  to  a  siniLlar  phenomenon  in  bis  account  of  the  same  eclipse ;  be 
ttfttes,  that  during  the  time  of  tbe  total  obif^cu ration,  it  eeemed  »^  if  there 
hod  been  a  sm:oession  of  trains  of  gunpowder  constantly  exploding  on  the 

u  tvTDurable  for  obserralion,  that  if  the  whole  nf  the  sokr  di»k  had  uttdergnnc  Imtner- 
tion,  the  dark  and  bright  part*  of  the  mnon'?  surface  would  hare  been  as  pMnly  du- 
litifuvhablti  as  Fenw  itatea  ibev  were  on  the  occation  or  the  total  eclipK  of  1806. 
Aeoordidg  ta  !^L  Arago,  ifae  Light  by  ifhich  tbe  bright  parU  are  viiible  in  lucfa  a  caa«, 
mist  t%oeeA  tbe  light  of  tbe  more  obscure  partar  by  at  least  a  sixtietli  part.  Now, 
at  iIn'  coninenccinent  of  itie  eclipsie,  tbe  moDn^a  fturfacfi  is  iLlumiiialed  uneqitalhf  by  the 
bumiift  e^iidrfe,  or  agky  li^htj  and  equalfy  by  the  Btmospheric  light  dill  used!  b}'  tbe  J'nlt 
immi  and  the  fotmer  of  iht^w  lightB  (or  ratber  the  exceat  of  the  ligbt  etniued  hy  the 
W%bt  pvti  over  the  ii|ibt  of  tbe  more  obscure  parts)  bears  ao  iniall  a  proportifln  to  tlie 
ktter,  that  tbe  whole  of  the  moon's  surface  is  Blmti<jt  tguatlff  illuminated,  and  tbu  varioua 
bii«g[ulan(ies  bjr  nbicb  it  is  iheniRed  will  be  conipleteliy  efiaoed.  A«  the  eclipae,  itov- 
ever,  iDcreaiei  in  magnitude,  the  light  diffiued  by  the  viitble  segment  of  ibe  i^olar  disk 
dSmiiaalbt*  at  an  tqiml  rate,  and  in  consequfnce,  (he  ligtiit  of  the  Fumihre  cmdrh  con- 
bually  faean  an  mcreutiMg  ratio  to  tbe  atmospheric  light.  At  length,  the  latter  ia  kd 
mucb  enfeebled,  that  ihe  exceu  of  the  light  of  tnr  bright  parts  of  the  lunar  disk  over  tho 
Sght  of  the  more  obicure  parti,  ariaing  from  the  ttimuTe  cendn^e,  amounts  to  the  ttxtieih 
part  oltbeatnicnphcriclij^t,  whereupon,  according  to  the  ahove  remark,  theinegularilie* 
of  tfe  lunar  disk  will  become  distinauifihabie.  The  American  ob^rver  Ktafet,  that  the 
OWOB^  turftw  becsiiie  distinctly  viiible  aa  soon  fli  one-eighth  of  tbe  solar  diHtneter  waa 
JnWB^,  It  it  difficult  to  Hinccive  that  at  bo  early  a  eiage  of  the  eclipse  the  atmoBpheric 
lUit would  be  (O  much  unfeebted,  that  the  tumiere  cendree  would  fnrq]  a  aeiuible  fnuv 
fiM  of  tl.  AdmiUiog,  however,  that  the  phenomenon  v/as  due  to  fuch  a  caute,  it 
fbtloai*  that  the  lanar  surfliee  will  apjtear  more  illuminated  tun'urdB  the  sun,  on  account 
of  tbe  fCTtidet  intemrtty  of  tbe  atmospheric  light,  except  »t  the  part  bordering  mi  the  solar 
tegiQAnl«  wf\tn  it  ■teitt  nattiraity  appear  dark  from,  Ike  effect  of  contrcaf- 
*  AiinUAire,  l*i6.  p.  373.  f  Phil.  Tranft.,'l7l5,  p.  '2iffl, 
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moon's  surface.      He  remarks  that  the  fulminattons  had  a  Berpentioe 
appearance,  causing  them  to  resemble  flashes  of  lightning*, 

Weidler,  in  an  account  of  the  partial  eclipse  of  August  4,  1759,  tu 
observed  by  hinj  at  Wurtemberg,  iUHkea  mention  of  a  similar  pb en ocienoo. 
He  states  that  a  friend  of  his.  well  skilled  iti  astronomical  observations, 
having  viewed  the  moon  towards  the  commencement  of  the  eclipse  with 
a  telescope  9  feet  lung,  noticed  bright  lights  like  flashes  of  lightning  in- 
terspersed here  and  tliere  upon  her  dark  surface ;  and  that  after  the  upM 
of  one  hour  and  nineteen  minutes  ho  again  saw  the  same  appearance  f. 

Attempts  were  made  during  the  total  eclipse  of  184*2  to  verifj  the  fore- 
going obsenratioQB,  but  it  was  011I7  at  Venice  that  anj  analogous  eoros- 
cations  of  light  wer% discerned.  Sig.  Zantedeschi,  m'ho  observed  the 
eclipse  at  that  citvt  states,  that  from  time  to  time  there  were  visible  upon 
the  moon's  surface  faint  illuminations  of  an  intermittent  cbamctert  !•• 
Bembling  flashes  of  phosphoric  light,  intermiugled  with  block  slre^ 
A  similar  appearance  was  noticed  by  Jf.  Wullerstorf  ^ 

The  phenomena  nbove  referred  to  have  been  explained  in  varioas  miji 
by  different  enquirers.  Louville  attributed  them  to  the  prevaleuee  of 
electric  storms  in  the  lunar  atmosphere ;  other  persona  suppose  them  to 
have  been  produced  by  volc^Bic  energy.  M,  Arago  is  01  opinion  thit 
they  may  have  arijteu  from  the  occasional  pas^uige  of  aerolite^s  acrost  tlie 
field  of  view  of  the  telescope.  In  support  of  this  view  of  tbeir  origin,  Iw 
cites  one  or  two  instances  in  which,  during  the  total  eclipao  of  1843,  th«» 
were  seen  meteoric  lights  traversing  the  regions  of  the  heavens  in  which 
the  ami  and  moon  were  then  situate.  From  the  circumstance  of  ibo 
phenomena  having  been  visible  only  on  two  or  three  occasioixa,  it  is  clearijr 
impossible  to  arrive  at  any  trustworthy  conclusions  on  the  subject. 

At  various  places  in  France,  a  singular  undulation  of  the  solar  light  wts 
remarked  on  the  occasion  of  the  total  eclipse  of  184*2.  In  a  letter  to  H. 
Arago,  dated  July  0,  184a,  M.  Fauvelle  gives  the  following  occoont  of  |]it 
phenomenon  as  witnessed  by  him  at  Perpignan  : — "  At  the  moment 
the  eclipse  was  about  to  become  total,  I  perceived  the  last  rays  of  thei 
undtilati}  u-ith  gri'Ot  itttensitt^  and  rapidity  upon  a  white  wa]l  of  one  of  j 
military  eBtabhshments  of  the  rampart  of  St.  Dominique.  The 
might  be  compared  with  that  which  is  observed  when  die  light  of  Uie 
falls  upon  a  wall  or  a  ceiling  after  having  been  reflected  from  th«  aur£iei 
of  A  sheet  of  water  in  a  state  of  agitatioii.  The  same  phenomenoaj 
appeared  at  the  instant  of  the  emersion  of  the  sun ;  the  undiilattous  ^ 
at  first  were  very  intense  gradually  died  away,  and  disappeared  altc 
at  the  end  of  five  or  six  seconds."! 

H>  Arago  remarks  also  that  during  the  few  secot:ids  which  could  be 
devoted  by  his  colleagues  and  himself  to  the  ob^rvation  of  such  a  pb«oo> 
meuon,  the  fai^e  of  the  great  tower  of  the  citadel  of  Perpignan  appoand 
to  be  iiluminated  by  a  nnffularlij-fiitctuatiiig  ligJit. 

M.  LentheriLT  thus  describes  the  phenomenon  as;  observed  by  him  it 
Montpellier  : — "  A  Utile  before  the  commencement  of  the  total  ob«caai- 
liou,  there  were  seen  on  the  ground  and  on  walla  mid^d^ing  ifcarfrrr 
composed  of  a  succession  of  arcs  of  three  or  four  decimetres  iu  length, 
but  of  much  lean*  breadth,  which  seemed  to  turn  upon  themarivft.  Th*< 
effect  was  analogous  to  that  produced  by  Utose  moveable  &liadowi  whicb 


*  M*m.  AcaJ.  dw  S'criciicth!,  1713,  p.  96. 
t  Annuairc,  1846,  p.  364. 
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are  seen  at  the  bottom  of  a  shallow  basin  filled  with  clear  wat^r,  when  the 
eorface,  slightly  agitated,  is  iUmninated  by  the  rajs  of  the  sun." 

A  phenomenon  gimikr  to  that  mentioned  in  the  foregoing  accounts  was 
also  observed  at  Najrboune,  AJai^,  and  several  other  places  in  France. 
The  follotring  description  of  the  appearance,  as  witnessed  by  M.  Savoumin 
At  Scyne,  ia  somewhat  diilerent  from  the  otlier  statements  :- — 

"  There  were  seeu  here  slmdows  and  luminoiis  patches  mnmug  after 
each  other,  the  eS'ect  of  which  was  similar  to  that  produced  by  the  passage 
of  «  SQCcossiou  of  smalt  cloyds  over  the  sun.  These  patches  were  not  all 
of  the  $ame  colour.  Some  of  them  vere  tfd;  others  vere  yt-Uoiv,  blue,  or 
mhile.  Tbe  children  amosed  themselves  in  running  afier  them,  and 
tijm^  to  put  their  hands  upon  them.  This  extraordinary  phenomenon 
was  remarked  ouly  a  few  instaats  before  the  complete  dissppeamnce  of 
the  fe-un/'*- 

It  is  remarkable  that  uo  observers  of  the  total  eclipse  of  1843,  out  of 
France,  make  any  allusion  to  the  singular  appearances  noticed  in  that 
coootry,  before  and  after  the  total  obscuration.  Almost  equally  silent 
upon  this  point  are  the  observers  of  former  eclipses  of  the  sun.  The 
following  ohservatious  of  the  total  eclipse  of  1733,  appear  to  have  refer- 
ence to  an  undulatory  movement  similar  to  that  above  mentioned. 

Rjdhenius,  pastor  of  Forahero,  states  that  "  when  the  sun  was  about  to 
lose  bis  light,  and  also  when  be  was  about  to  recover  it,  he  emitted  rajs 
that  undidcued  like  the  aurora  borealiSf  and  were  of  Ajiery  red  colour,^' f 

AgaiD  the  fmstor  of  Flo,  in  his  account  of  tlie  same  eclipiie«afi[irms  that, 
"  towards  the  total  obscuration  stars  were  visible,  and  also  a  angular  Jluctu- 
atwn,  in  th^  air  J"  I 

It  might  be  supposed,  although  it  is  by  no  means  probable,  that  the 
first  cited  of  these  two  obaervations  has  reference  to  the  appearance  of  the 
Biiii  when  viewed  directly,  a  little  before  and  after  the  total  obscuration, 
and  not  to  the  effect  which  might  be  produced  upon  a  surface  illuminated 
bjr  the  solar  rays.  With  respect  to  the  second  observation,  it  is  still  leas 
improbable  that  it  can  be  any  other  than  a  phenomenon  of  the  same 
nature  as  tbat  witnessed  during  the  total  eclipse  of  1 84)i ;  since  it  ia 
difficult  to  believe  that  any  agitation  in  tbe  air  could  be  recognised, 
except  by  viewing  its  undulations  as  projected  upon  some  wall  or  building. 
The  observation  of  the  pastor  of  Forshem  would  also  seem  to  have  some 
analogy  to  tbat  of  M.  Savoumin,  relative  to  the  moveable  shadows  of 
di^erettt  coloun  which  appeared  at  Seyne  during  the  total  eclipse  of  1843. 
As.  however,  the  curious  phenomenon  witnessed  in  tbe  latter  instance 
does  not  seem  to  have  been  noticed,  except  at  the  place  just  cited,  it 
would  be  desirable  to  obtain  a.  more  satisfactory  verification  of  it  by 
reference  to  some  previous  eclipse.  The  following  statement  made  by 
Delisle^  while  citing  some  obsjervationa  which  appeared  to  him  to  support 
his  theory  of  the  luminous  ring  seen  around  the  moon  on  tbe  occasion  of 
a  total  eclipse  of  the  sun,  manifestly  refers  to  a  phenomenon  of  a  similar 
I  natare : — 
I  *'  The  second  observation  is  one  which  a  curiouB  individual  acquaints 

L  •  Anniuure,  1846,  p.393. 

^^L    t  Acta  Lit.  el  Scicn.  Suec.,  torn,  jr.,  p.  61.     The  follot^itig  sre  the  csprem  wordj  of 

^^Hibe  oriiriDat: "  Sol  Iliccit  p4:tiitu)!  amissun»  candemqui:;  j-(>cup€nilur>m,  radios  ejaculabat 

^^Eiuclusbundoa,  ittitxr  aurora  boreatis,  t!t  rui'ilc*," 

^K     t  Acta  Liw  et  Sden.  Suec.,  torn,  iv.,  p.  61.     The  worda  of  ihe  observer  are  tboe!— 

^^R  "  Sub  quA  (obscuratione)  itelle  8[)parebant  et  singularia  quedom  in  xste  fluctuaUQ." 
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tOB  with  having  made,  by  mere  nccident  *.  Having  difected  his  atten- 
tion to  (I  lartje  white  v>aU,  at  the  cnoment  of  the  total  iatmersion  of  «q 
eclipse  of  the  sun,  he  saw  the  moon  b  shadow  pass  upon  the  waU,  ttnijtcd 
with  different  colours.'' \ 

The  three  obsen'ations  just  cited  are  the  only  ones  that  have  beea 
found  in  the  records  of  solar  eclipses,  confirmatory  of  the  phfr 
nomenon  remarked  exclusively  in  France,  during  the  total  eclipse  of 
1849,  The  question  naturally  arises,  to  what  physical  cause  are  the 
singular  undulations  noticed  on  such  occasions  to  be  ajcribed'*  It  is 
reiisonable  enough  to  suppose  that,  towards  the  time  of  totiil  obscuration, 
the  equilibrium  of  the  tttmosphere  is  very  much  disturbed  by  tbe  change 
of  temperature  con6e({uent  upon  the  rapid  diminution  of  the  mlble 
segment  of  the  solar  disk.  Uerce  will  arise  a  sudden  intermingling  of 
BtriUa  of  air  of  different  densities,  ajid  cousequenlly  of  different  wfinciire 
powere,  which  may  obviously  tend  to  produce  a  succession  of  undulatorj 
movements  similar  lo  those  notually  perceived.  It  is  not  improbable  al» 
that  the  oontlnuous  obstruction  of  the  solar  light  by  innumerablo  fora'tga 
Bubistanccs  floating  in  tJie  atmosphere,  and  subject  to  incessant  displaiM- 
menls  from  the  agitation  of  the  air,  may  contribute  to  wards  producing 
the  observed  eflect.  The  extreme  emallness  of  the  solar  crescent  cannot 
fail  to  render  the  interposition  of  any  such  particles  of  matter,  more 
readily  perceptible  than  it  would  otherwise  be.  It  is  to  be  remarked  nh^ 
Umt  the  effects  in  all  such  cases  will  be  magnified  by  diffraction.  Thtt 
the  phenomenon  is  to  a  certain  extent  dependeut  on  the  operation  of  tbb 
principle,  would  seem  to  be  indicated  by  the  variety  of  colour  which 
distinguishes  the  moveable  shadowti.  Moreover,  if  light  be  propagated  hj 
meana  of  undulations  in  a  highly-elastic  medium,  it  is  not  improbable 
that,  as  the  origin  of  light  rapidly  dimimshes  in  tnagtutudo,  causes  of 
interference  may  arise  leading  to  a  conflict  of  uudulatory  movements. 
whence  may  ultimately  reijulc  phenomena  analogous  to  those  alluded  to 
in  the  foregoing  observations. 

A  phenomenon  which  seems  to  bo  of  a  totally  different  nuture  from  anj 
of  tliose  hitherto  alluded  to,  baa  been  occasionally  observed  during  solar 
oclipses,  especially  such  as  ai-e  of  the  annular  species.  In  the  latter  mae. 
previous  to  the  formation  of  the  animlus,  the  western  limb  of  the  moon 
exhibits  an  indented  appearance,  resembling  a  suceemon  of  beadt. 
Almost  immediately  the  beads  become  elongated,  assuming  the  aspetitof 
long,  bhicft,  paraUel  streaks,  uniting  the  limbs  of  the  sun  and  oiooit>  In 
the  next  iuatant  these  lines  give  way,  as  if  they  had  been  snap' 
asunder  by  the  eastward  motion  of  the  moon,  and  the  annttltis 
appears  completely  formed.  A  similar  phenomenon  ensues  in  ft  tt' 
order,  when  the  eastern  limb  of  the  moon  is  approaching  the  son  a 
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*  "  Pur  )v  plus  ^rand  haBord  du  monde." 

f  Memotrns  ptmr  gervir  d  tlKstoin  irf  av  Prvffrit  dt  tAllrmitme,  p.  2SS,  Ito..  ft 
Petereliourg,  J  7ii8.  >I.  Ara^o  states  that  having  warcKed,  papc  by  page,  the  VQlujsCfof 
ihe  various  academic  colkctioiis,  he  found  ojitu  one  obseniatitm  coiruborative  of  ihoU 
made  \a  Friuice  relative  to  tfie  undulations  whteh  occurred  on  the  occa»io»  of  the  fcottJ 
eclipse  of  164*2 ;  but  that  he  via  unable  to  die  it  in  detail,  in  consequence  of  th«  Icmsv 
tear  to  which  he  h:id  caniigned  the  meoiorandutd  of  it,  havittg  been  miAkiiL 
{Apnuiire,  1846,  p.  399.)  Il  a  not  probable  thai  ellher  rif  the  two  S«redifh  ohfcm- 
tionsdted  In  the  text  wu  rhat  which  feM  under  his  eye;  aince,  (f  he  had  met  with  the 
one.  the  other  cau!d  hordljf  have  eica|.)ed  him.  It  is  evidt^nt,  at  any  rale,  thai  the 
obaenralian  cEted  by  DelUle,  in  a  work  which  daet  not  form  part  of  amf 
coKeetion,  caonot  be  the  one  refemd  to  by  the  iltu^otu  phucwopher. 
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pr«Tiou8  to  the  dissolution  of  the  aimnlus.  At  first  several  dark  lines 
dftrt  forward  from  Uie  luoonft  limb,  and  unite  themselves  ta  that  of  the 
um ;  then  they  sudden Ij  eontract  so  as  to  GLSsume  the  appearance  of  beads, 
tnd  immediately  afterwards  the  annulus  is  dissolved.  On  the  oocasion  of 
the  annular  ec-Hpse  of  May  15,  1836,  this  phenomenon  was  especially 
obeerred  iu  Scotland  by  Mr.  Baily,  '^vho  baa  given  a  lively  description  of 
il  te  a  pflpet  on  the  eclipse  which  appeaiiJ  in  the  tentli  volume  of  the 
M0mmn  of  the  Attronomicnl  Society.  It  may  not  be  ujiinterestiiig, 
however,  to  show  ihot  nn  appearance  more  or  less  analogous  to  it  has  been 
witnessed  od  several  previous  occasions,  both  of  total  and  annular  eclipses. 

H*IIej  mentions,  iu  his  account  of  the  total  eclipse  of  1715,  that  abotit 
two  mitintes  before  the  total  immersion  the  sun  was  reduced  to  a  very 
slender  creacemt  of  light,  the  eittremitiea  of  which  eeemed  to  lose  their 
■eatAii6fi8  and  to  becotne  round  like  stars  *. 

Dtiring  the  total  eclipse  of  17*^4,  Delisle  remarked  that  the  part  of  the 
Oftooii's  Umb,  where  the  tubfil  immeision  was  about  to  take  place,  appeared 
to  hitn  irreffular  and  indent^  \. 

Bui,  as  has  been  already  mentioned,  it  is  during  minutar  eclipses  of  the 
«ufl.  that  the  phenomenon  witnessed  by  Mr,  Baily  is  more  especially 
coDspicaous. 

la  his  account  of  the  annular  eclipse  of  1 737,  Maclaurin  cites  a  letter 
iddreMed  by  Professor  Bayne  to  Lord  Aberdour,  containing  the  following 
fttMOient: — *' Wliat  appeared  to  me  rtiott  entertaining,  considered  as  an 
6t§tet  fnf  gitfhtf  was  when  the  extremities  of  the  horns,  formed  upon  the 
fine  of  the  sun,  seemed  as  if  they  had  been  in  the  action  of  uniting  their 
points;  the  iuequaljties  on  the  extremity  of  the  moon's  disk  gave  the 
appearance  as  it  vfre  of  antall  hod  if s  in  particular  motion  '. 

In  Short's  paper  on  the  aiinalu.r  eclipse  of  1743,  which  has  been  already 
tefemed  to,  th^rs  appears  a  statement  from  the  Rev.  Mr.  In^ue.  who 
aiaerred  the  eclipse  at  Elgin,  in  which  he  asserts  that,  previous  to  the 
joinif^  of  tbe  casps  of  the  sun,  as  also  at  the  breaking  up  of  the  riunulus,  he 
ffremrmd  tt  quick  trtnndmit  motiott  and  sevetai  irregnlar  bright  spots  btfUreen 
the  rmpa.  which  disappeared  in  a  few  moments.  He  adds  that  both  ths 
formatitm  and  breaking  (of  the  annul  us)  were  very  sensibly  to  be  observed 
imd  [Mified  in  a  moment ;  aflbrdiug  a  very  pleasant  sight,  by  the  irrrffular 
tremnlmu  tpoU  of  the  stin^f. 

The  following  description  of  the  phenomenon  as  witnessed  in  America 
\if  Mr,  S,  Webber,  during  the  annular  eclipse  of  April  3,  17<U,  is  more 
pfeciMJ  llian  any  that  has  been  hitherto  cited : — "  At  both  the  internal 
flOPtSCts  there  was  a  curious  and  striking  ap[>earance  of  vfhat  may  bs 
edled  drop*,  on  account  of  their  resembtaiice  to  drops  of  a  fluid.  At  the 
first  Dim  tact,  wheu  the  horns  of  the  sun  were  forming  a  ring  about  the 
mooo,  these  luminous  drops  suddenly  appeared,  at  several  different  points, 
with  very  little  difference  of  time.  At  iirst  they  were  nearly  circular; 
bat  they  rapidly  extended  themselves  along  the  limb  of  the  sun,  till, 
uniting,  they  completed  the  aunulus.  At  the  second  contact  se^ertl 
breaches  in  the  annuius  almost  instantaneously  succeeded  the  first,  at 
diHerent  distances  from  each  other;  and  the  oblong  drops  included 
between  ihem  contrEu;ted  and  vanished." |{ 

A  Basdlar  phenomenon  was  witnessed  by  NiooUd  at  Mauheim,  during 

*  PlsiL  Tran*..  1715,  p.  248.  f  Mtm,  A»d.  des  Sdences,  1734,  p.  317. 

♦  PbiL  Trwifc,  1737,  p,  182.  f  IbiA,  I74B,  p.  594. 

I  Menu  Amer.  Acad,  of  Arts  *nd  Bdani^t,  vol.  U.,  part  i.,  p.  30. 
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tlie  annular  ecUpae  of  September  7,  1820.  In  his  account  of  the  eclipse, 
he  atatcs  that  about  a  secoDd  before  the  auotilus  was  formed,  the  fioe 
curve  of  tlie  tnoou's  disk,  then  immediately  in  contact  witli  the  edge  of 
the  sun,  appeared  broken  into  seveiul  parts ;  and  in  a  moment  these  parti 
flowed  together  like  drops  of  tctiter  or  qiticksiiver  near  each  other.  At  the 
dissolution  of  the  aimulus,  a  similar  appeamnce  preaenied  itself:  for  the 
delicate  thread  of  light  then  formed  by  the  auuulus,  iastea4  of  being 
broken  into  one  place  only,  was  iu  an  instant  divided  into  several  placM 
at  once."* 

The  phenomenon  was  also  observed  on  the  occasion  of  the  same  edipie 
at  Bologna,  by  De  Zach,  who  has  giv^en  the  following  intereatiDg  de^ertp- 
tion  of  it: — ■"  The  most  beautiful  spectacle  was  the  end  of  the  ejontilar 
eclipse  or  the  instant  of  the  formation  of  the  annulus.  The  mountaiEs 
of  the  moon  appeared  very  distinct.  Her  limb  seemed  to  be  indented, 
und  ^\^len  it  was  upon  the  point  of  touching  the  sun  s  limb,  it  appeared  like  a 
comb  or  a  saw  biting  the  edge  of  the  solar  disk.  Before  the  coutjict  of  tlie 
two  limbs  was  eifeetod,  there  was  visible,  not  a  continuous  thread  of  light, 
but  a  number  of  luminous  points,  resembliog  a  row  of  so  many  'ptail 
heads,  separated  by  dark  intervals.  This  beautiful  phenomenon  lasted 
only  an  instant ;  for  the  contact  of  the  limba,  and  the  total  disappeaianoe 
of  tho  last  trace  of  light,  was  instantaneous/'f 

The  same  appeai'anco  was  also  witnessed  at  Amsterdam  by  several  oli' 
servers  ef  the  eclipse,  accompanied  in  some  itistances  with  new  features^  bat 
the  description  glvea  by  Mr.  Baily,  of  the  phenomenon  as  it  presented  itself 
to  him  on  the  occasion  of  the  annular  eclipse  of  May  15, 1S30,  embodies  all 
the  partioulars  by  wliich  it  has  been  hitherto  distinguished.  He  states  thit 
when  the  cusps  of  the  sun  were  about  40°  asunder,  a  row  of  lucid  pojnta, 
like  a  string  of  bright  beads,  irregular  in  size  and  distance  from  eai^ 
other,  Bitddonly  formed  round  that  part  of  the  circumference  of  the  moon 
that  was  about  to  enter  on  the  aan  s  disk.  Its  formation  was  so  rapid  that 
it  presented  the  appearance  of  having  been  caused  by  tho  ignition  of  a 
fine  train  of  gunpowder.  Mr,  Baily  was  under  the  impression  that  lliia 
pheuoraeuou  indicated  the  correct  formation  of  the  aannlua,  and  he  was 
accordingly  about  to  note  the  time  of  its  occurrence.  "  My  surpnsfl, 
however,  was  great,"  says  he,  "on  finding  that  these  luminous  poiJita,ti 
well  as  the  dark  intervening  spaces,  increased  in  magnitude,  some  of  the 
couUguous  ones  appearing  to  run  into  each  otlier^  like  drops  of  water;  foe 
tho  rapidity  of  the  change  was  so  great,  and  tlie  singularity  of  the  appev- 
auce  so  fascinating  and  attractive,  that  the  mind  was  for  the  momeot 
distracted  and  lost  in  the  contemplation  of  the  scene,  so  as  to  be  unable  tn 
attend  to  every  minute  occurrence.  Finally,  as  the  moon  pursued  her 
connae.  these  dark  intervening  spaces  (which  at  their  origin  had  tlio 
appearance  of  lunar  mountains  in  high  relief,  and  which  still  continued 
attached  to  the  sun's  border)  were  stretched  out  into  long,  black,  thick, 
parallel  tines,  joining  the  limbs  of  the  sun  and  moon:  when  all  at  ottCtt 
they  nuihlifniy  gave  way,  and  left  the  circumference  of  tlje  sun 
in  those  points,  as  in  the  rest,  comparatively  smooth  and  circular; 
moon  perceptibly  advanced  on  the  face  of  the  sun."  In  fact  the 
nomenou  could  not  be  more  accurately  imagined  than  by  supposingu 


•  Mem,  Am,  Soc,  vol,  i^  p.  J42. 
f  Correspondance   AstroDoiiiique,  vol 
Olye (:(*,"  vq|,  i.i  Apptndije, 
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the  mosaetit,  that  the  e^ge  of  the  mcM>n  was  formed  of  some  dark, 
gltttmcius  substance,  which  by  its  tenacity  adhered  to  certain  poiDta  of 
the  sun's  limb,  and  by  the  motion  of  the  moon  was  thus  drawn  out  into 
\oag  threads^  \vbieh  suddealy  broke  aud  vvhoUy  disappeared'*'. 

Hr.  Biiily  remarks  that  the  scene  so  riveted  his  attention,  that  he  could 
not  take  bis  eye  away  from  the  telescope  to  note  down  anything  during 
the  progress  of  the  phenomenon.  He  estimated,  however,  tlial  the  whole 
took  up  six  or  eight  &e«onda  or  tea  at  the  utmost.  The  same  phenomeDon 
oecarred  in  a  reverse  order  at  the  dissolution  of  the  annulua.  While  the 
limb  of  the  moou  nas  yet  at  some  distance  from  the  edge  of  the  sun,  a 
number  of  long,  black,  thick,  parallel  Hues  suddenly  darted  forward  from 
the  moon,  and  joined  the  two  limbs  as  before.  As  these  dark  lines  got 
shorter,  the  intervening  bright  parts  assumed  a  more  circular  and  irregular 
kbipe,  and  at  length  terminated  in  a  fine  curve  line  of  bright  beads,  aa  at 
the  commence ment,  till  they  ultimately  vanished,  and  the  aunulua  ceased 
toesist. 

Mr.  Baily  also  states  that,  although  the  parallel  dark  lines  ought  not  to 
have  exhibited  any  perceptible  difference  of  length,  the  outer  lines  imme- 
diately before  their  rupture  seemed  to  be  nearly  double  the  length  of 
tho^  in  the  middle.  This  circumstance  manifestly  indicated  a  pro- 
tahe ranee  on  the  moon  h  limb  at  the  point  where  it  had  just  entered  upoa 
the  6UD  &  disk.  A  similar  pheDom.etion  had  been  noticed  on  the  occasions 
of  the  transit  of  Venus  across  the  sun's  dii^ik  in  the  last  century. 

The  phenomenon  of  which  Mr.  Baily  gave  so  vivid  a  description 
esdted  great  interest  among  astronomers,  aud  future  opportunities  of 
teiifying  it  were  anxiously  looked  forward  to.  The  ajmuiar  eclipse  of 
Feb.  18,  1838,  which  was  visible  in  the  United  States  of  North  America, 
nas  peculiarly  favourable  for  this  purpose.  On  tliis  occasion,  however, 
ihe  phenomenon  was  only  partially  observed.  In  several  instances,  thd 
beads  nvitnessed  during  previous  annular  eclipses  at  the  instants  of  the 
formation  and  rupture  of  the  annulus,  were  plainly  visible,  but  no  tmce  of 
the  long  block  threads  alluded  to  by  Mr.  Baily  could  be  discerned  by  any 
observer.  iJoreover,  it  was  found  that  even  the  beads  were  not  per- 
ceptible in  every  case,  their  visibility  seeming  to  be  dependent  on  the 
eoljonr  of  the  ecreen  glass  employed  in  observing  the  sun.  With  a  red 
glass  the  phenomenon  was  generally  perceived  ;  but,  when  a.  green  glass 
wa^  used,  only  a  faint  trace  of  it  could  be  obtained,  and  in  tnany  cas^  it 
iras  altogether  invisible.  Thus  Prof.  Henry,  who  observed  the  eclipse 
at  Princeton  College,  New  Jersey,  witli  a  3^  feet  achromatic  telescope, 
and  a  Ted  screen  glass,  states  that  '*  an  appearance  similar  to  a  row  of 
beads  was  regarded  as  the  formation  of  the  ring.''  He  adds  that  the 
dtope  endured  only  for  a  second  or  twof.  On  the  other  hand,  Mr,  R.  T, 
Pune,  who  observed  the  ecUpse  at  Washinglon  mth  a  telescope  having  a 
^r<etn  glass  applied  to  it,  was  unable  to  discern  the  slightest  vestige  of  the 
phenomenon.  "The  ring,"  he  remarks,  "formed  instantaneously,  and 
'Wke  nearly  so.  No  beads  were  seen,  nor  the  dark  lines  mentioned  by 
[Mt.  Baily,  nor  the  light  round  the  moon,  although  all  were  looked  for. 
distortion  of  the  moon's  limb  could  be  seen,  and  the  cusps  of  the  sun, 
,  J  the  ring  formed,  were  as  sharp  as  needles."  J 

It  vas  eipeeted  that  the  obsenations  of  the  total  eclipse  of  July  8, 

•   Mem.  Asf.  Soc,  vol*  %,,  p.  7. 
f  Stlliiaan's  Joura.,  vol.  X3ix.i'iij^  p.  167.  f  Ibid,,  rnA,  KSKviii,,  p.  104. 
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1848,  would  sert©  to  throw  some  ligbt  upon  this  inl«restiag  phenomenoa. 
On  ^18  occaaion,  however,  astrouomers  were  disappointed.  In  som© 
instances  a  faint  resemblance  to  bead^  of  light  was  Been  preTious  to  the 
total  immersion,  but,  generally  §p«aking.  tbe  phenomenoD  was  tolallv 
invisible.  Even  Mr.  Baily,  whose  principal  motive  for  proceeding  to  Italy 
was  to  Terify,  by  meaut  of  this  eclipse,  his  previoog  obsenrations,  imj 
CBttblo  io  diacem  any  tmce  of  tbe  phenomenon. 

Tbe  obftcnatioDs  of  the  annular  eclipse  of  October  0,  1347,  aSbrded  i 
partial  veriticaiion  of  tbe  phenomenon  witnessed  by  Mr.  Baily  in  1^A0. 
Captain  Jacob,  who  observed  tbe  eclipse  at  Bombay,  states,  that  when  the 
antiulus  was  about  being  formed,  the  moon's  limb  seemed  to  be  united  with 
that  of  tii^  sun  by  a  dark  lijt^ment  about  1'  in  breadth,  w^hich  became  moin 
elongated  as  tbe  moon  advanced  upon  tbe  sun.  The  moon  $  limb  w«s 
perfectly  well  dctiaed,  except  at  the  part  where  the  ligament  was  perceived. 
This  phenomenon  lasted  about  three  ur  four  seconds,  when  tbe  ligament 
at  kngth  suddenly  gave  way,  and  the  anuulus  was  seen  complete.  Tbe 
phenomenon  exhibited  at  the  dissolution  of  tbe  anunlua  was  somewbst 
different.  When  the  moon's  limb  approiached  very  close  to  that  of  ihf 
sun,  a  poTtion  of  it,  about  30*^  in  extent,  suddenly  jimF^d  over  in  dark  litut. 
leaving  bnght  e^paces  between.  This  appeamnce  lasted  only  about  tvo 
aeconds  *. 

The  same  eclipse  was  observed  at  several  stations  in  Europe,  but  no  d^ 
cisive  indication  of  ihe  beads  or  dark  lines  wliitb  exhibited  so  strikingao^ 
pearance  during  the  aimular  eclipse  of  183ti,  was  obtained  in  any  instance. 

The  question  relative  to  the  physical  cause  of  the  phenomena  abofvB 
mentioned  lias  naluFally  excited  considerable  speculation,  but  it  ctm<A 
be  said  that  any  deliiutive  conclusion  has  yet  been  arrived  at  upoo  tlus 
head.  That  they  are  mainly  illusions  of  an  optioal  nature  is  genenlly 
admitted  by  all  enquirers,  but  the  modm  ojhfrandi  seems  to  be  involved 
in  much  obscurity.  The  most  probable  hypoihesis  of  tlieir  origin  is  tkl 
which  refers  ihem  to  the  influence  of  irradiation.  The  enlarg^emeDtof 
the  apparent  magnitudes  of  the  celestial  bodies,  arising  from  tma 
has  been  already  alluded  to.  The  obaervatious  of  solar  eclipses  tend^ 
pecially  to  r^n'ol'orate  the  truth  of  this  retnark.  It  bss  been  rii 
tneutioued  tbtit  KcplLT*  adduced  the  appearance  presented  during  the 
eclipse  of  15110.  asiirtbrdingan  obvious  proof  of  the  intilueuce  of  irmdiat 
The  fiftraordinitrtj  tnjUilft  with  which,  according  to  Wyberd^  the  moon 
thl^w  herself  upon  the  solar  disk  ou  tbe  occasion  of  the  total  eclipse  of 
March  2i>,  llibH,  aui  only  be  accounted  for  by  supposing  that  the  sun  «» 
fringed  with  a  border  of  spurious  light  which  disappeared  tUl  at  once  as 
soon  as  Lhe  liLst  portion  of  his  limb  was  immersed.  In  his  account  of  the 
annular  eclipse  of  Feb,  If*.  1737,  Maclaurin  states  that  the  breadth  of  the 
ftimulus  appeared  much  greater  to  tlie  naked  eye  than  could  have  been 
expected  from  the  difterence  of  the  semi-diameters  of  the  auii  and  moon. 
"This  apjieftraiice,"  he  remarks,  ''proceeded  ehiefly,  I  suppose,  from  the 
light  encroaching  on  the  shade,  as  is  usual ;  but  whatever  was  the  auis«. 
everybody  seemed  sui-prised  tliat  the  moou  appeared  so  small  npon  the 
disk  of  the  sun. "it 

The  enlargement  produced  by  irradiation  is  also  indicated  by  a  rem^ 
of  Mr.  Fullartou,  who,  in  a  description  of  the  same  eclipse  as  it  appeared 
at  Crosby,  near  Ayr,  states  that  the  annulus  was  of  a  uniform  breadth, 
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dariog  the  greater  part  of  tbe  time  of  its  coutiiiuance,  bat  ummd  to  go  off 
9try  tmddenly;  so  that  vhen  the  tlisk  o(  the  mtxiii  approaiihcd  ths  conoavo 
U&e  of  the  Buo''a  disk,  thej  seemed  to  run  together  tike  two  contiguous 
dn^  of  iTBter  on  a  table,  when  they  touch  oae  ajiother."*  A  simikr 
nmkrk  was  made  bj  the  llev.  Mr.  Irvine,  of  Elgiu,  relative  to  the  annular 
eetip»e  of  t74H.  In  his  account  of  tbe  eclipse,  as  cited  hy  Short,  he  states 
thai  the  moon  s  hody  seemed  to  pass  quicker  about  the  thne  of  the  annwf««, 
than  at  any  other  tirae  during  tbe  eclipse  |, 

Tbe  obseirationg  of  solar  eclipses  in  more  recent  times  have,  m  genera], 
iffbrded  similar  iudications  of  an  enlargement  of  tbe  apparent  magoitade 
of  the  stin  from  tbe  irradiation  of  hia  light. 

The  dark  tiffament  observed  by  Capt.  Jacob  during  the  annular  eclipse  of 
October  0,  1)?47,  is  obviously  an  effect  of  irradiation,  for  when  the  moon  is 
irbelly  within  iht-  solar  disk,  except  at  tJie  point  of  interior  contact  where 
it  still  prtyjecta  in  a  very  small  degree  over  the  eun'a  limb,  the  enlarge- 
lUqit  produced  by  irradiation  will  be  whoUy  wanting  at  this  point,  whereas, 
«n  the  other  hand,  the  rest  of  the  limb  being  uncovered  by  the  moon  will 
exhibit  its  usual  appearance.  The  audden  detideocy  of  light  arising  from 
Hm  eanse  will  manifestly  produce  an  appearance  resembling  a  dark  liga- 
tneot  or  neck,  uniting  tbe  limbs  of  the  sun  and  moon  at  the  point  where 
the  oonlacl  of  the  two  bodies  is  about  to  take  place ^. 

Prof.  Powells  explanation  of  the  btatiU  nnd  threads  witnessed  At  the 
formation  and  dissoludonof  the  annulus,  is  perhaps  less  liable  to  objection 
thssL  any  other  that  ha»  hitherto  been  proposed.  It  is  based  upon  two 
prineiples,  the  real  es-istence  of  which  has  been  established  beyond  doubt 
by  obserration  and  experiment.  These  are,  tbe  rapid  degradation  of  the 
sa&  9  light  towards  the  margin  of  his  disk,  and  the  law  of  irradiation  in 
virtue  of  which  the  intensity  of  its  influence  increases  with  the  brightness 
of  the  luminous  object:.  Aclmitting  these  two  principles,  it  is  easy  to  &ee 
th»t  a  series  of  tk^ures  in  the  moon'^  limb  will  give  rise  to  so  muny  patcbea 
of  Hght,  which  cannot  fail  to  acquire  a  more  elongated  appearance  as  tlie 
moon  advances  upon  the  solar  disk. 

It  is  te  tbe  inferior  brightness  of  the  sun  towards  the  margin  of  bis 
disk,  and  tbe  con^qtient  diminiiiion  of  the  ofiect  produced  by  his  irradi- 
ation, that  Prof  Powell  ascribes  the  protuberance  on  the  maoai  limb 
towards  the  point  of  her  interior  contact  with  the  sun,  obseryed  by  Mr. 
Baily  during  the  annular  eclipse  of  16D6,  when  the  ring  was  just  formed, 
and  when  it  was  about  to  be  dissolved.  In  this  case  it  in  clear  that  the 
solar  light,  being  le$s  intense  towai'ds  the  point  of  contact  than  at  the 
other  parts  where  it  borders  upon  the  moons  bmb,  will  encroach  less  by 
irradiation  upon  the  dark  body  of  the  moon  than  elsewhere ;  and  that  hence 
will  arise  an  apparent  protuberance  of  the  contour  of  the  lunar  disk,  which 
which  will  be  motit  eensible  at  the  point  where  tlie  limbs  of  the  suu  and 
moon  are  nearest  to  each  other  |, 

Tbe  foregoing  modes  of  ejiplaining  the  phenomena  observed  during  annu- 
lar eclipses  are  not  wanting  in  plausibility,  but  they  cannot  be  said  to  afford 
a  satis&etory  account  of  all  the  observations.  A  ditlicuhy  which  attends 
the^e,  as  well  as  all  other  explanations  of  the  same  nature,  consists  in  the 
fact  of  tbe  phenomena  being  visible  in  some  cases  and  not  in  others,  al- 
though sought  for  with  the  utmost  care.     In  some  instances  tbe  absence  of 

Pbil.  Traus,,  1737,  p.  183.  \  Phil.  Transi.,  1748,  p.  594. 
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Iho  pbenomena  may  be  explained  in  accordance  ^tth  the  aboTe-mectioQed 
principles*  Thus,  hi  the  case  wherein  tliej  have  not  b*eu  seen,  when 
the  image  ef  the  sun  has  been  received  upott  a  screeUf  it  may  ju$dj  be 
supposed  that  thia  circumstance  arose  from  the  feeble  Lrradiation  of  the 
Bokr  image,  whose  brightness  is  so  much  inferior  to  that  of  the  actual  sur- 
face  of  the  sun>  In  the  great  majority  of  cases,  however,  no  explaualian 
can  be  assigned,  which  is  capable  of  reconciling  the  conflicting  Bt4t^ 
men  1:5  of  different  observers. 

EcHpsfs  of  the  vwon,  aUhough  neither  so  impressire  la  their  DAtore, 
nor  so  important  in  their  results  as  those  of  the  sun,  attmcteHl  the  at- 
tention of  astronomers  at  a  very  early  age,  as  in  the  absence  of  morfl 
refined  methods  of  observation,  they  served  to  15.il  the  moon's  place  in 
the  heavens  with  consiilerable  precision.  Hipparchus  did  not  Ml 
to  perceive  that  observations  of  lunar  echpsies  would  fni-nish  a  solution  of 
the  great  pfoblem  of  the  longitude.  It  wa^  accordingly  by  meftna  of  such 
phenomena,  that  the  difference  between  the  meridians  of  places  on  iii« 
earth  s  surface  was  ascertained  during  a  long  succesidion  of  ages.  Tbe 
results  so  obtained  were,  however,  ver)'  inaccurate,  on  account  of  the  diffi- 
culty ^vhich  is  experienced  in  determining,  by  observation,  the  exact  lima 
of  the  occurrence  of  a  lunar  eclipse.  The  method  was  therefore  speedily 
abandoned  in  modern  times,  upon  the  invention  of  others  of  a  more  truflt- 
worthy  nature,  Ptolemy,  in  bis  great  work  the  Syntaxit,  has  detenniDd 
the  elements  of  the  lunar  orbit  by  means  of  observation  of  eclipses  of  the 
moon,  mode  by  the  Chaldeans,  at  Babylon,  about  700  years  before  da 
commencement  of  the  Christian  era.  It  has  been  already  mentioned 
that,  by  a  comparison  of  the  same  eclipses  with  others  oltserved  in  mom 
recent  times,  Halley  was  led  to  suspect  the  famous  inequality  of  ihs 
secular  occelemtion  of  the  moon's  mean  motion. 

Observations  of  lanar  eclipses  are  chiefly  interesting  in  modem  time* 
on  account  of  the  physical  peculiarities  which  they  occasionally  exUibit 
The  ruddy  hue,  by  means  of  which  the  moon  is  rendered  visible.  e»«i 
when  she  is  totally  immersed  in  the  earth's  shadow,  was  a  pbenomeooOf 
the  cause  of  which  was  long  involved  in  great  obscurity.  By  some  ipeai^ 
it  was  supposed  to  arise  from  a  light  natUTnlly  inherent  in  the  tam^ 
surface,  but  it  seemed  impossible  to  reconcile  this  explanation  viih  lh6 
appeaffluce  of  the  moon  in  other  parte  of  irer  orbit.  The  illustrious  Ke{'l« 
was  the  first  who  shewed  that  the  phenomenon  was  occasioned  bj  the 
refraction  of  the  earth's  atmosphere,  which  had  the  effect  of  tuniingtlM 
course  of  the  solar  rays  passing  through  it  so  as  to  fall  upon  the  inoon 
even  when  the  earth  was  actually  interposed  between  her  and  the  sou*. 

The  deep  red  colour  of  the  moon's  surface  arises  from  the  absorpticin 
of  the  blue  rays  of  light  in  passing  through  the  terrestrial  atmosphere,  Ia 
the  same  manner  as  the  western  sky  is  seen  frequently  to  assume  a  niddj 
hue  when  illuminated  in  the  evening  by  the  solar  rays.  On  aecoontof  cb^ 
variable  condition  of  the  terrestrial  atmosphere,  the  quantity  of  light  wii<h 
is  actually  transmitted  through  it  to  the  moon  is  liable  to  fluctuate  eon- 
eiderably,  and  hence  arises  a  corresponding  variation  in  the  appeanooe 
presented  by  the  moon's  surface  during  her  immersion  in  the  eanh'j 
shadow.  If  the  region  of  the  atmosphere  through  which  the  solar  ray* 
puss,  be  everywhere  deeply  loaded  with  vapours,  the  red  rays  will  be  almost 
totally  absorbed  ob  well  as  the  blue,  and  the  illuminatiou  of  the  moou  vrill 
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be  too  feeble  to  render  ter  suif&ce  visible.  The  records  of  lunar  eclipses 
pfesent  several  eiamples  of  this  kiod.  Thus  Kepler  states  that  during  the 
Innsi'  eclipse  which  happened  on  the  15th  of  June,  1620,  the  tnoott  totally 
di»ippeared,  altboagh  the  tUed  stars  of  the  fourth  and  fifth  magnitudes  in 
her  immediate  vicinity  were  plainly  distinguiabnble  *.  Herehus  also  men- 
tioiis  that  diiruig  the  lunar  eclipse  of  April  ^5, 1643,  the  place  of  the  moon 
eould  not  he  ascerlBined  even  with  the  aid  of  the  telescope,  altliough  the 
»ir  Kvs  sufBcientlj  pare  to  discern  the  stars  of  the  fifth  magnitude  f. 

The  account  given  by  WargentiD,  of  the  lunar  eclipse  of  May  18,  17G1,  as 
oltserved  by  him  at  Stockholm,  furnishes  an  int'creating  illustration  of  the 
nmd  remark.  The  total  immersion  of  the  moon  took  place  at  10**  Jl""  p.m. 
Th«  part  of  the  margin  of  the  lunar  disk  which  hud  last  entered  the  shadoir 
las  pretty  conspicuous  by  meaus  of  a  bright  light  for  five  or  six  minutes 
after  the  immersion,  and  to  the  naked  eye  e^ihibited  a  lustre  equal  to 
ihat  of  a  star  of  the  second  magnitude;  but  at  10*^  5'i"*,  this  part,  as 
veil  aa  the  whole  of  the  rest  of  the  moon's  body,  ditapptared  fo  eom^ 
pUuly,  that  not  the  itigktMt  trace  of  any  portion  of  the  lunar  disk  could 
h*  dixtrmtd  either  iritb  the  naked  eye  or  ivith  the  tekicope,  although  the 
iky  was  very  clear  and  the  star^  in  the  vicinity  of  the  moon  were  distinctly 
visible  in  the  telescope.  After  a  long  search  for  the  missing  body  of  the 
moon,  the  Swedish  astronomer  at  length  discovered  it  at  1 1^*  30™  with  a 
two-feet  telescope,  by  means  of  a  faint  light  which  was  visible  about  the 
eastern  border  of  the  diak.  At  11**  SS*",  persons  of  acute  vision  were  able 
todiacem  a  trace  of  it  with  the  naked  eye,  like  an  exclusively  thin  vapour; 
but  more  than  half  of  tbe  disk  was  still  invisible.  The  boundary  between 
the  viaible  and  invisible  portions  was  vei^  irregular ;  the  light  Tvaa  also  more 
iafieiise  at  the  margin  of  the  moon  than  it  vaa  towarda  the  centre.  During 
die  progress  of  the  emersion,  which  commenced  at  VX^  1^^,  the  part  of 
tlie  moon  which  was  still  involved  in  the  earth  s  shadow  was  by  no  means 
palptible  to  observation,  as  is  usually  the  ease  on  similar  occasions  J. 

If  the  region  of  the  atmosphere,  through  which  the  solar  rays  pass,  be 
everywhere  very  transparent,  tbe  red  rays  will  be  transmitted  to  the  moon 
in  great  abundance,  and  her  surfitce  will,  in  consequence,  app^r  strongly 
illuminated.  Thus,  during  the  lunar  eclipse  of  December  22,  1703,  tbe 
moon,  when  totally  immersed  in  the  earth  s  shadow,  waa  visible  at  Avignon 
bja  mddy  light  of  such  bnlliaDcy,  that  one  might  have  Imagined  her  body 
to  be  transparent,  and  to  be  enlightened  by  the  son  from  behind §.  A 
niDJliir  app^irajicG  was  remarked  on  the  occasion  of  the  total  eclipse  of 
the  moon,  which  happened  on  the  Iflth  of  March,  184ih-  Mr.  Forster,  of 
Bruges,  states,  in  an  account  of  the  eclipse,  that  during  tlie  totnlittj  of  tha 
ti)inM>mio»,  the  light  and  dark  places  on  the  face  of  the  moon  coudd  be  almost 
aa  veil  mads  out  aa  in  an  ordinarij  dull  moonlight  night.  So  intense  was 
the  illumination  of  the  moon's  sinrface,  that  many  persons  could  not  be 
pMioaded  that  she  really  was  eclipsed  ||.  Mr.  Walkey,  who  obsen'ed  the 
«elipM  at  Ch'st  St.  Lawrence,  near  Coll  am  pton,  states  that  the  appearance 
was  89  usual  until  Hi)  minutes  to  nine,  when  the  whole  of  the  moon's  sor 
lace  became  very  quickly  and  veiy  beautifully  illuminated,  so  as  to 
resemble  the  glowiug  heat  of  fire  from  the  furnace,  rather  tinged  with  a 
deep  red.     This  appearance  lasted  about  an  hourii . 

Sometimes  it  happens  that  the  region  of  the  terrestrial   atmosphere 

•  Ep.  Ait,  p.  825.     +  Selenograptija,  p.  117.  t  Ph.  Tr.,  1761,  pt  i.,  p.  20ft  et  seq. 

{lUa  Acad,  A»  Sckncet.  1704,  ^.  ok  (Hict) 
MoDtUy  Pnic.  Ast.  &>c.,  vol.  viii.,  p.  192. 
f  lUd.,  Toi  f  ili.t  p.  132«       "  More  tluin  threescore  yea,n  have  pitsed  wiih  Tn}-«elf," 
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through  which  the  eokr  rajs  pass,  ia  m  loaded  with  vapour  in  some  p»r1a 
as  in  a  great  degree  to  ehsorb  the  raye,  while  in  other  pwu*  it  ftUowt  them 
to  be  transmitted  with  facility  to  the  moon'a  surface.  Hence  during  the 
totalitf  of  a  lunar  eclipse,  the  mooD'9  surface  will  appear  {juiie  Dhsc4ir«  in 
Bome  part8,  and  in  other  parts  will  exhibit  a  high  degree  of  illumitiaiion. 
Thus  Kepler  states  that  during  the  totiU  eclipse  of  the  moon,  wliich  iiap- 
pened  ou  the  IGlh  of  August,  IfiOS,  tvhil©  one-half  of  her  disk  was  mn 
oiilj  with  great  difficultj,  the  other  half  was  diseemihle  by  a  deep  ni 
light  of  such  brilliancj,  that  at  first  he  was  doublfttl  whether  it  \tas  im- 
mersed in  the  shadow  at  air^.  If  dense  clouds  be  iutersperaed  throughoat 
the  whole  of  the  atnaospheric  KOne  Ukrough  which  the  rajs  paaa,  thersiril] 
manifestly  ensue  an  irregular  diatributiou  of  light  and  darkness  orer  th» 
whule  of  the  moon's  surface.  Such  was  the  appearance,  which,  oecordiag  tu 
Sir  John  Herachel,  the  moon  presented  during  the  total  eclipse  of  October 
13,  I837t. 

The  phenotaeaa  presented  hy  the  transitt  of  tJte  htferivr  pi^neU  orer 
the  sun's  disk  are  among  the  must  iatereating  that  arise  from  the  relatin 
movements  of  the  various  bodies  composing  the  solar  system.  The  im- 
portance  of  the  transits  of  Venus,  in  determining  the  solar  paraTlitx,  Im 
been  already  referred  to.  The  phjaical  features  of  euch  phenometiB  tend 
also  10  attract  the  attention  of  the  enquirer.  The  transits  of  Mercury  iw 
of  less  utility  than  those  of  Venus  in  ascertaining  the  absolute  dimenuoaa 
of  the  solar  system ;  but,  as  in  the  case  of  that  planet,  the  phenometii 
accompanying  such  occurrences  are  calculated  to  throw  some  light  on  Ik 
physics  oftbe  celestial  regions. 

Long  before  the  invention  of  the  telescope  it  was  asserted  tliat  M^rtaiy 
had  been  neen  npon  the  sun's  disk.  Even  as  early  aa  the  nititli  century, 
it  was  stated  by  the  author  of  the  "  Life  of  Charlerasgne  "  that  the  plwet 
had  been  visible  upon  the  sun  for  eight  days.  A*  it  was  impossible,  froa 
the  rapidity  of  his  orbltual  motion,  that  Mercury  could  have  remataed  so 
long  visible  upon  the  sun,  Kepler  suggested  tbat  the  expression  octo  iu)i 
or  eight  days,  might  hAve  been  erroneously  substituted  for  the  barlwie 
Latin  odotwjf,  or  eight  tiraee.  It  is  now  well  Itnowu,  however,  tliatthe 
angular  magnitude  of  the  planet  is  by  far  too  small  to  allow  its  being  tit&i 
with  the  naked  eye  on  such  an  occasion,  bo  that  in  all  probability  the 
phenomenon  referred  to  was  no  other  tlmn  a  sokr  spot  of  more  than  culi- 
nary magnitude.  Coming  down  to  a  more  recent  age,  AveriXJes,  a  famriaa 
physician  of  Cordova,  in  Spain,  who  wrote  a  commentary  on  the  Almi* 
gest,  positively  asserted  that  he  had  seen  Mercury  on  the  sun  at  a  liniS 
when,  from  the  motion  of  the  planet,  it  ought  to  have  been  p«aiiag 
through  its  inferior  coTy unction  J.  This  etalenient.  however,  must  Is^ 
rejected  an  unworthy  of  belief,  for  the  siime  reason  as  that  alluded  40  ip 
the  ease  just  cited.  Kepler  himself  was  induced  to  believe  on  one  ooototo 
tb&t  he  had  seen  the  planet  on  the  sun,  hut  the  invention  of  the  teleiSOOBe 
a  few  years  aftenivards  having  speedily  led  to  the  discovery  of  spot»  on  lo* 
suns  disk,  he  retracted  his  opinion,  and  candidly  acknowledged  that  the 
phenomenon  &een  by  him  was,  in  all  probttbility,  no  other  than  one  of  such. 
macultf. 

ny>  Mr.  Walkey,  "and  during  thai  periDd  I  h«ve  levemJ  times  bebeEd  <w  ecUpieof 
the  moon,  bul  nerer  before  did  my  eyes  bchuld  the  moon  fiosilively  gire  (food  li§ht  fitrai 
her  disk  during  a,  tol«l  eclipse," 

*  Ad  V^itellioiKstn  Parahpommiti,  p.  276.  f  Outlines  of  Ailronumy,  p.  US(i. 

}  Copeni.,  HevoL,  Hb.  x.  The  red  tatme  of  thii  indtviduiil,  whu  vzi  of  Moor)^ 
orlgto.  wu  Ebn  RoKhd. 
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la  his  '*  Supplement  to  Vltellionem,"  Kepler  remarked  that  from  the 
posiUoa  of  Mercury's  nodes,  it  ivas  possible  tbat  he  might  frequently  puss 
oT<f  the  siurs  disk*.  With  respect  to  Venus,  he  asserted  that  although 
riit  might  Bometimea  be  interposed  directlj  betveeu  ths  earth  and  sun, 
tb«  ittatancea.  of  such  an  occurrence  were  Tery  rare.  He  announced,  in 
bet,  thmt  a  transit  of  this  planet  ^ould  not  take  place  during  the  whole  of 
the  fierenteenth  century  f . 

The  Dompletion  of  the  Eudolphine  Tahles  in  the  year  1637,  ha^'ing 
atabled  their  illustriouB  author  to  calculate  the  motions  of  the  inferior 
pltnets  upon  a  more  accurate  basis  than  any  hitherto  employed  by  him, 
be  now  arrived,  at  reaolta  of  oonsideraLle  preciaion  relating  to  the  times  of 
their  transits  over  the  suns  disk.  In  I0'i9  he  puLilifihed  a  small  trai^t,  in 
vluch  be  rentured  to  predict  that  both  Mercury  and  Venus  would  paai^ 
wtr  the  aun's  disk  in  the  year  11131,  the  former  on  the  7th  of  November, 
iiid  the  Utter  OR  the  §th  of  Derrembert-  He  announced  at  the  same  time 
tbtt  th/6li0  would  not  happen  another  transit  of  Venus  before  the  year  1761. 
1!Ul»  however,  was  a  mistake,  as  we  shall  presently  have  occasion  to  show 
mom  particularly. 

T1j«  transit  of  Mercury,  ^hich  Kepler  had  predioted,  was  actually  mt- 
MBBad  by  Gassendi,  at  Paris.  He  has  given  an  interesting  account  of 
Ui  observations  in  a  letter  to  Shickhard,  Professor  of  Mathematics  in  the 
•iMMtsity  of  Tubingen.  "The  crafty  god,"  saya  he,  "liad  sought  to 
AneiTe  astronomers  by  passing  over  the  sun  a  little  earlier  thnti  wae 
Cip«cte<i.  aiid  had  drawn  a  veil  of  dark  clouds  over  the  earth  in  order  to 
Bike  his  escape  more  eSectunI,  But  Apollo,  aequaitited  with  bis  knavish 
tricks  from  his  infancy,  would  not  allow  him  to  pass  altogether  unnoticed. 
To  be  brief,  I  have  been  more  fortunnte  than  those  hunters  after  Mercury 
who  have  sought  the  cunnirsg  god  in  the  sun.  I  found  him  out,  and  saw 
biitt,  where  no  one  else  had  hitherto  seen  bim."§ 

GasseDdi  made  prefiiaintious  to  obaerye  the  transit  of  the  planet,  by 
admitting  the  solar  light  into  a  dark  chamber  through  a  small  aperture  in 
the  wioaow,  and  receiving  the  image  of  the  sun  upon  a  white  screen, 
Jttving  a  cirde  described  upon  it  adapted  exactly  to  the  magnitude  of  the 
imgi.  The  diameter  of  the  circle  was  three-fourths  of  a  French  foot  in 
Ingtfa,  and  WAS  divided  into  sixty  parts,  so  that  liy  supposing  the  apparent 
dSwiMtar  of  the  sun  to  he  '30',  each  of  the  subdivisions  would  represent  an 
apparent  majinitude  of  30'^.  The  circumference  of  the  circle  was  also 
divided  into  3B0  degrees.  In  order  to  obtain  an  accurate  knowledge  of 
the  time,  he  placed  a  person  in  the  room  above  him,  with  a  quadmntof 
two  feet  radius,  charging  him  to  observe  the  altitude  of  the  sun  whenever 
he  should  hear  him  stump  with  his  foot.  In  order  that  the  transit  of  the 
planet  might  not  escape  him,  he  resolved  to  commence  his  observations  a 
day  or  two  earlier  than  that  which  Kepler  had  fixed  for  its  occurrence. 
Th^  ith  of  November  proved  unsuitable  for  this  purpose,  being  all  duy 
niny.  The  0th  turned  out  to  be  equally  unfavourable,  the  sky  being 
oTCTicaat  during  almost  the  whole  day.  The  7th,  which  was  the  day  ap- 
pointed for  the  transit  of  the  planet,  waa  very  changeable  in  the  Dioniing, 

*  Ad  V'tteWioaetn  PAnUpctsa^nA.  p.  dOfi.  f  Ibid,  p.  305. 

J  Tbe  following  is  iKe  litle  oftliis  itnalli  tract :— -"  Admamtif)  ad  ABlrcmoriKMreruaK^ue 
oalMtiuni  •iudio«»,  dc  mirii  rariaque  unni  1G31  phxaomenis.  Veneris  puta  et  Mereurii 
bioleni  iticur^u."    Lipa.,  1629. 

f  Opera  Omnia,  torn,  li.,  p.  537. 
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"bat  was  for  most  part  cloudy,  A  littl  e  before  eight  o'clock  tbe  sun  ifas  visible 
through  the  openings  of  the  deuser  douda,  but  a  thin  veil  of  nebuWus 
matter  still  rcudered  it  iropossible  to  diBtinguish  any  minute  object,  either 
upon  the  actu&I  disk  of  the  sun  or  upon  \m  image  in  the  dark  chamber. 
Towards  niue  o'clock,  the  sun  being  distinctly  viaiVde,  he  perceived  a  Uaek 
apQt  upon  the  imnge.  It  was  a  little  to  the  east  of  the  vertical  diameter, 
and  about  a  fourth  of  its  length  from  the  lower  extremity.  He  roughly 
marked  its  position,  not  having  the  remotest  suspicion  that  it  was  Mereuiy 
on  account  of  its  extreme  stuallueas,  for  its  diameter  scarcely  seemed  to 
exceed  the  half  of  one  of  tlie  minute  parts  Into  which  he  had  divided  the 
diameter  of  the  white  circle.  He  wag  rather  inclined  to  believe  that  it 
vas  a  aolar  spot,  which,  although  not  visible  on  the  preceding  day,  might 
have  beeu  formed  during  the  intermediate  interval,  as  had  happened  oa 
seveitJ  previous  occasiona,  in  the  course  of  big  experience.  The  sun  having 
again  appeared  through  the  clouds  at  nine  o'clock,  he  measured  the  distance 
of  the  spot  from  the  centre  of  tbe  image,  intending  to  compare  its  positioD 
with  that  of  the  planet,  if  the  latter  should  eventually  enter  upon  th«  son, 
for  it  occurred  to  hira  that  an  obsen-er  at  aome  other  station  might  h 
induced  to  do  60  likewise,  and  that  suitable  data  would  thereby  be  obtained 
for  determining  the  parallax  of  the  planet..  A  little  afterwards,  when  the 
BUtt  again  became  visible,  ho  measured  anew  the  distance  of  the  spot  fwifl 
the  centre  of  the  imagei  and  was  surprised  to  find  that  it  had  considemUf 
ificreased  during  the  intermediate  iuterral.  From  its  rapid  motion,  be 
felt  asanred  that  it  could  not  be  one  of  those  ordinary  spots  that  oppw 
from  time  to  time  on  the  surface  of  the  sun,  and  he  now  began  to  enter- 
tain some  suspicion  of  its  real  nature,  but  still  he  could  not  persuade  hia- 
self  that  it  was  Mercury,  so  much  was  his  mind  pre-occupied  with  the  idet 
that  the  planet  would  exhibit  a  larger  apparent  magnitude.  While  be 
was  pondering  whether  he  had  not  made  a  miatako  in  his  first  measurt- 
ment,  the  sun  shone  forth,  whereu|>on,  having  again  ascertained  th£  posi- 
tion of  the  spot,  he  fouud  it^  distauce  from  the  centre  to  be  ereit  gre^tr 
than  on  the  previous  occasion.  He  now  concluded  without  hesitation,  that 
it  was  in  reality  the  planet  which  the  black  spot  represeuted.  He  there- 
fore immediately  gave  the  preconcerted  signal  to  his  assistant  in  tlie 
chamber  above  him,  but  unfortunately  he  had  abandoned  his  post,  iiid 
for  some  time  could  not  be  found.  He  returned,  however,  before  the  plan*! 
had  gone  oil"  the  sun,  and  made  the  necessary  observations- 

Ga9seudi  states  that  the  planet,  as  seen  depicted  on  the  solar  im:i0^ 
was  somewhat  diluted,  and  of  a  ruddy  colour  around  the  margin.  Its 
diameter  seemed  to  be  equal  to  about  two-tlurds  of  the  interval  betw^n 
two  consecutive  points  of  the  diameter  of  the  image.  The  apparent 
diameter  of  the  planet  was  therefore  only  SO''.  This  was  far  below  the 
angular  magnituao  which  astronomers  usually  assigned  to  it. 

The  planet  had  nearly  gone  off  the  suu  when  Gassendi  first  saw  it 
From  its  obser>-ed  niotion  during  the  short  interval  of  its  visibility,  he 
calculated  that  it  had  entered  upon  tbe  sun's  disk  at  5^  SS"*  a.ii.»  aud 
that  its  final  egress  took  place  at  lO*"  38"  a.m.  Tbe  transit  had  therefore 
lasted  five  hours  precisely.  By  reducing  the  calculations  of  Kepler  to  the 
meridian  of  Pans,  he  found  that  the  observed  time  of  the  transit  was  ia 
advance  of  the  computed  time  by  4'*  49™  30». 

Tlie  transit  of  Mercury  observed  by  Gassendi,  took  place  when  the 
planet  was  passing  through  the  ascending  uode  of  its  orbit,     The  Becood 
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Pof  the  satne  planet  tlmt  was  actually  observed,  liappetied  on  Novem- 
''11151.  On  this  occasion  also  the  planet  wa.'i  passing  through  its 
fts6endiug  tiodo*.  The  phenomeuon  was  observed  at  Surat  in  Jndia,  hy 
Sliakerley,  a  young  Englishman,  who,  having  found  by  calculation  that  it 
would  be  TisiUe  only  ia  Asia,  proceeded  to  India  for  the  express  purpose 
«f  witnessing  its  occurrencef . 

The  third  transit  of  Mercury  recorded  by  aetroiiomers,  happened  on 
tJM  3rd  of  May,  1G61-  Heveliug,  who  observed  it  at  Dantzic,  wasaato- 
ttnhed  to  find  that  the  apparent  diameter  of  the  planet  ^as  so  small. 
We  bave  seen  that  Gassendi  estimated  it  to  l^  equal  to  SO" ;  Hevelius 
imde  its  greatest  value  to  amount  only  to  13'",  and  the  mean  value  to 
8"  3"'*.  These  results  agree  very  nearly  with  the  modern  determinations 
of  the  apparent  magnitude  of  the  planet.  The  same  tranisit  was  observed 
at  London  by  Huyghons,  Street,  and  Mercatorf. 

The  fourth,  transit  of  Mercury  that  is  recorded  to  have  been  observed, 
was  that  of  November  7,  1677.  It  was  witnessed  by  Halley  at  St. 
Helena,  where  be  was  then  residing,  as  well  ag  by  several  persons  in 
Europe .  Halley  was  the  iirst  who  observed  both  the  ingress  and  egresa 
of  the  planet. 

The  transits  of  Mercury  that  have  been  subsequently  obsen'ed,  are 
dnefly  interesting  on  act-ounl  of  the  indications  they  sfford  of  the  accuracy 
«f  the  existing  tables  of  the  planet.  With  respect  to  the  physical  pheno- 
toraa  accompanying  such  occurrencea,  they  are  not  of  such  importance  as 
might  be  expected.  It  is  only  on  a  few  rare  occasions,  indeed,  that  any 
peculiarity  worthy  of  notice  has  been  seen.  In  each  of  such  instances, 
ihe  phenomenon  is  manifestly  referrible  to  some  optical  illusion,  A  brief 
description  of  the  appearances  observed  during  two  or  three  transits  of  Uie 
pkiMt  will  serve  to  confirm  the  truth  of  this  remark. 

In  ftn  account  of  the  tmnsit  of  Mercury  which  happened  on  the  6tli  of 
M*y,  1755.  M.  De  Barros,  a  Portuguese,  who  witnessed  the  phenomenon 
at  Paris,  states  that  when  the  planet  was  about  to  leave  the  sun's  disk,  ho 
perceived  the  interior  contact  through  a  green  glass  placed  before  the 
tiDokedgla-ss  of  his  telescope  (which  was  an  ejtcellent  Gregorian  reflector,  four 
feet  long),  and  that  immediately  afterwards,  viemng  the  planet  through  the 
smoked  glass  alone,  ho  found  that  a  small  thread  of  light  was  still  visible 
between  the  limbs  of  the  two  bodies,  A  second  interior  contact  of  the 
planet  was  therefore  observed  at  the  commencement  of  tho  egress,  which 
did  not  take  place  till  four  seconds  after  the  first  contact.  A  similar  ap^ 
peannce  presented  itself  at  the  completion  of  the  egress.  The  exterior 
coatACt  was  first  ob9er%'ed  by  means  of  the  two  glasses;  but  upon  removing 
the  grt«n  glass,  the  planet  was  again  brought  upon  the  sun  s  disk,  and  did 
W3i  go  off  until  six  or  seven  seconds  aftenvardsfl. 

The  phenomena  above  referred  to  are,  in  all  probability,  connected  with 
the  irradiation  of  light.     It  has  been  already  mentioned  that  the  colour  of 

■  The  iraoiilfi  ot  Afcrcury  happen  necessarily,  from  the  heliocetitnc  position  of  i(i 
oodoi,  dwap  in  May  or  November.  'When  the  Iransit  takes  place  in  Ms^,  the  planet  a 
MBin)!  tbrough  the  deicending  node  of  tU  orbit.  The  (Xicurrencc  of  tlic  U'^iiuil  in 
NiTtember  indicates  (he  po&soKe  rif  the  planet  tlirough  the  asetntHi^  node, 

f  Wing;  Aitnmomia  Srilanmca,  p,  342. 

*  (^  Mie^earitu  in  Sale  Vis\is."     Gcdan,  \%Q%  p,  92. 

I  Wio^  Aj^nrntmiin  Bvitnnnica,  p.  012.  This  transit  happened  on  the  day  of  the 
mnNMiliioa  of  Charles  1 1.  The  obscrvatTons  of  E-iuyghens  nnd  liig  comftatiiona  arc  raid  by 
M''iii<:  to  haTcbecn  nmrte  at  Long  Acre,  wllha  telescope  of  ekcellcnt  workmaiuliip. 

I  PhiL  Traai.,  17j3.  p.  362.  
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the  glass  emplojed  in  viewing  a  luminous  object,  eierciflde  a  paterial  hk 
flueuoe  on  tlis  enlargement  arising  from  this  cAme.  Th«  ob«Brf«tim  if 
De  Barron  vaA  called  in  quostioij  by  several  of  his  contemporeriett  tal 
when  the  eiiti'dordinnry  phenomena  of  a  similar  nature  witne^ed  in  aon 
recent  times  are  taken  into  ooiiBideration,  there  seems  uq  reasoii  to  dottbt 
the  authenticity  of  bis  statement. 

Plantsdd  remarked  tlmt,  during  the  traDBit  of  1736,  the  disk  of  ||<*r- 
curj',  when  projected  upon  tha  buu,  appeared  to  be  eurraimded  bj  a  load* 
nous  ring-  A  similar  phenooienon  has  been  vUnesaed  during  ievtnl 
Bubsequent  transits.  MM<  Schroeter  and  Harding,  'who  oUieir^'ed  it  oa 
the  occasion  of  the  transit  of  I7t)9f  describe  it  as  a  nebuloui  ring  of* 
dark  tinge  approaching  to  violet  colour*.  A  ring  agreeing  with  thOi. 
description  was  noticed  by  Dr.  MolK  of  Utreebt,  daring  the  HVittit  of 
I832i.  On  the  other  hatid,  many  persons  who  observed  the  Iraufiits  abort 
mentioued)  did  not  perceive  any  indications  of  a  ring  around  tlie  planat,  nur 
have  the  obaen'ationa  of  more  recent  transits  of  the  planet  eer^'^d  lo  ooom 
firm  the  exiaienco  of  each  a  phenomenon.  It  is  therefor©  very  probtbJf 
a  Epurious  appearance  depending  upon  aome  optical  cauao. 

A  curious  phenomenon  noticed  by  Schroctt^r  and  Harding  ou  thflfloaMJai 
of  tlie  transit  of  Mercury  which  occurred  May  7,  nJifl,  oonaisled  in  th« 
appearance  of  two  small  spots  of  a  greyish  colour  on  the  disk  of  thi 
planet^,  A  similar  phenomenon  wjis  wiuieesed  by  Dr«  MoU  duriog  th« 
transit  of  183*3,  e?[cept  that  in  this  instance  only  one  spot  was  visibki 
During  the  transit  of  1348,  a  epot  wsa  also  seen  on  tho  planets  diAk  If 
the  Bev.  J.  B.  lieade  and  Mr.  Dell.  It  iB  described  oji  a  greyish  not, 
Bhading  oJf  indellnitoly  on  all  sides  from  the  centre  J.  It  appoarfi  iW 
from,  a  statement  made  by  Captain  Sir  Edward  Ueklior,  K.>«.,  to  PiW. 
Powell,  that  it  visa  seen  in  Sir  JamoH  South  s  great  refraotuig  idtOMrpi. 
tha  aperture  of  which  (1 1*05  inohos)  had  b4&»  reduced  htf  a  4iAfikf$if» ' 
outsiiU  to  3  inchest. 

Prof,  Powell  has  proposed  an  iogenioua  explanation  of  the  aboT«-^e«f 
tioned  phenomenon,  founded  upon  the  principle  oftbe  diHrac(ion  of  iighi'». 
It  is  a  consequence  naturally  flowing  from  the  theory  of  the  didraciton  d 
the  object  glass  of  a  telescope,  as  eiiplaiticd  by  Mr,  Airy,  that  n  dinalt 
opaque  disk,  projected  upon  a  lumtnotia  surface,  should  not  only  undMgO 
a  diminution  of  apparent  magnitude,  but  should  al^o  exhibit  une  or  novi' 
brigbt  concentric  rings  in  tho  interior,  and  if  the  didU  be  very  tnoall,  itil 
not  difhcult  to  conceive  that  the  rings  might  coudense  into  a  bright  cptf 
in  the  centre.  Prof,  Powell  verified  tliis  result  e\pori mentally,  by  vi««ui| 
a  small  opaque  disk,  on  a  ground  glass,  strangly  illuminated  I'n^bind,  will 
a  telescope  having  its  aperture  reduced  to  one- fourth  uf  an  i  ^  tikis 

the  disk  lie  distincily  perceived  a  ring  concentric  with  it,  wh;    i  >cUA 

into  a  spot  in  tho  oentre  when  tbo  dti^k  was  very  amolh 

Nothing  can  bo  more  satisfactory  than  the  Bgreemaut  tietvMa  ik 
result  of  iho  above-mentioned  eitperiment  and  the  phc-nomenon  nbsenfJ 
daring  ihe  transit  of  \«'iS.  So  far  the  explanation  of  Prof.  Powall  if 
pears  to  be  unexcepiionnble.  Unfortunately,  the  same  d^gtM  ol  ecn- 
Biateney  does  not  present  itself  when  Um  question  relateit  to  tan  fhcmtnat 
non  of  a  similar  nature  witnessed  on  previous  octsaBtooa  of  tlio  traiubt  of 
Mercury.     Thus,  although  Dr.  Moll  saw  a  small  apot  on  th«i  dUk  of  tk 

*  Mem.  Ait  Soc.,  vd.  vi.  p..  I  IB,  f  Ibtd.  X  lbi'> 

I  HihL  If  Monilily  PM&  A^  Soc^  vol.  ix^  p.  fli. 

f  Mem.  Alt.  Soc,  vol  xviii.,  p.  68.  *•  Ibid,  p.  H7. 


-mSfORT  or  FHWlDitX'  AST^dlfOIIT. 


4ia 


planet  daring  tlie  transit  of  1839,  it  is  quite  clear  fmm  the  drawing  he  has 
gi*en  of  its  ^wsitioii.  as  tt-ell  aa  from  the  terma  in  wbiuH  he  alludes  tn  k, 
th»t  it  was  not  situate  in  tlie  centre  of  the  disk.  The  explanatiou  of  Prof. 
Powell,  however,  requires  tliiit  the  spot  should  be  tscacthj  in  the  cenlrt. 
AgaJn.  we  have  seen  that,  on  the  otw^afiion  of  the  transit  of  1709,  two  spots 
were  seen  on  the  disk  of  the  plauet,  hut,  ficoordtng  to  the  diffraction  tbeorj, 
there  should  bd  ^nly  on?  visible.  It  is  manilost  that  the  obBervatiana  of 
fmiure  tiunsitfi  of  tkd  planet  can  alone  throw  additional  light  upon  the 
soluect. 

Ou  the  occMion  of  the  traasii  of  Mercury  in  November.  IS4S.  the  limb 
of  the  planet  was  seen  by  oue  of  tUe  ohservere  at  Greenwich  to  he  con- 
nected for  some  time  with  the  sun's  limb  hy  black  linefi.  slmilur  to  those 
noticed  by  Mr.  Baily  during  the  annular  eclipse  of  183G.  It  la  worthj 
of  remark,  however,  that  although  seven  other  indJviduali  observed  the 
tmngit  with  separate  telescopes,  no  such  pheuoTnenon  was  seen  hj  either 
of  them*.  These  dark  lines  Bcem  much  more  ditlieult  la  explain  than 
either  the  dark  ligament  or  the  protuberance  obsorvable  when  the  moon 
or  planet  appears  upon  the  eolar  disk  whoUj  detached  from  the  aun's 
iimbf. 

The  Iranaiti  of  Venua  acroBS  tlie  stin's  disk  are  phenomena  of  much 
rarer  occurrence  than  those  of  Mercury.  It  has  been  already  mentioned, 
that  in  ID'JS,  Kepler  predicted  the  i>ccurrence  of  a  transit  of  this  planet 
on  Dec.  6,  1631.  According  to  hia.  calculation,  it  appeared  that  the  planet 
votiid  not  enter  upon  the  etin'a  disk  till  towards  sunset ;  it  was  not  im- 
probable,  therefore,  that  the  phenomenon  would  bo  altogether  invitiible  in 
Earope.  Gassendi,  however,  was  not  without  hopes  that  in  the  present 
instance,  as  bad  previously  happened  with  respect  to  Mercury,  there  might 
b«  a  considerable  error  in  the  calculated  result,  and  that  in  reality  the 
planet  would  begin  to  be  visible  on  tlie  sun  a  disk  several  hours  earlier 
than  iho  time  assigned  by  the  tables.  He  accordintjly  made  arrangements 
to  oh^er^e  the  trandt  druilai'  to  those  wliich  ho  had  employed  so  leiucQess' 
fully  in  the  previous  month  ou  the  occasion  of  the  transit  of  Mercury. 
He  has  given  an  account  of  his  fruitless  observations  on  this  occasion  in 
a  Mcond  letter  to  Bchickhard,  He  intended  to  watch  the  appearance  of  the 
sun  on  the  4th  and  Tith  of  the  month,  hut  an  impetuous  storm  of  wind 
and  rain  rendered  the  faee  of  the  heavens  invi3ible  on  both  of  those  days. 
On  the  OtSi  he  continued  to  obtain  occaidonal  glimpses  of  the  sun,  till  a 
little  pa'^t  three  o'clock  in  the  afternoon,  but  no  indication  of  the  planet 

rl  be  diecemed  upon  his  disk  as  depicted  upon  the  wbit«  circle.  On 
7th,  he  saw  the  aun  during  the  whole  forenoon,  but  he  looked  in 
▼lin  for  any  trace  of  the  plnnet.  It  is  now  well  known  that  the  tmnait 
of  the  planet  took  place  during  tlie  night  between  iho  0th  and  7th  of 
December  I. 

U  lias  been  mentioned  that  Kepler  had  annouuced  that,  after  the  transit 
«f  lC3t.  Venus  would  not  again  he  seen  npon  the  sun's  disk  previoua  to 
the  year  1701,    Astronomem  were  therefore  under  the  improsaion,  after 

•   Monthly  Pmc.  Art,  8oc.,  vnl.  It.,  p.  60. 

+  Df.  Foster,  who  observed  this  tmnsU  .it  Brugea,  ilatcs  tliat  the  planet,  wbon  seen  on 
the  tun,  hod  nihcr  fhe  appcamnce  of  a  globt  iban  a  disk.  (Monildif  I'rcc.  Ait.  Soc.,  vol 
ii..  p  4.>  A  iimiliir  remark  ha^  Lteen  made  on  the  oceaaioii  of  eolar  ccljp«!S,  *ce  p.  -Wl, 
(AW>. 

|i  The  two  1«<te»  of  Oassendi  to  Schickhiud  reopertlng  the  tmnrita  of  Merpury  nnd  Venui 
«ne  pubbtbed  under  (he  title  of  "Mercuriiu  in  Sok  Visu»  et  Vcniu  Inriia."  (Open 
QouuSf  toncu  ir.,  p.  537,  et  seq,) 
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tho  fnilure  of  Gasi^udi's  flltempt  to  obtain  ft  view  of  tlie  pknol  dariiif^  the 
transit  of  1031,  that  the  exiating  generation  of  the  human  race  would  long 
have  passed  away  boforo  another  occasion  would  present  itself  of  observing 
a  phenomenon  of  so  interesting  a  nature.  In  the  year  1639,  however,  tlie 
planet  passed  sgiiin  over  the  snn  s  disk.  On  this  oc<^isiou  the  tnssit 
took  place  unknown  to  any  person  living,  with  the  exception  of  two  id- 
dividual 8  who  etyoyed  the  gratification  of  witnessing  the  phenomenon. 
The  fortnnate  obsen'ers  were  Jeremiah  Horroeka  and  William  Crabtiw, 
two  young  men  residing  in  the  north  of  England,  devoted  enthuslaslicaltf 
to  the  study  of  astronomy,  Horroeks  lias  given  an  account  of  the  transit 
of  the  pknct,  as  seen  by  himself  and  bis  friend  Crabtree,  in  an  interesting 
little  dissertation  on  the  subject  entitled  '*  Venus  in  Sole  visa."  He  hi 
been  engaged  in  calculating  the  places  of  the  planets  by  means  of 
Lansbcrg'a  tables,  which  their  nuthor  had  boasted  to  be  unequalled  h 
point  of  accuracy ;  but,  on  comparing  the  results  with  obgervntinn,  he  in* 
mortified  to  find  that  the  discordances  were  of  such  magnitude,  as  lo 
render  his  labours  almost  of  no  value,  Thjg  circumstauce  calla  forth  tlie 
indignation  of  the  young  astronomer,  who  contrasts  the  turaid  ant^ancs'  *!" 
the  Belgian  calculator  with  tho  unobtriisiT'e  merits  of  the  illustrious  Kep- 
ler. I*an?iberg,  with  as  little  modesty  as  truth,  had  vauniiugly  cited  the 
words  of  the  lloman  poet, — 

"  Qujuitum  lepla  aolent  inter  vibum&  crupresi," 

as  aiTording  a  just  idea  of  the  superiority  of  his  tables  over  all  other  ei- 
iating  labours  of  a  similar  kind,  Horrocks  remarks ,  that  however  inap- 
propriate the  simile  of  the  poet  may  he  when  so  applied,  it  may  be  o^ 
very  justly  to  represent  the  surpassing  eitcellence  of  the  Kudalpbine 
Tables.  Indeed,  there  could  not  be  wanted  a  clearer  indication  of  iJie 
genius  of  Horrocks  than  is  afforded  by  the  intuitive  sagacity  with  which 
he  seema  to  appreciate  the  value  of  Kepler's  discoveries;  for  it  is  to  Le 
home  in  mind  that  the  prejudices  in  favour  of  the  ancient  system  of  as* 
tronomy  had  not  yet  been  wholly  eradicated  from  men's  iniuds*. 

It  is  a  curious  fact,  however,  that  tho  tables  of  Lansbeig,  hovrever 
erroneous,  were  instrumental  in  revealing  to  Horrocks  the  interesting  iirt 
that  Venus  wtrnld  pass  over  the  sun's  disk  in  the  month  of  December, 
1030.  lie  had  found  that  Kepler's  tables  displaced  the  planet  in  lati- 
tude  about  8'  towards  the  south,  while  on  the  other  hand  the  tables  of 
Lansberg  indicated  a  much  larger  error  in  the  opposite  direction.  Daring 
its  conjunction  with  the  sun  in  December,  1039,  the  planet  appeared  \>j 
Kepler's  tables  to  pass  a  littlo  hcfow  the  sun,  while,  on  the  other  hand, 
those  of  Lansberg  brought  it  upon  the  upper  part  of  his  disk.  He  SBS- 
pected,  therefore,  that  tho  planet  would  actually  pass  over  the  solar  disk 
towards  its  lower  extremity,  and  a  more  complete  investigation  of  theeu!^ 
jcct  assured  him  of  the  accuracy  of  his  Burmise.  By  an  exact  calculation 
of  the  lime  of  conjunctioD,  he  found,  in  fact,  that  the  planet  would  enter 
upon  the  solnr  disk  on  the  24th  of  November,  0,S.,  I03fl,  a  little  befort 
sunset.  Owing  to  (he  shortness  of  the  interval  that  was  to  elapse  pre- 
vious to  tho  actual  occurronco  of  the  transit,  be  was  unable  to  announce 
with  sufficient  publicity  the  interesting  result  at  which  he  arrived,  so  ts 

*  Monlndd  states,  that  RiccioU,  Boui  IJaud,  an  J  mnny  otLer  cefcbratcd  (uU«i»{niieH,  «h<i 
woro  coQternporary  nitfi  ihem,  read  Kepler's  warL^  wilfaou I  comprelimding  tbem,  (JSSf* 
toire  det  Mathimatiquea,  lorn,  ii,,  p.  2M.) 
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t«  toduce  tistroiioniers  generally  to  obsei've  the  phenomenon.  lie  did  not 
ikil,  however,  to  acquRint  his  friend  Crabtree,  wlia  lived  in  the  iieighbour- 
hood  of  MaucLester,  with  the  njiproachiiig  trnrisitt  and  accordinglj'  these 
ti«fo  individiuLb  tuado  Buiialle  preparalioiiB,  each  at  bis  oivn  residence,  to 
observe  its  occurrence. 

HaiTocks  employed  a  mode  of  observation  similar  to  thnt  practised  by 
Gugsendi  ou  the  occasion  of  the  transit  of  Mercury  in  1031,  as  already 
explained.  He  divided  tho  tUanieter  of  the  wliita  circle  upon  which  he 
received  the  ima^^e  of  the  buti  into  fit)  ]>ttrts,  and  each  of  these  into  4 
smaller  parts,  so  that  by  supposing  tho  apparent  diatneier  of  the  i^ua  to 
be  30',  each  of  the  more  minute  subdivisions  would  represent  an  apparent 
magnitude  of  15".  After  rectifying  the  motion  of  the  planet,  he  found 
that  its  conjunction  would  not  take  place  before  three  o'clock  in  the  after^ 
noon  of  the  2-lth  of  November.  However,  aa  all  the  tables  of  the  planet 
indicttted  the  conjunction  to  be  earlier — some  of  them  even  made  it  to  take 
pliee  on  the  '^3rd— he  did  not  consider  it  prudent  to  trust  too  implicitly 
tahis  own  calculations.  He  therefore  did  not  omit  to  examine  attentively 
the  image  of  the  sun  from  time  to  time  on  the  si3rd. 

On  the  ^-Ith  he  condnued  to  observe  the  solar  image  from  sunrise  till 
the  hour  appointed  for  going  to  church*,  Dttriug  all  this  time,  he  saw 
nathing  upon  the  sun  except  an  ordinary  spot  of  small  dimensions  which 
he  liad  noticed  on  the  preceding  days,  and  which  could  not,  therefore,  ho 
Venus.  At  a  quarter  past  three  o'clock  in  the  afternoon,  as  soon  as  ho 
»»s  again  at  leisure,  he  proceeded  to  resume  hia  obser^'ationB.  "  At  this 
time.'' says  he,  "nn  openhig  in  the  clouds,  which  rendered  the  sun  dis- 
ticllj  visible,  eeemed  a-s  if  divine  Prorideiico  encouraged  my  aspirations, 
«4m.  Oh  mo»t  gratifying  tj^eclacle!  tfie  object  of  m  ffiani/  earnrnt  tri3hex\, 
i pgrceh^  a  nevs  spat  ofnnm^itat  mnffnitude,  and  of  a  perfecthj  round fonrt^ 
^iat  had  just  v^hoUtj  entered  upon  the  left  Umb  of  the  smi,  so  that  the  mar~ 
pm9  of  the  gun  and  the  apot  coincided  \cilh  each  othtr^  forming  the  amjle  of 
contact.'*  The  planet,  in  fact,  had  then  entered  upon  the  eastern  limb  of 
the  film,  at  the  distance  of  02°  30'  from  the  lower  extremity  of  the  vertical 
diameter  of  hia  disk.  By  a  careful  comparison  of  the  relative  magnitudes 
of  the  image  and  the  round  spot  visible  upon  it,  he  concluded  their 
diameters  tu  he  in  the  proportion  of  30  to  1  j^  or  1^  at  the  utmost.  The 
apparent  diameter  of  the  planet  did  not  therefore  exceed  1'  l!^". 

Owing  to  the  near  approach  of  ijunset,  Horrocks  was  unable  to  observe 
the  planet  longer  than  half  an  hour.  During  this  brief  interval,  he  mea*- 
»ured  its  distance  from  the  sun  three  dilferent  times.  His  observations 
«f  the  phenomenon  were  made  at  Hoole,  a  small  village  in  Lancashire, 
•bout  fifteen  miles  to  the  north  of  Liverpool. 

Crabtree,  who  resided  at  Broughton  near  Manchester,  had  made  fir- 
mngeraents  for  observing  the  transit  similar  to  those  employed  by  Hor- 
roelu.  The  sky,  however,  ntifortunately  continued  overcast  during  tho 
whole  day,  ttad  he  had  abandoned  all  hopea  of  witnei^sing  the  phenomenon, 
when,  just  a  little  before  disappearing  below  the  horizon,  the  sun  burst 
through  the  clouds.  Kc pairing  immediately  to  the  chamber  in  which  lie 
hill  made  preparations  to  receive  the  image  of  the  sun,  he  beheld,  to  hiii 

•  The  wnnls  of  Horrookii  on  lliis  rvcciisjon,  "admaJDm  avocaitit  qva  tiHgmob  JS*c 
ptrtrga  tu^tigi  rum  dtcuit,"  inainfe«tly  Have  reference  to  rctigidUs  dutiizs,  and  Ihu  in- 
Imtmce  !•  further  confiriacd  by  tlic  fact  that  the  24lh  of  Navcmbcr,  1G39,  fcJI  upon 
8MMla)t»  33i  will  be  ap[taFent  to  any  pcrsrin  by  a  nVifihl  comjiuralion. 

*  "  Ecec  grailssiniunx  rpccliiculum  cl  lot  votDriitu  iDaterknij" 
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uuspeakxible  deliglit^tho  round  black  tpot  representing  the  plaoet  depict'ji 
upon  tlio  wliiLo  circle.  According  to  Horrocka,  he  was  so  cflptivftied  hj 
the  Bpeetade,  thut  he  gaited  upon  it  immovably  for  borae  time,  nud  when 
he  recovered  hiuiself,  llie  clouds  had  again  obscured  the  sun,  sh  that  he 
was  unable  to  make  any  accural  o  meosureraents.  lie,  however,  drem 
diagram  of  the  poaiuon  of  the  planet,  which  Hon-ucks  found  to  tupv^ 
GXactly  with  lu9  own  observation  a.  Ho  estiranted  tho  diarueier  of  tba 
planet  at  ^^,itbs  of  the  solar  diameter,  or  about  V  ■}",  sUppoiiog  tiitll 
Horrocka  that  the  latter  was  equal  to  3u'. 

Thus  did  two  young  meti,  cultivating  aatronomj  together  in  a  fttat««f 
altnoBt  complelo  eecliiainn  in  one  of  the  northern  counties  of  Englftiul, 
#^oj  the  privilege  of  witnessing  a  phenomenon  which  human  eyes  h>d 
aevflt  before  beheld,  and  which  no  one  was  destined  again  to  see  until 
more  thttn  a  hundi-ed  years  had  passed  awiiy*,  Unforitmately,  a  pren** 
tUlTB  death  deprived  iheir  country  of  the  two  individuals  who  extuliHid 
aileh  enthusiasm  in  the  cau&o  of  science.  Ilorrooka  was  a  young  tn*a  of 
estmordinftry  genius,  whoso  nani'e  would  aaaui-edly  have  formed  a  h(»n«*- 
hold  word  to  future  genenitions,  if  his  ctireer  had  not  been  so  soon  binught 
to  a  close.  It  mtiy  [terhapa  not  be  unintcreating  to  mention  somo  of  the 
four  facts  which  arc  known  respecting  the  two  youthful  astronomers, 

JerDmiidi  Horroi^ks  waa  born  at  Toxteth,  near  Liverpool,  m  tb»  y«f 
1610,  of  parentft  who  «ppear  to  have  been  in  rather  straitened  circum- 
Btancea,  Having  received  the  mdimenia  of  iastntetioti  at  Ma  naiiTO 
plaoe,  he  subsequently  completed  his  education  at  Emmanuel  Oolle^i 
CninbridgB.  About  the  year  1033,  he  ecems  to  have  been  first  led  to 
turn  his  attention  to  astronotnical  pursuits.  In  one  of  bis  posthumous 
fragmenta,  he  has  described,  with  alt  the  fervour  of  youthful  entbu&iiMmt» 
tho  state  of  his  feelings  at  thia  time,  and  the  ineana  by  which  he  Mt- 
ceedcd  in  vanqnishing  tlje  ditiiculties  of  hia  position;  for  it  must  b« 
home  in  inind  that,  in  those  days,  there  was  no  branch  either  of  math*- 
maticfil  or  physical  science  taught  at  Cambridge.  "  I  folt  great  deliglit," 
uays  ho,  '*  in  meditating  upon  the  fame  of  the  great  niuistera  of  8cietM»t 
Bucb  aa  Tycho  Brahe  and  Kepler,  and  snught  at  leaat  to  emulate  tkswi 
iu  Diy  aspirations.  J  imagined  that  nothing  could  be  nobler  ibaa  to 
contemplate  the  manifold  wisdom  of  my  Creator  amid  bo  great  a  pP>- 
fusion  of  works;  and  to  behold  the  pVea.*iing  variety  of  the  celestial  lao- 
tious,  the  eclipses  of  the  sun  and  moon,  and  other  phenomena  of  the 
eame  kind,  no  longer  with  the  unmeaning  gaze  of  vulgar  admiration,  lot 
with  a  desift*  to  kitoio  their  causes,  and  to  feed  upon  their  bijaiity  by  a 
closer  inspection  of  their  mcehaniBm."  J  Serious  obFtacIes,  however,  oppo»ad 
themselves  to  the  realisation  of  these  ideas  by  Horrocka.  His  Immbit 
condition  in  life  was  by  no  means  favourable  to  the  tranquil  prosecution 
of  astronomical  researches,     He  had  no  teacher  who  could  gire  him  aaj 

*  Tha  transits  of  Venui  happen  rnvurintily  dlber  in  June  or  DecemLcr.  acef»fdrA|  m 
Ilia  plnriet  is  |Jii»*inf>  thfoilj^h  ihu  ^escanding  or  the  djcwu/t'wv  iioA^  of  its  ftrlMt  Tlie 
jnlenuli  belneen  the  succcjisivc  tinnsiu  counted  in  year*  are — 8,  lOjJ;  8,  121  i; 
8,  I05j| ;  A;c.,  fuc.  Twu  iransilj  of  iKo  planet  at  the  asceti'lmg'  ofHiltf  will  (mppen  in  lA« 
nint'teenth  century,  one  on  Det'..  8,  1874,  mid  anolher  on  Dec^  6,  183'2>  The  Jfan*j«  <** 
J639.  wiines.!K!il  by  HnrrtH'Jis  ,-it)d  Crabinee,  is  the  only  phcnumenon  of  this  kind:  th,>t  Ki* 
been  bilherlo  observed  tt  Ihciitxinding  node. 

t  '*  On  Toit  que  tJorrocbs  ^taJt  jeune  et  enrhouria^le,  mais  ^tte  jeunesn  Bt  ciM 
enihoitniteniei nmioiicaient  un  hooime  rmttiieut  dlstingu^."  (D«lu0bre,  Him  Ant  Moii 
torn,  ti.,  p.  4i>7.) 

?  Opvra  PoitLuma,  p,  2. 


hiBtniction  in  the  elemenU  of  the  science,  nor  even  ei  companion  to  co- 
Qfemte  witb  him  in  his  studies.  Bat  these  disadvantages  did  not  effectUDJly 
dppresa  his  ardour-  He  resolved  to  callivflte  the  science  alooe,  by  the 
Aid  of  £Uch  books  8S  his  limited  tn^aue  could  frum  time  to  time  supplj 
liimwiLh.  About  the  year  1036,  he  at  length  had  the  good  fortujie  ta 
obtain  the  acquaintance  of  Crab  tree,  who  had  alreadj'  b«en  engaged  in 
eiimlar  paisuits^  The  two  joung  friends  corresponded  together  for  several 
tMin  ou  astronomical  subjects,  occaBJonally  oomnaiinieating  with  Bamuel 
Fosler  of  London,  who  ivas  subsequenlly  Professor  of  Astronotuy  in 
GreshaEa  College*.  In  n  letter  dated  October  3,  1640,  Horrocka  stated 
to  bis  frtend  that  he  intended  soon  paying  him  a  visit,  but  he  wished  pre- 
Tjoiislj-  to  brin^  to  9  conchiBiou  his  Ditjseitation  on  the  tmneit  of  Venus. 
Oti  the  I'ith  of  December  following,  he  expressed  in  another  letter  htfl 
regret  that  the  incotislant  state  of  his  alCur»,  and  the  daily  performance  of 
duties  of  a  harassing  nature,  presented  him  aa  long  from  enjoying  the 
padfic»tion  of  a  personal  interview  with  his  friend.  At  length,  on  tha 
IBtb  of  the  same  month,  he  wrote  to  say  that  if  nothing  unusual  should 
prcvetit  him  {uin  quid  jjrater  itmolitum  ijiipediat),  ho  would  he  at  Brough- 
tao  on  the  4th  of  .Tanuaiy.  Alas  1  his  expectations  were  not  destined  to 
he  realised.  Dr.  Wallis  found  on  the  back  of  this  letter  a  statement  in 
Cmbtree  9  own  handwriting  to  the  effect  that  his  dear  friend  Hon'ocUa 
(bed  very  suddenly  on  the  mominf*  of  the  Brd  of  Jannarv,  being  the  very 
day  previous  to  that  on  which  he  intended  to  visit  him.  Cmbtree  survived 
Lis  friend  only  a  very  short  time.  Dr.  Wallia,  in  107iJ,  was  unable  to 
obtain  any  authentic. particulars  respecting  his  deuth.  The  general  belief 
wBSj  that  he  bad  perished  i«  the  olvil  wars  which  soon  afterwards  broke 

OQt. 

AtQlU  the  angry  dio  of  polilical  commotion,  the  na«»e  of  Horrocktt  vras 
ceiB^etely  forgotten,  until  at  length,  a:fter  the  lapso  of  twenty  years,  the 
iBHktiacript  of  his  "  Venus  in  Sole  Visa"  iiaviug  been  shown  to  several 
metftbera  of  tiie  lioyal  Society,  which  lind  just  been  instituted,  a  general 
feeling  of  admiration  was  excited  hy  its  perussl.  and  a  strong  desire  was 
i:xpres3ed  that  it  should  he  published,  Huyghens,  who  happened  to  be 
then  in  London,  was  so  much  struclt  with  the  genius  of  the  youthful 
ftuUjor  of  the  DIsaertation  that  lie  tau^sed  a  copy  of  it  to  bo  taken,  and  tftins- 
mittt^d  it  to  Hevelius,  who  published  it  at  Dantzic  in  Wji'yi,  along  with  hii 
own  "  Merruriua  in  Sole  Visus."  It  does  not  redound  to  the  credit  of 
England*  that  this  exquisite  relic  oF  one  of  her  most  gifted  sons  should 
Iftre  been  allowed  first  to  see  the  light  in  a  foreign  landj-.  Nor  can 
itisfluredly  be  urged,  in  extenuation  of  her  indifference,  that  its  author, 

•  It  ^peari  from  Ward'*  "  LWci  of  the  Profesaora  of  Grcahara  College,"  (iiat  Samuel 
TiMter  comt^leled  hU education  .it  Emmanuct  Colkgc,  Cambridge,  so  ihat  in  alJ  probabUity 
be  WM  ■  ftfltow  student  of  Hoirackg. 

^  in  fcct  it  has  nescr  tince  been  publUheri  anywhere  c!w.  Delaiflbre  espressos  his 
iMoailfalDeiit  at  nut  flndtng  it  tit  the  work  eHlied  by  Wallt«.  A  '^hnrt  {inM!«mtil  to  the 
irnftmi.  bowever,  wetvea  id  expl^tn  tbc  om'n'ium.  It  is  stated  therein  tiijit  FLamfiteed 
wrpofcd  soon  piibliihiiig  a  new  anH  more  (.orrfel  eiiiiion  of  the  tract  "  Venus  in  Sole 
TiB,"  from  a  majmscTijit  in  the  author's  own  Iianilwriting.  It  h  well  known  that  Plam- 
iteH  newer  fulftllfd  the  cKpci^ulion  tlius  ht'ld  out  re/ijiecting  him.  In  Itie  liil  of  MSS. 
of  FtaoiJteed'*.  jireservcd  In  the  Royal  Observatory  *jf  Greenwich,  and  inserted  at  the 
be^Qnior  of  Daily's  "Life  of  riamsteed,"  there  k  mccition  of  a  copy  of  Horroeks' 
"Tesin  in  Solo  Visa."  wlileh,  in  M  probability,  is  the  very  copy  alluded  to  hy  Wallii. 
IfiOOfa  be  the  case,  it  would  be  only  pnying  a  just  tribute  to  the  memory  of  the  author  to 
fMSA  it  Delambre  slates  that  the  work  of  Hcveliua,  in  which  it  originiilly  appeared, 
n  now  esoeaivdj^  we. 
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leas  fortunate  than  some  of  his  euecessors,  was  struck  down  by  tbe  m* 
morsetesa  arm  of  dealh  at  the  very  commencement  of  his  brilliant  career. 
Having  thus  been  made  acquainted  with  the  loss  which  their  counliy 
had  austained  from  the  premature  death  of  Horrocks,  the  Rojal  Soclctt 
took  steps,  to  collect  tugelher  ull  the  memorials  respecting  himself  mi 
'bis  friend  Cmhtree,  which  might  still  be  in  existence,  with  a  view  to  their 
publication.  It  was  found  that  much  of  what  Homocks  had  written  na 
irrecoverably  lost.  Some  of  hia  papers,  which,  for  greater  security,  bsd 
been  kept  in  a  secret  place  during  the  civil  wars,  were  burned  bfy  a 
party  of  aoldiera  who  entered  his  father's  house  in  quest  of  plunder. 
Some  were  carried  to  Ireland  by  his  brother,  who  died  there  aud  waa  no 
more  heard  of.  Another  portion,  which  had  been  deposited  in  a  book- 
seller's shop  in  London,  was  destroyed  during  tbe  great  fire  of  IGOW,  Tlio 
task  of  editing  all  the  remaining  fragraeota  that  could  be  procured  nvai 
committed  to  Dr.  WbIUs,  who  was  then  Savilian  professor  of  geomeuy 
iu  the  University  of  Oxford.  Thoy  were  finally  published  at  Loudon,  in 
the  year  1072,  under  the  title  of  "  Jeremite  Horroccii  Opera  Posthumft  " 
They  consist  of  a  defence  of  the  Keplcrian  astronomy,  a  selection  of  letters 
from  Horrocks  to  Cmbtree,  astronomical  obser^*ations  of  the  two  frieadi, 
ftnd  an  exposition  of  the  lunar  theorj'  of  Horrocka  by  Flamsleed.    In  ihts 

Ereface  to  the  work.  Dr.  Wnllig  has  mentioned  such  facts  aa  came  to  bi* 
nowietlge  respecting  the  life  of  Ilorrocks.  nor  has  he  failed  to  allude,  in 
terms  of  burning  indignation,  to  the  apathy  with  which  for  more  iii^ 
twenty  years  the  manuscripts  of  the  youdiful  astronomer  were  regarded 
by  Ilia  countrymen*.  It  must  be  acknowledged,  hovrever,  that  thiQ  aot 
of  reparation  which  was  finally  elTected  furmB  a  bright  episode  in  tbt 
^u'ly  history  of  the  Royal  Society,  and  that  throughout  all  the  proceeding! 
connected  with  the  execution  of  the  task  assigned  to  him,  Dr.  Walli^i  ev 
hihited  a  spirit  of  disinterestedneBS  and  zeal  which  reflects  the  highest 
honoar  on  his  character  f. 

When  the  early  death  of  Horrocks  is  considered,  his  posthumoiiB 
fragmeuts  may  he.  readily  supposed  to  derive  their  interest  rather  from 
the  indications  they  afford  of  what  might  have  beeu  eicpeeted  from  bim 
if  a  longer  terra  of  life  had  been  granted  to  him,  than  from  any  positive 
influence  which  they  were  calculated  to  exercise  on  the  progress  of 
physical  science.  In  tbe  lunar  theory,  however,  he  effected  an  im- 
provemoiit  which  would  alone  suffice  to  obtain  for  litra  an  imperishable 
reputation.  His  beautiful  explanation  of  the  inequality  in  the  moou's 
longitude,  termed  the  evection,  by  means  of  a  libratory  motion  of  the 
apsides  and  a  variable  eccentricity,  was  the  lost  great  step  made  in  Uie 
development  of  the  laws  of  the  plauetarj*  movements  previous  to  the 
establishment  of  the  theorj'  of  gravitation  by  Newton  ;  and  ther©  can  be 
little  doubt  that  it  afforded  material  aid  to  that  philosopher  in  hia  expo- 
sition of  the  general  principles  of  perturbaiion  as  detailed  by  him  in  the 
sktyasxth  proposition  of  the  first  book  of  the  "  Principia  '"  aud  its  &iDoas 
corollaries.    Horrocks  Ima  thus  won  for  himself  a  platf^  among  those  greit 

•  "Nun  pomum,  inquam,  noti  indignari,  pretioaum  hoe  spcctaciilum  (  Wuus  in  Safe 
Vim)  nuflo  nuro  red i mend um,  dewriptum,  prt-loquc  paratutn,  delUuisav  per  annoa  intf^nt 
vigiDli  duo;  nem  mem  CIVIC  inferea  ri?|>cmim  esse,  qui  lam  bplJarei  patris  monui  fvotiriii 
Buscipcrcf,  qui  rem  tanii  ad  iM^troroiniatn  mnmriiti  in  luccm  mitieret,  qui  tiostm  g^nli* 
famtE,  vol  omnium  coramydo,  catL-nu!»  inucnSret," 

■(■  The  flccuuitt  of  iht-  varioii*  prot^ivdinga  connected  willi  this  mailer  t*iU  be 
ticittertid  tlirougf)  the  fint  two  ToLumca  of  Dij-ch's  "  History  of  ihe  Rtijul  Society." 
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men  wlio,  from  Hipparclms  downwards,  by  their  successive  efforts,  esta- 
btished  ihe  fiuidameutal  facta  relative  to  the  movements  of  the  planets 
mtbout  reference  to  their  physical  cause. 

Although  the  posthumous  worka  of  Horrocks  can  only  he  regarded  as 
mere  fragrnents.  their  peru&al  cannot  fail  to  excite  a  feeling  of  deep 
re^t  that  astronomy  waa  bo  soon  deprived  of  the  benefit  of  his  labours. 
It  would  be  iucousist^nt  vtith  the  object  of  this  work  to  attempt  a  com' 
plete  analysis  of  their  contents,  but  a  glance  over  some  of  his  lettei'a  to 
Ciubtree  may  serve  to  confirm  the  truth  of  Debmbre's  remark,  that  if  their 
author  had  lived  he  would  have  proved  liimself  the  worthy  successor  uf 
Kepler.  These  letters  were  written  originally  in  English,  but  were 
translated  into  Liatin  hy  Dr.  Wallis. 

In  a  letter  dated  November  3:3,  1637,  Horrocks  states  that  he  bad  re- 
crotlj  spent  some  time  in  meditating  upon  the  physical  principle  in  virtue 
of  trhich  the  planets  revolve  in  oval  orbits.  "  Kepler,"  says  he,  "  attri- 
butes their  movements  te  the  action  of  magnetic  fibres,  but  I  entertain 
&erious  objections  to  ibis  hypothesis.  It  appears  to  me,  however,  that  I 
imve  fallen  upon  the  true  theory,  and  that  it  admits  of  being  illustrated 
b/ means  of  natural  movements  on  the  surface  of  the  earth, /or  n/i^ tire 
ftery  It  here  acts  according  to  a  unijonn  plan.,  and  the  harmony  of  creattott 
u  tueh  th^t  small  thuigs  corvatitvUe  a  faithful  type  of  greater  things.'" 

In  a  letter  dated  July  35,  1638,  he  ascribes  the  motion  of  the  lunar 
■pddes  to  the  dUturhlng  force  of  the  &un.  This  very  renuirkable  idea  of  a 
perturbatiTe  influence,  exercised  by  tht*  various  bodiee  of  the  planetary  sys- 
tem upon  each  other,  had  not  yet  l>een  sugges'ted  by  any  plulosopher.  The 
rinnimstance  of  itij  being  perfectly  true  in  the  particular  ca«e  alluded  to 
by  Horrocks,  tends  in  a  fitill  greater  degi'ee  to  enhance  the  merit  of  the 
surmise.  In  the  same  letter  he  exhibits  an  illustration  of  the  planetary 
moTementa  by  anspending  a  weight  from  a  fixed  point  by  a  long  cord,  and, 
baring  drawn  the  weight  a  Htllo  aside  from  the  vertical  direction,  apply- 
ing to  it  a  slight  tangential  impulse.  This  beautiful  experiment,  illustra- 
tive ©f  the  actinu  of  a  central  force,  has  been  generally  ascribed  to  Hooke, 
*ho  merely  reprodured  it,  at  a  meeting  of  the  lioyal  Society,  about  thirty 
jreus  after  Horrocks  had  devised  it*.  Horrocks  remarked  that  the  pen- 
doiotta  body  would  describe  an  ellipse,  the  apsides  of  which  would  advance 
slowly  hi  the  direction  of  the  body's  motion.  It  did  not  escape  his  obscr- 
Tation  that  this  experiment  did  not  represent  the  movementss  of  tho 
planets  with  sufficient  fidelity,  inasmuch  as  there  were  two  perihelia  and 
two  aphelia,  the  centre  of  the  ellipse  being  in  fact  the  centre  of  furce, 
inateftd  of  the  focus,  as  in  the  case  of  nature.  In  order  to  mako  tba 
parallel  more  complete,  he  supposed  a  gentle  wind  to  blow  constantly 
i]p«)n  the  pendulum  in  the  direction  of  the  major  aicis  of  the  ellipse.  If 
the  representation  was  still  imperfect,  it  must  be  admitted  that  the  atop 
Jiexe  token  was  at  least  in  the  right  direotion.    Horrocks,  in  his  researches 

•  Hooke  fint  gave  an  account  of  his  <;xperiment  at  the  meeting  of  the  Royal  Societjf, 
wttiGb  WW  huld  oil  the  tSird  of  May,  1 66C (  Bicrh's  "  Hintory  of  the  Royal  Soutctv,"  vol.  ii., 
p.  fi3)>  It  might  bm  supftoscd  that  as  KDirocks'  pa«lhumous  works  were  not  puMuhed  Itll 
\^t%  Uooke  could  not  have  hv^a  indcbled  to  (hem  for  the  ori^na!  idea  of  lh<iexpcriniE^nt. 
Itapficsn>  however,  that  Wallis  hnJ  campletpd  his  task  of  preparing;  the  writitig*  of  Hor- 
DOGkS  for  publicaiiou  iu«  earlj  bs  September  '21,  1664  (Birch,  veil.  L,  |>.  470}.  Tlie  print' 
k^of  (be  wiirk  wu  defiiireid  try  the  Council  until  the  president  should  give  hia  opinion 
rpipwiing  il.  The  circunutauce  of  iU  reiDnlning  so  lun^  in  manuscript  nrose,  doiibtJeu, 
fran  the  u&pOTeri^ed  tXAiu  of  the    Society's  treasury  during  ihu  evj\y  [K-riuti  of  ill 
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ou  lU6  phy»4»l  eaxiM  of  th6  pluneUry  movemeuts,  laboured  uiid^r  the 
dbadvatitAge  of  huring  only  acceasible  W  bim  the  erroneoug  ideas  of  Kcplef 
on  the  priiiciple-'i  of  ineckaiiical  science.  A  remark,  Imwever,  eoDtxinM  Jo 
tbe  letter  jitst  cited,  wiU  serve  to  show  t)iai  lie  possesst^d  a  mind  adequate 
to  detect  tlie  fallacy  of  rucU  idea?,  and  to  fcubstitule  otherji  mor«  in 
accordiincB  with  nature  in  their  stead.  Kepler  had  suppused  the  pliusrti 
to  bo  wliirled  routkl  in  their  orbiia  by  the  tmn*.irerse  ai-Hion  of  mttgDCtie 
librcs;  but  as  their  rflvcvlutiotis  round  thair  axes  seemed  to  him  to  ^r 
an  impodimont  to  this  action,  he  had  recf^urne  to  the  strange  9uppo»iiion 
of  the  exterior  stratum  itlone  of  eiich  pktiet  being  eudued  with  a  tomUtrj 
motion.  Horrocks  remflrUed  that  snob  a  siipjiositioti  vias  totaUy  unnwte' 
sary,  sim-e  tho  rotatory  mutiou  of  the  plauela  could  not  impede  their 
tnotion  of  tmiislatinn,  atiiy  loora  than  the  rotation  of  a  stone  thrown  »idi 
thu  hand  iinpt'des  tlie  luotlon  which  it  \iA»  acquired  in  the  dirm^Koti  of  (kc 

Tlie  follo^riiij^  pa^iflAgefi  exhibit  a  digtiDCt  perception  of  the  fki]ri^^| 
int<qualitv  in  the  nit-aii  motions  of  Jupitof  and  f^atuni  iirlsiii^  from  tlflV 
mutiud  ilisturljance.  It  may  ht*  remarked  tliat,  throughout  tbe  whole  i>f 
tho  sixteenth  cputmy  and  the  rirst  half  of  the  seventeenth  e^oturr. 
the  mean  motion  of  Jupiter  was  increasing  with  ^ival  nijiidiiy  in  v]r\m 
i>f  thai  iiuHjualily.  wtiile,  on  the  other  hand,  the  meaii  luotiou  of  SnUint 
\mn  Uddwrgitiuf?  a  corrcspodding  retiirdation, 

WriiiiiH  on  tlio  3rd  of  June,  lt>37,  he  mentions  that  he  bad  at  length  t\h- 
trtined  pos^iossion  of  the  Rudolphine  Tables.  A  coojpariaon  of  theta  iriih 
vttriousi  modern  oimervations  convinced  him  that  the  mean  motioji  of 
.tupitcr  wjis  in  nmlity  quicker  than  Keph'r  had  uiadp  it.  On  the  lltlkof 
January,  Jlltl8,  ho  makes  the  same  remark  in  nearly  the  Htiine  tj?nn» 
(.■f/t/Uft/w  inotna  i/oris  ^st  notabUiter  vetodor  qittini  apnd  Ktfilfrum).  On 
thr  ii^tb  «*f  July,  UlfliH,  he  pro[ioBes  to  t.'orrefl  the  motion  of  Jiipilerbjr 
nddhtff  1*  iMV  to  tlio  npht'lion,  aod  about  S'  to  the  mean  longitude-  Int 
letter  dated  8inUi'ntt«f r  *i^  of  the  m^me  yt^r,  he  gtatesi  thiit  the  obflenralioiiB 
of  Jupit»>r  intiiio  in  the  ume  of  Waltherua  ngi'ee  viHh  the  mo^t  rwsflul 
ob$ierYalions  in  iiidicfl.tingi  l»eyoud  all  doubt,  tluit  the  me^iu  motion  of 
planet  is  more  mjpid  than  it  appeuied  to  Ite  from  the  Hiidolphine  Tal 
The  fiujintity  of  the  aocelemlioti  seoraed  to  Idtn  to  amount  to  I '  in  tit 
ytOTs.  It  was  very  cortdn,  he  added,  that  from  the  time  of  Tyeho  li« 
mean  longitude  of  thi^  planet  woa  at  leusi  4'  or  D'  greater  than  the  tables 
made  it.  On  the  14tb  of  September,  1056,  ht?  proposes  to  add  V  to  tbe 
mean  louKiludu  of  Jupiter  in  die  U'ginning  of  lOUO,  and  1 1'  in  the  Itegin- 
uiiig  of  nuO,  witli  a  propoitionnl  quantity  in  any  intermediate  period.  In 
ordor  to  shuwhow  nearly  llorrocka  arrived  et  the  true  aceelemtion.  it  msy 
be  mentioned  thul  the  incrementisi  which  the  mean  loogltuile  of  Jupiter  nc- 
tn&Uy  received  in  the  firstbalf  of  tlie  seventeen  the  en  tun-,  during  Hucewslto 
perioib  of  ten  years,  were  1'  a-^",  1'  20",  V  W".  V  15"',  1'  12'',  The  lime 
when  Homjck-i  lived  was,  in  fact,  exceedingly  favourable  for  detecting  the 
great  iuequality  of  Jupiter  and  Satm-n,  on  account  of  the  rapidity  witi 
'ffluch  it  was  then  developing  iisolf*.     lu  a  letter  dated  July  30,  16*0, 

*  The  tmth  of  this  remvlc  wilt  b«  inDre  apptrent  wben  it  ii  statrd  th&t  from  liOO  to 
1850  ttie  hx<(!3uait»  to  itie  mmn  tongilude  of  Jujiiti^r,  ari«in^  (ntm  iha  pt^  moqullitjr 
during  su«x*»ive  (wHodi  cif  (en   yearn,   wfro    only    HJ".8,    17".0,  92*.9,  S8\A  km 
34 M,     TJics*  n?jul(*,  m  well  «•  tho«  gf  a  stmilur  nature  in  the  test,  .ire  (^CQlsled  f 
tiw  exprettioii  for  ihe  iiM>aiiuIitf  giwn  by  PuotL-wiulant.  (  Thrnrit  Anrt(>fHqn«  da  Sy»  _j 
1^  Mwtdei  turn,  iii^  p,  4S6),  wMcli  includes  Ihc  It'nm  depcnitiog  oa  the  Ufth  poreif "^ 
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[vtill  iulbere»  lo  his  previous  conclusion.     He  proposes  to  odd  6'  to  tlie 

jjEjitude  H-t  the  beginning  of  lfi-10,  and  G'  at  the  begioning  of 
I  Tiirotiffhout  the  wliolc  of  iii«  current-  century,  the  niefm  motion  ol 

?t  s^ceuied  to  him  to  be  more  rapid  than  it  wn?i  acconliiig  to  tlie 
Rudul{i]uiieTiil)les,  the  ftccelcratirm  bein|^  t-quivalent  to  Bn  increase  in  the 
mMa  longitude  of  1'  in  ten  years.  "  Whetlier  the  riccclemtinu  will  con- 
tfaiatortUHj"  naj^  he.  "I  do  not  know;  but  between  U1>0  and  15'JU  the 
mmn  motian  iras  tens^ibly  mr>re  nipid  ilmn  it  ia  now.^'  He  here  seems  to 
hint  nt  the  possible  jimi?<i (CI iiy  of  the  phenomenon. 
■ffUe  retardaiion  of  Saturn's  mean  motion  did  not  fscApo  the  eagiicit^ 
^^B[omoeJia,  although  he  doeg  not  seem  to  huTe  retained  RUth  a.  firm  bold 
of  the  iiteijualttT  as  in  the  cmsb  of  tlie  rnrresponditif?  attdaration  of 
Jupitefs  meou  motion.  On  the  3rd  of  June,  1637.  he  proposes  to 
tnhtraft  i'  fft'iii  the  mean  longitude  of  Sutum  at  iho  beginning  of  lUOU. 
On  the  15th  of  Octolwr,  lOflB,  ho  writea  that  the  observations  of  Batum, 
in  the  titne  of  Waltherus,  indicated  tho  mean  nvotion  of  tlie  planet  to 
be  tl&yeet  than  Kepler  had  made  it  in  the  Uudolphine  Tables.  On  tht 
Uth  of  September,  IGH^,  be  attain  alludes  to  the  irregularity  in  the  meoA 
motinn  of  the  planet.  "Saturn,"  he  says,  "seems  to  experience  sometimes  a 
singulELT  retardation  in  ita  motion.  [Videinr  SutMrnm  miram  aliquam 
abfuando  haher«  motun  mi  rttardntiantm.)  He  remarks,  bowever,  that 
Ibe  phenomenon  would  occasion  liirn  greater  annojance  were  St  not  tba,t 
there  was  some  ronsoktinn  in  being  probablj^  the  first  who  dJscoTfired 
it  {nisi  quod  hoc  aliptid  aolatii  #s(»  new,  crtdo,  primos  ease  qui  dftfyimiisy 
lie  reKju^tfl  Cmbtreo  to  watch  the  phenomenon  t^refullj  V»y  making  eon- 
stant  ol»serTHtions  of  the  planeL  With  respect  to  the  true  t'orreetion 
to  be  applied  to  the  Rndolphino  Tables  he  was  unable  to  pronounce  a 
poaitive  opinion  ;  "  but  if  we  discover  anything  hereafter,"  says  he,  "the 
rHatdation  of  the  jiknet  will  allow  an  eaay  coiTertion  of  the  Epheinerides,*' 
In  a  letter  <ltited  July  36,  1038,  he  makes  some  conjectures  relative 
to  thr  nature  and  movements  of  comets,      He  supposes  tliem  to  he  pro- 

«led  from  the  sun,  and  to  move  with  a  continually'  Hlower  velointj  aa 
jr  recede  from  that  body,  until  at  length  they  Itecome  sUilionary,  and 
%  begin  to  return  with  accelerated  speed,  like  the  ftiue  in  the  circle, 
dflfiMtii^  8om«rwhat  in  the  direction  of  tlie  sun's  mtntion.  He  ifiquesta 
OiiibM««  to  send  him  Tycho  Bmhes  obser\'ation3  of  comot.",  contained 
in  his  Progijmna&mttta,  in  order  that  he  might  compare  them  with  his 
bvpotbcnis.  In  a  letter  dated  September  39,  1638,  he  states  tliiit  tlis 
d&servBLions.  of  the  wroets  of  15TT  and  1590  confinned  his  conjecture  of 
ooourtB  in  general  l>eing  projected  from  the  sun.  He  supposes,  in  at«ord- 
ance  with  KepliT'rt  ideiis  uf  a  whirling  force,  that  they  are  subsequently 
e^rried  roimd  tfte  sun  with  a  motion  wluL-b  i.s,  in  all  probability,  variaUe*. 
Un  the  3rd  of  October,  1640,  he  aimounced  to  Crabtreo  that  he  bud 
mdertaken  the  prosccutiini  of  a  series  of  observations  on  the  tides,  in 
order  that,  by  the  aid  of  experiment,  he  might  lie  enabled  to  arrive  at 
some  definito  conclusions  respecting  Uieir  real  nature. 


lite  CQQBalrieitiei  and  mclitulioni  of  Ibe  two  pUneUt  And  diO  thoie  due  to  the  iquare  of 
Uie  liiilarbing  force. 

«  WaJltt,  in  ■  letter  to  the  Royal  Soesely  duled  Janiidry  21 ,  1664-5,  stttc*  that  Homx'ia 
made  ifae  comet  lo  relum  to  the  sivn  in  rni  eliiptical  fujme,  or  venj  ntarly  so.  Acc.atdmg 
to  Om  hjpQtfacsis  be  tmced  the  cnmet  of  To77.  He  requeala  dint  the  pper  cel*tlie  to 
lUi  cooMtf  being  in  HormcW  own  haiidwritiiig,  be  careiiilil^  pretended  (Birch,  Hist. 
6oc.,  Tol.  ii.,  p.  11), 
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On  tlio  mth  of  0«5eml>ei%  IfilO,  he  expressed  to  liis  friend  a  birmig 
desire  to  obtain  some  of  Gaseoigne's  measurements  of  the  luuar  dU- 
meter*.  He  also  amiouuced  to  him  that  his  observations  of  the  lid^ 
had  alrtwly  revealed  lo  Uim  many  interesting  particultu^.  They  vera 
withal  very  regular,  although  subject  to  many  strange  inequalities  liitherto 
remarked  by  no  persou.  He  had  only  prosecuted  his  researches  three  luoiuhs, 
but  he  hoped  that,  by  coiiUnuing  hi3  observatiotifi  for  a  year,  he  should  obtain 
some  valuable  result&f .  In  the  same  letttir  he  entreats  kb  friend  to  p«^ 
Bevero  iti  his  astronomical  purguits,  adding,  that  as  soon  as  his  own  a^ira 
would  permit,  he  purjiosed  resuming  his  fuvoui^te  studies.  AIjis  !  trc  an- 
other month  had  elapsed  J»is  uoble  spirit  had  fled  from  its  mortid  tenement. 

It  cannot  fail  to  ext-ite  tlie  adminition  of  the  reader,  tliatayouth  of  tweoty- 
two  years  of  age  should  have  exhibited  in  his  researches  such  sagadtyof 
thouj^ht  and  fertility  of  inventionj  such  enlipihtened  and  judicious  views 
on  the  various  subjefLsivliich  eiigaged  his  atteutiou,  and  sut-li  nnwaverinu 
confidence  in  the  resources  of  his  own  mind.  Who  can  doubt  that,  if  his 
days  had  been  more  numerous,  the  historj'  of  physical  science  in  !h<5 
ecventeenth  i*entury  would  read  very  diiferenlty  from  what  it  now  does, 
Jnatly  may  it  be  nftirraed,  in  the  language  of  the  illustrioua  editor  of  Iiis 
fragraenta, — ''^Qni  enhn  tain  panms  artni^,  auxitih  ftarim,  tanthqne  obsifuf 
di^titlttttihiM  tantos  proijremtis  feeerat  ;  quid  non/ecUset^  si  Deus  hatiaqtn 
vitam  protelavmct !  h  nece»sarik  omnibus  instrtictus,  doctorum  ttim 
C07tsortio^  tidJHtiis  fuisset!'' 

The  utiHty  of  the  transits  of  the  inferior  planets  in  furnishing  an  acci^ 
rate  method  of  determujing  the  value  of  the  solar  parallax,  was  first 
jKjinted  out  by  James  Gregoi^',  the  telebrated  mathematician,  iu  hia 
treatise  entitled  "Optica  Proraota,"  which  was  published  at  Loudon ia 
lbO!3.  As  the  credit  due  to  the  original  suggestion  of  thtii  method  bts 
beeii  geuemlly  ascribed  to  Ilalley,  it  may  not  be  gut  of  place  to  cite 
tiie  passage  in  wliioli  Gregory  alludes  to  it.  In  a  scholium  to  the  eigblv* 
seventh  problem,  the  object  of  which  is  to  determijio  the  parallaxea  of  two 
planets  by  observations  of  tlieir  conjunciious,  he  makes  the  following 
Btatement: — "This  problem  haa  a  very  beautiful  application,  altfaougb 
perhaps  laborious,  in  observations  of  Venus  or  Mercury  when  they  obscairo 
n  small  portion  of  the  suu  ;  for  by  means  of  such  observations  the  panill&i: 
of  the  sun  mjiy  ho  investigated*.  It  would  be  impossible  to  eslablish 
the  claims  of  Gregory  to  priority  of  discovery  upon  a  more  unequivccsl 
basis  than  is  aJflforded  by  this  ])assage.  Halley's  attention  was  first 
directed  to  the  subject  on  the  occasion  of  his  observation  of  the  tnmsil 
of  Mercury  in  1077,  that  is  to  say,  fourteen  years  after  the  publicatiou 

"  GiiEcni|^B  was  iJie  orfginn]  Enventgr  of  the  oiicromder,  as  will  be  shown  in  the  nMt 
chapter,  and  it  m  to  the  resuhs  obtained  by  the  use  t»f  thia  in»tmmmt  ihat  HorrocU  b«» 
alludes.  Crabtree  hud  just  returned  from  a  visit  ro  Gascoigne  in  Yorkshire,  and  ome  of 
Ihfi  principal  objectaof  Horrorks'contL'itipfalccl  vi^it  to  hi*  friend  whs  1o  cibldn  an  acofwnt 
b(  ific  very  remarkable  imjirovcment*  in  practical  aslroHomy  which  Gatcoigtie  had  ns- 
icnrly  efTected.  Sec,  in  tho  ncut  clinpter,  an  exlmcl  of  a  IcUer  from  Crabtree  to  Hot- 
riickj,  in  which  there  i«  cuntoined  at)  interesling  allusion  to  the  microineter,  whtfli 
Ga*i?ot(tiic  showed  Crahifw  on  tlie  o**asioii  of  this  visiL 

t  Horrocks  appears  to  have  been  the  first  neiwn  who  nndeilook  the  prDS«?utiian  of  » 
eoniimiotis  courw  of  observation*  of  the  tides,  for  the  cxprcfi  purmsc  of  obtaining  ■ 
BiinnA  of  fact:!  nhlch  might  farm  the  grtiuttdwork  of  a  pliilosopbical  mve«tigiilioD  of  llie 
Eubjrct. 

X  Optica  Promota,  p.  IW.  Tlie  wortls  in  llie  original  are  ; — "Hoc  problema  puldifV^ 
rimum  hflbyt  ii&um,  svA  forMn  laltorlwnm,  in  oliscTvatiunibuit  \*ent'ri*  vel  McKurii  paiti- 
(■uiam  toViA  ultmutmtiii  eX  talibui  cuim  suliflparallaxi^  in^chti^ari  puteiit." 
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of  the  Optiea  Ffomota  *,  Whatever  development  the  methad  acquired 
from  him,  conDot  atTect  the  merits  of  the  original  discoverer.  Captain 
Smjth.  while  vindicating  thejast  cliiinos  of  Gregory,  bas  truly  remarked  timt 
Halley  needs  no  borrowed  plumes.  Even  in  the  present  instance  it 
most  be  admitted,  that  the  nbility  with  'which  he  expounded  the  pe- 
cali&r  advantages  attending  the  determination  of  the  solar  panillftx  by 
obsarvatioDs  of  the  tran§its  of  Venns,  the  earnestness  with  which  he  re* 
racQinended  the  practical  application  of  the  method,  and  tho  \reight  of 
his  authoritj  on  questions  relating  to  astronomical  science,  were  mainly 
instntmentfll  in  inducing  the  dill'erent  governments  of  Europe  to  adopt 
those  liberal  proceedingi^  for  obsen-ing  llie  transits  of  ITHH  and  1709, 
which  have  led  to  a  raoro  accurate  knowledge  of  the  dimensions  of  the 
solar  system  than  could  otherwise  be  hoped  for. 

The  physical  appearances  noticed  during  the  transits  of  Venus  which 
happened  in  the  last  century  have  given  rise  to  a  good  deal  of  speculation, 
but  it  mu3t  be  admitted  that  the  conclusions  arrived  at  upon  this  point 
cannot  be  regarded  as  altogether  satisfactory.  The  most  remarkable  of 
such  appearances  was  that  witnessed  when  the  planet  was  just  wholly 
withiti  the  sun  s  limb.  It  was  found  ou  the  occasion  of  each  of  the  tran- 
sits of  noi  and  1760.  that  the  interior  contact  of  the  planet  with  the  sun 
di4  not  take  place  regularly  at  the  ingress,  the  planet  appearing,  for  some 
time  after  it  had  wholly  entered  upon  the  solar  disk,  to  be  connected  ¥(ith 
the  sun's  limb  by  a  dark  ligament.  A  similar  phenomenon  was  observed 
at  the  egress  of  the  planet.  It  was  also  found  that,  even  after  the  planet 
had  wholly  separatea  from  the  sun's  limb,  it  did  not  acquire  its  round  form 
till  after  the  lapse  of  several  seconds.  ,]n  order  that  the  reader  may  form 
M  more  sccumte  conception  T>f  these  phenomena,  it  may  not,  perhaps,  be 
unacceptable  to  cite  in  detail  a  few  of  the  observations  relating  lo  them. 

Mr.  Hirst,  who  observed  the  transit  of  17«il  at  Madras,  states  that  "at 
the  total  immersion,  the  plnnet,  instead  of  appearing  truly  circulai',  re- 
sembled more  the  form  of  a  l>ergftmot  pear,  or,  as  Governor  Pigott  then 
expre^ed  it,  looked  fiku  a  niiK^-pin :  yet  the  preceding  limb  of  Venus 
iras  extremely  well  defined."  With  respect  to  the  end  of  the  transit  he 
remarked,  "that  the  pknet  was  as  black  as  ink,  and  the  body  truly 
dnsiilttr,  just  before  the  hcgiiming  of  the  egress,  yet  it  was  no  sooner  in 
conliMrt  TciLh  the  sun'a  preceding  limb,  than  it  assumed  the  same  figure 
ii  before  at  the  sun's  subsequent  limb ;  the  subsequent  limb  of  Venus 
keeping  well  defined  and  truly  circular.*'! 

A  similar  appearance  was  observed  by  Lalande  at  Paris,  by  Bergman 
at  Upsat,  and  also  by  several  other  individuals. 

Dr.  Maskelyne,  who  observed  the  transit  of  ITOQ  at  Greenwich,  gives 
tho  following  description  of  a  phenomenon  of  a  similar  nature  nitnessed 
by  him  at  the  ingress  of  the  planet : — 

"  The  irregularity  of  Venus's  circular  figure  was  disturbed  towards  the 
place  where  the  intenial  contact  should  happen,  by  the  addition  of  a  pro- 

•  Jame*  Grcptory,  one  of  the  most  cminetit  maihcmalicians  of  the  seventeenth  ttrtilury, 
trif  bona  at  Aberdeen  in  1639,  and  died  at  Edinburgh  in  1673,  at  Ihe  curly  affo  of 
thtrlT-wx  reans.  He  wai  only  tweDtj  four  veart!  old  when  he  publ tailed  tho  Optita 
Promota,  wliich,  bp»idc«  the  important  remnrk  alluded  to  in  Ihe  text,  contftined  also 
tbe  Qiiginsl  expIanitUDn  of  the  principle  of  the  reflectrflR:  lelescfipe.  HaMcy'i  earliest 
«liudoa  lo  the  ulililv  of  abservaliong  vi  ihe  transits  of  the  inferiot  pianists  in  di>lcrniining 
%he  liolar  paialbx,  is  cooUined  in  hh  C^tahgm  Sitiinrttm  Aitftratitim,  publij<hed  in 
1679.  He  iubrfguDnrly  returned  to  Ihs  subject  in  the  toIubqc*  of  the  PkHaaaphicul 
Trmuaethnt  for  lG94nnd  17IG, 
f  Pbil.  Tniu.,  17C1,  p,  39G» 
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tul)€mnce,  dark  like  Venus,  and  prq)ecting  outwards,  which  oeoupied  u 
space  upon  the  aun'a  circuraference  which  bore  a  considerable  proportion 
to  the  diameter  of  Venna,  Fifty- two  seconds  before  the  thread  of  light 
was  forraed,  Venus'a  regular  circutufereuoe  (supposed  to  be  continued  U 
it  would  have  been  without  the  protuberance)  see msd  to  be  in  r.oiUact  with 
Uie  gun's  circumference,  suppoaed  also  compteted.  Accordin^lr,  from 
t})i»  tiroe,  Venus'a  regular  circumference  (supposed  defined  in  the  tnatiner 
juat  described)  appeared  iwhollf  within  the  fcun '»  »i(rcAinifcrenee,  and  n 
Beemed,  therefore,  wonderful  that  the  thread  of  light  should  he  so  long 
before  it  appeared,  the  protubsrance  appearing  in  its  $tead.  At  lengtii. 
when  a  considerable  part  of  the  sun 'a  circumference  (equal  to  one-lbinl 
or  one-fourth  of  the  diameter  of  Veuus)  remained  still  ohscitred  by  the 
protubei*ance,  a  fine  etream  of  light  flowed  gently  round  it  from  each  side, 
and  completed  the  satue  in  the  spaice  of  three  seconds  of  lirne  ;  nnd  Vodoj 
appeared  wholly  witliin  the  sun's  lucid  cireumfenence.  But  the  protubth 
raiisc,  thouffh  diminished,  usas  not  taken  atvaif  till  about  tuentysfcandtinou: 
when,  after  beitiff  ffraduall>f  reduced,  it  dimpjifand,  and  Ventof't  circninr 
figure  irrt*  rmared," *■ 

Dr.  Bev  13  states  in  the  account  of  hia  ohservfttions  that  "the  planet 
gdemed  quite  entered  upon  the  disk,  her  upper  limb  being  tangentitil  lo 
tkat  of  the  sun;  btit  instead  of  a  thread  of  light,  whii'h  he  eipecled  m- 
mediftlety  to  appear  between  them,  he  perceived  Ventia  to  be  still  ctiD- 
joined  to  the  aun'e  limb  l>y  a  eletider  bind  of  tail,  nothing  near  so  black 
aa  her  disk,  and  tihftped  like  the  neck  of  a  Florence  ilask.  The  said  tail 
vantJihed  at  once:  aud/or  a  /ctr  seconds  after,  thf  Umh  of  IVuru,  to  itkidi 
it  hod  bem  joined,  appeared  tHore  pramineiit  than  her  lou'er  part,  sotnewji&t 
like  the  lesser  cud  of  an  egj,',  but  soon  resumed  its  rotundity,"  ^ 

The  Rev,  Mr.  Hirst  thuu  describea  tlie  appearance  pre^enJed  during 
the  transit:^"  The  ijatne  phenomena  of  a  protuberance  which  I  obsened 
at  Madras  in  IT61,  at  both  internal  contacta,  I  observed  again  at  tiiialast 
transit.  At  both  times  the  protuberance  of  the  upper  edgo  of  Venw 
diminished  nearly  to  a  point  before  the  thread  of  lij^iit  between  ibe  con- 
cave edge  of  the  sun  and  the  concave  edge  of  the  planet  w»a  perfected, 
when  the  jtrotuberance  broke  otf  from  tlte  upper  edge  of  the  eun:  W 
Vcnuf  did  not  assume  its  circular  /orrrt  till  it  had  de9Cended  into  Ik*  sckr 
ditk  aome  distance  t, 

Mr.  Dunn,  who  observed  the  transit  at  Greenwioh,  remarks  that  "lis 
saw  the  planet  held  aa  it  were  to  the  snn's  linib  by  a  ligament  formed  of 
many  black  cones  whose  bftses  stood  on  die  limb  of  Yenua,  their  verlicee 
pointing  to  the  limb  of  the  eiiu,"§ 

Mr.  Pigott  stntes  that  Venus,  before  sho  Beprated  from  the  ftun, 
considerably  stretjched  out  towards  his  limb,  which  gave  the  planet  tti 
the  form  of  a  pear;  tind  even  after  the  sfparatinn  of  thf  limbf,  Vtmut 
tweh'g  or  mora  secontls  before  the  r^sunwd  her  rotundity.'" \\ 

With  rsupeet  to  the  physical  muse  of  the  phenomena  above  referred  to. 
the  luost  probable  bypoiliesis  of  their  oiigin  13  that  wliich  attributes  iheta 
to  the  influence  of  irradiation,  J.alande  fimt  shewed  that  the  dark  Uga- 
nient  connecting  the  limbs  of  the  planet  and  the  ^un  might  be  satislactO' 
rily  accounted  for  upon  tliis  principled.  The  most  consistent  explanation 
that  can  be  given  of  the  protuberance  on  the  limb  of  the  planet,  when  it 
appeared  wholly  separate  from  the  sun's  limb,  is  that  proposed  by  Prof. 


4 


'  Phil  Trani.,  1763,  p,  358,  f  IbicL,  17^9,  p.  190.  J  Ibid,  p,  4», 

g  IMtL.  I77U,  p,  70.      II  Ibir],,  p.  062.     1i  M^m.  Acwl.  d«a  8cltno«fw  ITKK  p.  400. 
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Bofvll  to  the  analogone  caso  of  annular  eclipses.  Tbe  appenrancd 
by  Mr,  Dunn  seeijja  to  be  totAlly  inexplicable,  unleBS  it  be 
iiuilateU  to  tlia  dark  lines  witneiead  during  the  onnuJar  eclipse  of 
B;1G,  and  otbsr  similar  occnrrenceti* 
It  w&e  remarked  bj  fiereral  observers  of  the  transits  of  1701  and  1760, 
UiAt  both  At  tbe  ingress  and  egress,  the  portion  of  the  litnb  of  the  planet 
that  was  off  tlie  sun.  wo^  visible  by  means  of  a  faint  light  surrounding  it 
in  the  form  of  a  ring,  Jjn  Ch*ppe,  who  obsen-ed  the  tmnsit  of  1761  at 
Tobolsk,  in  Siberia,  stalei  that  tbe  light  of  the  nag  was  of  a  very  deep 
jelluw  DMT  tbe  body  of  the  pin  net,  but  that  it  became  more  hrilUant 
tovards  tbe  enter  border  *.  MSf .  Stromer,  Mallet,  Bergmnn,  and  Melander, 
who  observed  Uie  same  trfinaitat  Upeal*  renaarked  that  when  three-f<>urtbe 
of  tbe  planets  limb  bad  ontercd  upon  the  sun,  the  remaining  fourth  was 
visible  by  means  of  a  fiiint  ring  wliich  appeared  fimund  itf,  A  gimitar 
pbenomenoD  was  observed  on  tlie  earoe  occasion  by  Wargentin  at  Stock- 
holm, by  Planman  at  Cajaiiibourg,  and  in  eeveml  other  instancea  [. 
Jir.  M&^kelyne,  who  observed  the  ingress  of  Venus  upon  the  sun  s  disk 
tiwich  on  the  occasion  of  the  transit  of  HTiO,  atuteu  that,  when  the 
waa  little  more  than  half  entered  npon  the  aun,  be  s>aw  her  whole 
cireainference  completed,  by  metua  of  a  vivid  but  narrow  and  ilbdelined 
border  of  light,  «>bich  illuminated  that  part  of  her  circumference  that  wuh 
off  the  tan.  He  adds  that  it  disappeared  two  or  three  minutes  before  the 
internal  contact  §.  A  similar  phenomenon  was  witnessed  during  the  same 
transit,  by  Wales  and  Dymond  at  llndsnn'a  Bay||,  by  Pingre  and  De 
FWneu  at  Cape  Francis  in  the  Jslaud  of  St  Domingo  IF,  and  by  various 
other  observers  in  ditferent  places. 

Several  of  the  observers  of  the  tranaita  of  1617  and  1700  remarked 
t,  when  Venus  waa  wM/j/ entered  upon  tbe  sun,  there  appeared  a  faint 
ng  around  her  limb.  Dunn,  in  bia  account  of  the  trani^it  of  1709, 
describes  it  as  a  lucid  annulus  about  live  or  m%  fieoonde  in  breadth,  tome- 
vhat  dtmktji  towttrda  tht  limb  of  the  ptnvfL  and  at  the  outer  margin  tinged 
a  little  with  bine  **■,  Air.  Hitchins,  alluding  to  the  same  phenomenon, 
states  that  it  was  exceisively  whita  and  faint,  and  that  it  teat  briffhti'tt 
toward*  the  btidtj  of  the  planet  ff-  Niiime  asserts  that  it  appeared  brighter 
and  whiter  tlian  the  body  of  the  sun  j;. 

It  is  worthy  of  remark  that,  in  f^eneral.  tliosa  individuals  who  observed  a 
Ikilil  light  around  the  part  of  the  limb  of  Venus  that  was  otf  tbe  sun,  on  the 
OOOMiea.  uf  tbe  tranetts  of  1701  and  1700,  do  not  seem  to  have  perceived  the 
eampliete  annulu»  around  the  limb  of  the  planet  when  it  wis  wliolly  entered 
upon  tho  aun'd  disk.  On  the  other  hand,  most  of  those  observers  who 
witnessed  the  latter  phenomenon  do  not  make  any  allusion  to  the  former 
having  been  seen  by  them.  The  observations  of  La  Chappe,  Maskelyno, 
Mveral  other  iudividuala,  are  very  clear  upon  this  point.  It  would 
n.  therefore,  that  the  two  phenomena  are  not  of  the  same  nature.  With 
ipect  Lo  the  physical  origin  of  either,  no  satisfactory  explanation  has  yet 
en  oflFered.  The  appearance  noticed  when  the  planet  was  only  partially 
Uie  tun,  has  a  strong  analogy  ta  that  alluded  to  by  M.  Ai'ago  and 
e«l  other  persons  in  France  relative  to  the  visibility  of  the  vitolo  of 
moon  a  limb  during  the  progress  of  the  total  eclipse  of  tbe  sun  of 

•  M^.  Aod,  d«3  Sciences,  1761,  p,  36a  f  Ibid.,  p.  364.  t  IbiJ. 

I  pliiJ.  Trans..  1768,  p.  3ii7.  ||  Ibid.,  1769,  p.  482.  t  IbitJ.,  17"0.  p,  498. 

—  Ibfd.,  1770,  p.  7).  +t  Ibid,  I7ee»  p.  303,  \\  Ibid.,  p.  364. 
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HiarOBT  OF  VUfBteML  ASTBOKOIfT. 

/Jidr  8,  1842.  If  it  be  assumed  that  tlie  attnospberic  light  diramhhes 
tnw  Bwb.  rapidity  from  the  sun's  Utub  that  tlic  light  of  the  solar  atmo- 
sphere forma  an  aliquot  fraction  of  it  at  a  very  small  distance  from  the  Utnb, 
it  may  then  he  inferred,  as  in  that  case,  that  the  visibility  of  the  planet's 
limb  arises  from  Uie  obscurity  of  its  surface,  when  contrasted  vnth  the 
brightness  of  the  ground  upon  which  it  appears  projected.  Such  a.  Buppoa- 
lion,  however,  is  by  no  means  probable.  The  faint  ring  that  was  seen  ly 
some  obsetTers  aromid  the  planet's  limb  when  it  had  wholly  eittered 
upon  the  sun's  disk,  has  been  supposed  to  indicate  tbe  existence  of  an 
atmosphere  about  the  planet,  but  the  various  statements  respecting 
app^rance  are  not  sutBcientlj  consistent  with  each  other  to 
each  a  conctu!}ion,  although  at  the  same  time  it  seems  to  be  justified 
other  considerations,  to  "which  allusion  has  already  been  made  ia  a  former 
chapter. 

Sometimes  the  planets  are  eclipsed  in  consequence  of  th©  moon  pasaiag 
between  them  and  the  earth.  The  earliest  recorded  phenomenon  of  thb 
nature  is  an  occultation  of  Mars  by  the  moon,  which  Aristotle  mak<s 
mention  of  in  one  of  his  works.  He  states  that  when  the  moon  was  boif- 
full.  the  planet  entered  behind  the  limb  on  the  unenlightened  side,  mi 
subsequently  emerged  on  the  bright  side*.  Kepler  calculated  the  dat« 
of  this  occultation,  and  found  tlmt  it  occurred  on  the  night  of  the  4th  of 
April  in  the  year  357  ax.  \.  The  rapid  and  tortuous  inotion  of  the  moon 
producea  occasional  occultations  of  this  nature,  but  they  are  not  of  tnwh 
jroportauce  to  the  astronomer.  It  was  expected  that  the  circumstaaow 
acoompanying  such  occultations* would  serve  to  throw  light  upon  the  mueh- 
disputed  question  of  the  existence  of  a  lunar  atmosphere,  but  no  soch 
advantage  has  hitherto  been  derived  from  them. 

The  occultation  of  a  star  by  the  moon  is  a  phenomenon  which.,  althoogfa 
of  frequent  occurrence,  never  fails  to  prove  interesting.  When  the  dark 
limb  of  tlie  moon  comes  up  to  the  star,  the  occultation  is  inv-ariably  found 
to  take  place  in»tantaneouiIy,  whence  it  is  manifest  that  tbe  Rppareiit 
magnitude  of  the  star  must  be  excessively  small.  The  effect  in  such  cases 
is  most  strilung  when  the  whole  body  of  tbe  moon  is  invisible,  as  oeca* 
sionally  happens  when  she  is  totally  eclipsed.  A  phenomenon  of  this 
kiud  was  witnessed  by  "Wsrgentin  during  tbe  lunar  eclipse  of  May  IS, 
1761,  to  which  allusion  has  already  been  made.  Previous  to  the  tot»l 
disappearance  of  the  moon,  he  perceived  a  star  near  her  eastern  limb, 
which  seemed  to  be  about  to  undergo  occultation.  Ho  therefore  followed 
it  with  gi-eat  attention  until  at  lenr^th^  at  10^  i^i^  30*.  when  eTen  the 
faintest  trace  of  tbe  moon  had  ceased  to  be  visible,  it  vanishod  in  las  than 
the  ttvutkiing  of  an  eye  J. 

Occultationa  of  stars  by  the  moon  serve  to  Rx  the  apparent  position  af 
the  latter  body  ^\-ith  great  accuracy,  and  in  consequence  they  have  proved 
very  serviceable  in  correcting  the  elements  of  her  motion.  For  a  similar 
reason  they  are  of  great  use  in  determining  the  diferences  of  longitude  of 
places  on  the  earth's  surface. 

A  singular  phenomenon  of  a  phj'sical  nature  is  sometimes  observed  en 
the  occasion  of  an  occultation  of  a  star.  When  the  limb  of  the  tuoon  lia* 
come  np  to  the  star,  the  latter  appears  to  advance  upon  the  moon's  disk, 
continuing  visible  in  this  manner  for  sevend  seconds  previous  to  its  (k*- 


*  De  Ciplfi.,  lib.  t!.,  cap.  12.  f  A  J.  VitcHjonem  Paralipoment,  p.  307. 

}  "  Oculj  ictu  citius"  iPhil  Tram,,  1761,  p.  210J, 


eoltetiioa^ .  Ko  satisfactorf  explatmtion  of  this  itrange  anocQalj  has  hitlierto 
beea  adTanced  by  any  perwjn.  One  of  the  most  recent,  as  well  as  one  of 
the  most  specious  modes  of  accounting  for  its  physical  origin  is  due  to 
Prof.  Stevelly,  According  to  the  hypothesis  proposed  by  him,  the  phe- 
nomenoii  is  purely  an  effect  of  the  diffraction  of  light.  Neivton  had 
shewn  by  esperitnent  that  the  rays  of  light  which  pass  very  near  the 
edge  of  a  body  are  bent  away  from  it,  so  as  for  a  short  distance  to  describe 
curves  which  are  convex  with  respect  to  it.  Prof.  Stevelty  conceives  the 
visible  contour  of  the  tnoon  to  be  such  a  difTi'acting  edge  to  the  slender 
beam  of  light  which  reaches  the  eye  from  a  fixed  star.  Under  such  cir- 
cutngtaDces,  it  ia  mflnifest,,  from  the  convexity  of  the  course  pursued  by 
the  beam  of  light  while  under  the  iuflueuce  of  the  dilTracting  force,  that 
ila  final  direction  when  it  enters  the  eja  ought,  if  produced  toward  the 
moon's  snrface,  to  fall  teithiit  ber  limb  f  - 

If  the  above  esplaaation  were  true,  the  phenomenon  ought  to  be  visible 
on  the  occasion  of  everj'-  occultation  of  a  star  by  the  moon.  Such,  how- 
ever, is  jar  from  being  the  cose.  This  is  a  defect  which  may  be.  said  to 
characterise  in  a  greater  or  less  degree  all  the  explanations  that  liave 
bithierto  been  offered  relative  to  a  phenomenon,  which  is  manifestly 
aa  optical  illusion,  although  its  true  source  is  not  easy  to  be  discovered. 

Sonoetimes  the  planets  occult  one  another  in  the  course  of  their  motion 
Fooud  the  sun.  Such  phenomena,  however,  are  manifestly  of  very  rare 
occurrence.  Kepler  Btatea  that  on  the  9th  of  Janiiarj',  1591,  Maes tl in 
and  himself  witnessed  an  oc^-ultation  of  Jupiter  by  Mars.  The  red  colour 
of  the  latter  on  that  occasion  plainly  indicated  that  it  was  the  inferior 
planet  t.  He  also  mentions  that  on  the  3rd  of  October,  I&0O,  Mfcstlin 
witnes&ed  an  occultation  of  Mars  liy  Venua.  In  tliis  case,  on  the  other 
band,  the  white  colour  of  Venus  afforded  a  clear  proof  that  she  was  the 
nearer  of  tlie  two  planets  to  the  earth  $.  It  is  to  be  borne  in  mind  that 
these  obserrations  were  made  before  the  invention  of  the  telescope,  so  that 
it  is  doubtful  whether  in  either  of  these  cases  the  one  planet  was  actually 
^perposetd  above  the  other,  for  the  peculiar  colour  of  the  light  might 
arise  simply  from  tlie  predominating  influence  of  the  brighter  planet  [[. 

Sometimes  there  happen  occultations  of  the  fixed  stars  by  the  planets. 
On  the  Ist  of  October,  1673:,  the  planet  Mars  eclipsed  a  star  in  the  con- 
stellation Aquarius.  Cassbii,  who  wrs  then  engaged  in  researches  on  the 
f*»Jl*T  of  Mars,  had  previously  resolved  to  obsen-e  this  interesting  pbe- 
nometiQtL.  but  he  was  prevented  by  cloudy  weather  from  effecting  his  ob- 
j«Ct  Phenomena  of  a  aimiW  nature  have  occurred  in  more  recent  times, 
but  no  physical  consequences  have  been  dedui^ed  from  them. 

•  See  a  collection  of  observation*  of  thi»  nnhire  in  a  paper  bj  Sir  James  South  on 
the  occuUalion  of  9  Piscium  by  the  moon  (Mem.  AsL  StiC,  vol.  ill,  p.  30£t,  et  K(j). 

f  Brit  Assoc.  Rep.,  1845.     <  Tram,  of  the  Secttoiis,  p.  5.) 

t  Ad  VltelliDDem  Pafatipomcna,  p.  OCXS.  §   Ibid.,  p.  305. 

I  For  to  account,  by  Dr.  Bevu,  of  an  Dccultaticn  af  Mercury  by  Venus,  on  May  17, 
1737,  tee  tb«  PhihgopAieai  Tmniaciion»  for  J  737,  p.  394.  On  tbis  occasion,  ihc  inle- 
resttrrg  fhenometiOD  alluded  to  by  Kepler  doca  not  seem  to  have  been  remarked  by  any 
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CHAPTER  XVIII. 

Early  Methods  of  bbservmg  the  Celestial  BchUck. — fnitnuiKnte  of  th«  Giwk  Ai- 
tioQoni<.>re.^  Accurattt  PriDcLplei  of  ObaeniadQii  fint  emplDjedi  bj  the  A.ctTODoai«n  of 
the  Alexandriui  School.— iDaprovemeDts  cSected  by  KippwnJitiir— Ptolemjr  nibttiluta 
the  Quadrant  for  the  ComjHele  Circle. — ^Aiabisn  ABtrooomere, — Hie  Method  bf 
which  thev  infijeated  ih*  Time  of  an  Obsenratton.— Reviiil  of  Practical  AMtnatmjiD 
Europe .-1  Labours  of  WilthenM, — ^Tycho  Brab6,^^LaiM%nm  of  Hene.— ^HencUm-' 
Ciote  of  the  Tj'cliuhic  School  of  OWrvuion, — Obwrntoiy  of  CopenliuKS  oak- 
liBbed. — The  Pendulucn  applied  ta  clock*  liy  Hujahefu.^ — The  Rojal  Sodelf  of 
London,  and  the  Academy  of  Sciences  of  Paris,  estabushed — tBventioD  of  the  Idtcnh 
TnHcr.— Application  of  ihc  TelcEcope  to  divided  instnidDiedts. — Obeervatoriea  of  ?^ 
and  Greenwich  established, — -Labours  of  Roemen — Transit  Intlmmvnt  in«^ent»4.— 
The  use  of  Circular  lustrutneuts  for  taking  Attitude!  iDtcoduoed.  ^ L«t>ouR  uf  Fka- 
iteed  and  Hallcy.^ Royal  Obicnalory  of  Paiii. — Cooiroenceinent  of  tbe  m  ef 
accurate  ob*eri.itioii.  —  Bnndley. — Lacaillc— Mayer — Ma*ielyne, —  Pood,— Ally.— 
Reduction  of  Planetary  and  Lunar  ObMTratians. — Prescat  &tal«  of  Ptncticsl  At* 
tronomy. 

The  btstorj  of  &8tTonom;  does  not  exkibit  a  more  interi^ating  ptctov 
than  tbat  which  rapreseots  the  pixjgrefls  of  the  art  of  observalioii.  from  liM 
ruile  essays  of  early  ages  to  tae  refinement  atid   preckion  which  cht- 
racterise  its  present  state  of  anlTanoemenL     The  Cht^deans,  to  wh>:»m  tl» 
ori^n  of  ostronotuy  is  usxmllj  ascrlhed,  do  not  seem  to  have  attained  uxf 
excellence  in  this  important  department  of  the  science.     Their  obserr»> 
tiona  of  eclii>sea  of  the  moon,  as  cited  bj  Ptolemy  in  the  Sjnfcaus,  *«  t* 
rude  as  can  ponsibly  be  imagined.     The  time  in  expressed  onlr  in  hours, 
Rnd  ilie  quantity  eclipseil  in  terms  of  the  half  and  quaiter  of  the  moon* 
diameter.     Herodotus  states  that  the  Greeks  -were  indebted  to  ibe  Ba^- 
lonian»  for  the  pole,  the  ffnomon,  and  the  division  of  the  day  into  ltfWr« 
houra.     The  pole  ■eaiBS  to  imvs  been  a  concave  hemLspherieiit  suti'diul, 
having  a  vertical  style  in  the  centre,  by  means  of  which  the  intaml  in- 
cluded between  sunrise  aud  aunaet,  for  each  day  throughout  die  year,  wn 
dtvide4l  into  tiadve  equal  partij.     The  construction  of  such  an  iliS&UlDint 
doea  not  require  any  ac^iuaiutauce  with  the  principles  of  trigoncpmattj  or 
dialling;  it  merely  implies  a  knowledge  of  the  unij'ortn  motiou  of  tlie 
celestial  t=phere.     THk  gnomon,  besides  beiug  an  imperfect  instronicnt  fur 
astronomical  purposes,  is  Hinited  in  ita  Hpplication.     It  h  prubabie  ibat. 
by  the  use  of  it,  the  Chaldeans  Bueceeded  in  obtainitjg  an  appro^iimfilion  iw 
the  length  of  the  sular  year^  but  there  is  not  the  smallest  reason  to  sup- 
pose that  tht^y  employed  it  in  determining  atiy  other  of  the  fundjtmenttl 
fuctH  of  astronomy.     Indeed,  tlicy  do  not  seem  to  hit\L''  made  oltser^atJODS 
at  all  for  the  purpose  of  forming  matcrialH  to  servo  as  the  groundwork  of 
future  reasoning.     They  simply  contented  themselves  vdtli  noting  ihf 
mort^  I'emarkable  phenomena  as  they  occurred,  and  heuce  deducing  a  few 
rough  conclusions  of  a  general  natinre.     It  is  matiilest  Ihat  do  long  s~ 
astronomy  LOtitiuued  to  be  cultivated  in  thiii  manner,  it  could  not  atl^a 
high  state  of  perfection. 

The  Greek  philosophers  were  too  much  preoccupied  with  the  idea  «rf 
aniving  at  final  conclusions  on  all  sulrjects  by  the  mere  force  of  akrtnct 
discussion,  to  devote  their  attention  to  the  prosecution  of  astronomicJl 
obsuni'ations.  It  would  appear,  however,  that  by  comparing  together  tie 
Chaldean  records  of  eclipses,  extending  over  a  long  succession  of  age*, 
some  of  the  emhcr  of  the  Greek  inatbematicians  aseertaiued  with  con* 
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Biderable  accuracy  sereral  periods  relftUng  to  the  tnolion  of  the  moon.  The 
earliest  astronomical  obserration  recorded  as  huvio^  been  ninde  by  Uie 
Greeks  previous  to  the  establishment  of  the  Alexaudriou  School,  is  a  deter- 
oiiiiation  of  tbe  summer  sobtice  by  Meton^  in  the  year  430  a.c  The 
instmment,  termed  a  heUomtter,  which  was  used  by  Heton  oti  this  oe- 
oKiion,  fras,  in  nil  probtibllity,  no  other  than  a  modification  of  the  gnomon. 
TEe  (iftte  df  this  aolatice  has  been  chosen  for  the  epoch  of  the  Metonic 
c^de  of  nineteen  years,  which  i^  employed  in,  regulating  the  occurrence  of 
reU|^oiit  feedfala. 

A  new  era  oommenced  in  the  Mstory  of  astronomical  obstervalion  when 
Alexandria  became  the  capital  of  the  ciTilised  world.  Under  the  liberal 
patronage  of  the  Ptokmies  a  magnificent  building  was  erected,  in  wUIcli 
were  deposited  ciVcw^ar  instruments  tor  dt?terniining  the  positions  of  the 
heATenly  bodies,  and  eTery  fadUty  was  given  to  astronomers  for  prosecuting 
t  coBtinuous  series  of  ohservaticms,  Timocbaris  and  Ariatillus  are  the 
earliest  intli  rid  dials  mentioned  in  coonexion  \vith  this  school.  These  ai^trO' 
nomers  appear  to  have  flourished  about  the  year  300  a.c.  Ptolemy  cites 
setreral  of  their  obaervations  in  the  Syntajtis,  Among  these  are  the  de- 
elinations  of  a  few  of  the  principal  stars.  It  is  evident  that  such  results 
eoold  not  be  established  without  a  knowledge  of  the  position  of  the 
equator  in  the  celestial  aphpre.  It  does  not  appear  that  the  earlier  astro- 
nomers of  the  Alexandrian  School  were  acquainted  with  any  metliod  for 
determining  the  right  ascensions  of  the  $ttirs.  At  any  rate  Ptolemy  does 
not  cite  any  observations  of  tbb  kind  as  having  been  made  by  them.  Indeed, 
ihere  are  no  frrounds  for  eupposiiig  that  they  knew  the  exact  position  of 
the  equitioctiid  colure  upon  which  the  right  ascension  of  a  star  depends. 
It  is  a  remarkable  fact,  however,  that  Hipparchus  was  enabled  by  means 
of  eertoin  eclipses  of  the  moon,  observed  by  Timocharia,  to  deteriuine  the 
place  oci'Hpied  by  the  equinoi  among  the  stars  in  the  days  of  that  astro- 
nomer.  Tims,  Ptolemy  states  that  Hipparchus  having  compared  several 
eclipaea  of  the  moon,  ohserTfed  very  accumtely  by  bimself,  witn  other  more 
tncient  eclipses,  observed  by  Timocharis,  found  that  while  the  bright  star. 
B^ie^  Yirginu,  preceded  the  Autumnjil  equinox  8"  in  the  time  of  the  kat- 
mentioned  astronomer,  it  preceded  the  same  equinox  only  6°  in  his  own 
time  ».  No  account  whatever  is  given  of  the  process  by  ivhich  these 
interesting  results  were  arrived  at. 

*  SfntAXiR.lib.  rii.,  cap.  it.  Mlth  rfapect  to  the  mixie  in  whrcK  IlippnTchua  determined 
llie  place  of  the  equinox  by  raeauiDf  his  own  nt»(rvations  of  eclipses  of  tlve  moan,  it  wbb 
dmiHleit  the  Htme  *»  th»t  which  will  be  presently  alluded  to  in  the  text.  But  it  ift  dilli- 
eait  to  imsffine  by  mhni  procna  he  was  enabled  to  deduce  a  gimibr  result  fruta  the  obser. 
fillnH  of  TiiDOchorii,  unce  tliere  are  no  uroundi  fur  luppming  ihal  the  kileraatrcHiomer 
^tmttmmA  m  intmniGtit  for  meuurmg  ibe  diSerencc  of  the  figbt  9«cen»ioi»  of  two 
eeiestial  bodies.  It  U  prabAblc  that  if  a  brigbt  star  hfippenvrl  to  be  very  noar  the  tnoon  at 
the  dta«  of  an  ecUp<e,  its  po^itiim  iri  the  direction  of  the  zodiac  with  recpect  to  that  body 
Kxi  rou)fhl^  delennined  with  the  in^rument  GtnplDved  in  nicitsuriTi|^  the  declinalioag  of 
tW  itart,  and  the  remit  reoorde<l  a»  part  of  I  be  oWrratian  nt  the  edlpM.  ll  in  not 
dtflcuH  to  coaL«i?tt  ibat  an  mRiniircnt  eonnpnicd  of  r  circle  fixed  in  ibc  plane 
of  lh«  ^ittlar,  and  another  circto  <if  i^qiial  nmirnliude  movcnble  about  its  pt>]e». 
WBu)sA  Kr*e  fur  tlio  appro xicn^ite  iDL>ajiifCMii(.-iit  ut  ihf  difTeft'noc  of  the  ri^hl  asccnsuoni  of 
tvoeelestifel  bodie*  sfiuale  very  near  (he  uquatnr,  The  earlier  ajslroiiotncn  oF  the  Alex- 
■RdritO  Scbooifin  all  pmbabtlily,  did  notcoDlemplate  any  deGciile  object  in  nuring  the  po- 
lirieM  of  tli«  aten  in  llie  virinJty  of  the  moon  during  ihe  eciipies  of  ttial  budy.  bidced, 
it  wouM  have  been  ItDpoeaible  to  dedu{-e  ibc  place  of  the  equinoit  amon^  the  stani  from 
PMuIti,  even  if  Ihej  had  b*cn  accurately  determined  with  the  astrolab*^  j  for  the 
pfaue  of  the  moon,  with  wtpoct  to  the  cqiiinnx,  could  not  havt-  been  ascertained  without 
lit  there  is  not  the  smnllest  reason  to  sitrtxisC  that  aatronomere  were 


We  owe  to  Eratosthenes,  another  of  the  ajstronomers  "who  observed  at 
Alexandria,  the  earliest  determinBtioa  of  one  of  the  most  important 
elementa  of  aatrononiical  science.  This  astronomer  is  said  to  have  meA" 
Bured  the  distance  between  the  tropics,  and  to  have  found  it  to  be  equal 
to  ^1^  parts  of  the  circumference  of  the  circle.  This  gives  23"  61'  19".5 
for  the  obliquity  of  the  ecliptic — a  result  which  exhibits  a  remarkable  agree- 
ment with  that  asaigued  by  the  theory  of  gravitation,  as  the  true  value  of 
the  element,  in  the  age  of  Eratosthenes. 

It  IB  manifest  that  neither  the  distances  of  the  stars  from  the  equator, 
nor  the  obliquity  of  the  ecliptic,  could  have  been  determined!  even  rouglily 
■without  the  use  of  instrumonta.  The  iufonoatioa  which  Ptolemy  baa 
supplied  upon  this  subject  is  exceedingly  scanty.  In  treating  of  the  ob- 
liquity of  the  ecliptic,  he  describes  au  instrument  for  determining  the 
meridional  altitude  of  the  suu.  It  was  composed  of  two  concentric  circles, 
placed  exactly  in  the  plane  of  the  meridian,  one  of  which  revolved  within 
tlie  other  about  their  comnion  centre.  The  inner  circle  carried  two  stnall 
prisma  atUiclied  to  the  opposite  extremities  of  a  diip.Dieter,  and  when  the 
sun  wns  on  the  meridian,  it  was  turned  round  until  the  shadow  of  the 
upper  prism  fell  exactly  upon  the  lower  one.  An  index,  aBbced  to  the 
latter,  then  marked  upon  the  graduated  limb  of  the  oater  circle  the 
meridional  altitude  of  the  sun*.  It  was,  in  all  probability,  by  mean^  of 
fin  instrument  of  this  construction  that  Eratosthenes  determined  Iho 
altitude  of  the  sun  at  each  of  the  solstices,  and  hence  deduced  the  distaru*^ 
between  the  tropica,  the  half  of  which  distance  gives  the  obliquity  of  die 
ecliptic. 

From  the  observed  altitudes  of  the  sun  at  the  summer  and  winter  solsUeej, 
it  vras  easy  to  infer  the  position  of  the  equator  in  the  celestial  sphere.  In 
order  to  ascertain  the  pa^F^age  of  the  sun  through  the  equinox,  a  circular  ring 
of  metal  was  disposed  in  the  plane  of  the  equator,  and  the  shadow  of  the 
upper  half  was  watched  until  it  fell  upon  the  inner  or  concave  surface  of 
the  lower  half.  As  the  shadow  did  not  cover  the  entire  breadth  of  Uw 
surface  on  which  it  (aW,  it  is  manifest  that  the  instant  when  the  stuface  y^ts 
equally  illumioated  on  each  side  of  the  shadow,  indicated  the  presence  of 
the  suu  in  the  plane  of  the  eqimtor.  Ptolemy  cites  a  passage  from  Hip- 
parchus,  in  which  that  astronomer  refei-s  to  two  circles  of  tliis  descriptioa 
that  were  need  at  Alexandria  for  observing  the  passage  of  the  sun  through 
the  equinoxes.  They  were  constructed  of  copper,  and  were  placed  in  the 
square  portico  of  the  Museum  \. 

Ptolemy  has  given  no  account  of  the  instrument  by  means  of  which 
the  earlier  astronomers  determined  the  distances  of  the  stara  fmrn 
the  equator.  It  in  all  probability  resembled,  in  principle,  the  astrolabe 
which  Hipparchus  employed  at  a  subsequent  perioil  in  observing  the  stars, 
only  it  was  more  simple  in  construction,  since  the  use  of  it  wa3  conimed 
to  one  measurement  relative  to  each  star.  In  fact,  if  we  suppose  a  circle 
to  be  placed  in  the  plane  of  the  equator,  and  another  cirtrle  of  equal  raig- 
nitude  to  be  movable  around  its  poles,  the  distance  of  each  star  from  the 
equator  would  be  ascertained  by  turning  the  latter  circle  round  until  the 
Btar  appeared  in  its  plane,  and  then  noting  the  place  of  the  star  on  its 
divided  limb. 

Whatever  credit  may  be  due  to  the  earlier  astronomers  of  the  A1<a- 

quaintert  with  any  method  of  reducing  the  raotioa  of  the  sun  to  calculation  uadl  Hipfur- 
cbui  undertook  liis  reflCMchcs  on  the  subject, 

•  Sjntaxis,  lib,  L,  cap.  *.  lUd,  lib.  iii,,  cap.  ii. 
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atidrian  S^ihool  for  the  sound  principles  of  observation  which  they  appear 
to  have  praetised,  as  well  as  for  the  care  with  which  they  determined  some 
elements  of  fundamental  importance,  it  is  to  Hippardius  alone  that  the 
eetalfliahment  of  astronomy,  aa  a  science  of  calcuialion  based  upon  ob- 
served facts,  U  to  be  attributed.  The  mode  in  which  he  availed  himself 
of  the  results  of  observation,  in  the  execution  of  this  great  work,  13  in  the 
highest  degree  interesting.  One  of  the  most  important  elements  of  estro- 
nomii:^  science  is  the  length  of  the  tropii^  year.  Hitherto  it  had  been 
sopposed  to  consist  exactly  of  365 J  days.  Hipparchus,  however,  having 
compsred  a  solstice  observed  by  himself  vfiih.  one  observed  by  Aristarcbus 
147  jears  earlier,  found  that  the  sun  arrived  in  the  same  place  Ifl  hours 
Booner  than  he  ought  to  have  done,  if  the  year  had  cousieted  exjw?tly  of 
865  J  days.  He,  therefore,  concluded  that  the  true  length  of  the  year  was 
lets  than  this  quantity  by  ^^ftjth  part,  and  consequently  he  determined  it 
to  be  equal  to  S65*  5^  55*"  13'.  This  is  the  earliest  example,  in  the 
history  of  astronomy,  of  the  correction  of  a  fundamental  fact  of  the  sci- 
ence by  the  comparison  of  two  distant  observations.  The  result  obtained 
by  Hipparchua  on  this  occasion  exceeds  the  true  length  of  the  tropical 
year  by  about  six  minates ;  but  the  magnitude  of  the  error  is  not  to  be 
wondered  at,  when  the  difficulty  of  determining  the  exact  icstant  of  the 
Istice  is  takeu  into  account*. 

Another  beautiful  example  of  the  siteplicity  of  the  means  employed  by 
ipparchus  in  establishing  the  basis  of  his  theories,  is  exhibited  in  his  re* 
searchea  on  the  elements  of  the  solar  orbit  Having  found  that  an  interval 
of  Di**  J 3^  elapsed  between  the  verual  equinox  and  the  summer  solstice, 
while  only  O'i*^  \^^  were  included  between  the  summer  solstice  and  the 
autumnal  equinox,  he  from  these  two  facts  deduced  the  eccentricity  of  the 
solar  orbit,  and  also  the  place  of  the  apogee.  His  mode  of  deriving  the 
analogous  elements  of  the  lunar  orbit  from  three  observed  eclipses  of 
the  moon,  is  also  equally  worthy  of  admiration. 

This  illustrious  astronomer  did  not  content  himself  with  merely  ob- 
serving the  moon  on  those  occasions  during  which  she  was  eclipsed,  and 
determining  her  place  in  the  heavens  by  means  of  the  sun,  which  was  then 
opposite  to  her.  He  also  observed  her  position  io  other  parts  of  her 
orbit  by  means  of  the  astrolabe,  an  inatrument  of  which  he  is  supposed, 
ith  great  probability,  to  have  been  the  original  inventory.     Ptolemy 


The  eouiDoxca  admit  of  more  accurate  detcmii nation  tlian  the  solstices,  biit  there 
irere  no  tarly  obienations  of  this  Lind  awesalljic  to  liiftparclius.  He  did  not  fail,  how* 
ewr,  to  observe  ecrcral  equinostcj  witfi  great  care,  in  order  ihal  tbo  result*  iniglil  servo  lu 
iiKiiil  maierialfi,  at  mjidb  future  period,  for  the  advaneertient  of  astronotnica)  scicnee-  Pto- 
lemy, cocnirig  ]60  year*  after  Hippiu-chus,  might  have  deduced  a  further  OOirectton  (O  the 
(ength  of  the  tropical  year,  but  he  ha>  sadly  damaged  his  rcputslion  as  an  observer  by  hu 
nsearcbct  on  this  subject.  Lalaade,  however,  by  comparing  9  equinoxei  detenntncil  by 
Hippcrchua,  wiih  the  observgtiona  of  Tnodcrn  ofitrorrotncrf,  lias  obtained,  965'  5*  49"  4&* 
for  the  lenj^h  of  Ihc  tropical  yc&r;  a  result  whicli  docs  not  pi?rl]a];«  difler  one  second  frcm 
the  true  nlue.     (M&n,  Acad,  de*  Sntnct*,  1782,  p.  249,) 

f  Certain  jmnge«  in  the  works  of  Piiny  and  aevcral  other  ancient  write ni,  concur 
ID  MipjmrtiDg  thi«  vtertton.  But,  indeed,  aprt  from  all  positive  stateuientB,  there  i«  a 
•IrDBg  pntumptton  that  Hifiparchut  wm  the  inventDr  of  ihe  astrolabe,  since  it  is  almort 
Hnpoanble  to  conceive  that  il  could  be  of  any  service  to  astronomy  previous  1o  hi*  time. 
Tbut,  one  of  the  objects  of  the  astrolabe  wm  to  determine  the  longitude  of  the  moon 
retalive  Id  tbe  i^un  in  dilTei-ent  parts  of  her  orhit ;  but  no  such  observations  were  made  by 
the  earlier  astronoraers,  since  ihey  were  unacquainted  with  any  theory  of  the  oii>on'» 
motion,  and  Ibereforc  had  no  obvious  motive  for  obseninR  that  body  except  in  eclifwit- 
bbject  of  the  aairoiabe  waa  to  detenmiae  the  diflerenctt  of  ibe  light  asfeDsiops 
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jiven  a  deacrlptioii  of  the  aalrokbo  in  tlie  beginning  of  llse  fifth 
book  of  the  Sgiitttjsis.  ft  vrm  used  for  the  purpose  of  determininc  \h& 
liititude  of  a  celetitiu.!  bodr,  and  iu  longitude  relative  to  another  bodjr, 
with  whieh  it  vim  compared,  ^vhoee  absolute  longitude  was  known,  Two 
©qu«l  oimles,  whose  plunea  were  perpendicular  to  each  other,  were  final/ 
fattened  together,  and  were  so  disponed  that  the  one  represented  tM 
celestial  ecliptic,  and  the  other  the  solstitial  cohire.  At  the  points  gf  tfai 
solstitial  circle,  corresponding  to  the  poles  of  the  ecliptic,  there  were 
pjjiced  two  cylindei'fl,  which  projected  botli  within  and  vilhout  the  circle. 
To  the  outer  cylinders  was  adapted  a  raovaUlo  circle  of  latitude,  the  in- 
terior of  which  ooincided  exactly  with  the  exterior  of  the  solstitial  cirtlfl. 
A  aimilarly  movable  circle  was  adapted  to  the  inner  cylinders,  which  w»a 
mt  Conn t rue t&l  ua  ta  be  embraced  exactly  by  the  concgvo  audkce  of  tbti 
loktitial  circle.  The  whole  machine  was  made  to  turn  round  tb«  tvo 
pointa  in  the  golttidal  col  u  re  correspouding  to  the  poles  of  the  equator, 
and  its  position  vrm  adjusted  by  directing  the  axis  of  revolution  to  the 
poles  of  I  ho  celestial  equator, 

Wlien  it  WHS  required  to  determine  the  position  of  a  celestiAl 
with  this  iuiitrument,  by  means  of  another  body  whose  position  bad 
already  ascertained,  the  exterior  circle  was  made  to  revolve  until  the  latter 
body  ajipeared  in  its  plane,  and  the  interior  circle  was  sinailarly  directed 
to  the  body  whose  position  was  to  be  found.  The  distance  betwet^n  tliese 
two  circles,  measured  upon  the  etdiptic,  then  gave  the  difference  of  tlie 
Inngitudeti  of  the  two  bodies,  and  the  distance  of  the  second  body  £ram 
the  ecliptic,  measured  upon  the  iuterjor  circle,  gave  its  latitude'. 

The  natrolabe  thu9  couatructed  served  to  determine  the  poeition  of  t 
celestial  body  by  means  of  its  longitude  and  latitude.  It  is  manifest  thftt, 
hy  placing  a  circle  iu  the  plane  of  the  equator,  the  same  object  might  b« 
ncconiplished  with  still  greatei'  facility  by  observing  the  right  ascension 
and  declinrtdun  of  the  body  Hipparchua  nuigt  have  used  the  astrolabe  in 
this  form  in  the  early  part  of  his  career,  since  it  is  by  means  of  tlieir  right 
ascensions  and  declinations  that  he  originally  indicated  tbo  places  of  the 
stars.  Ho  was  doubtless  induced  to  abandon  this  practice  upon  hii 
discovery  of  the  prcoes^sion  of  the  equinoj^os,  since  an  obvious  aavaatigs 
then  appeared  to  result  from  the  designation  of  the  place  of  a  star  by  its 
longitude  and  latitude. 

It  does  not  appear  that  refjukir  observations  of  the  moon  were  made  by 
any  astronomer  previous  to  Hipparchus.  The  earlier  observers  coniined 
themselves  to  notices  of  eclipgee  and  occultations,  and  it  wtia  by  an  exami- 
nation of  records  of  the  former  class  of  phenomena,  eiEtending  over  a  long 
eucceBsiou  of  ag(?s.  that  the  Greek  mathematicians  arrived  at  tho««  secitkr 
periods  relative  po  the  moon's  mean  motion,  which  Ptolemy  has  alluded  to 
in  the  ByntAvia,  Hipparchus  also,  as  has  been  already  men  tinned,  de- 
duced the  elements  of  the  lunar  orbit  from  observations  of  ecli 
BO  long  oa  he  con  lined  his  researches  on  the  moon's  motion  to  her  « 

or  longif udes  of  two  Mars,      Sucli  obiervations  would  h«ve  been  of  no  value  unl 
b&fn  poMtbte,  in  each  caw.tOBKCcrtain  alio  Iheabwlulc  place  ofei  I  tier  of  [he  Hmn  wl 
tftei-t  t<i  thepij^uinii^F.     Thi«,  however,  could  not  be  eflected  without  l)io  uteof  folar  I 
(fttii^mt  according  to  any  method  known  in  ancient  timet),  and  Auoh  mere  not  avalt 
(he  earlier  Asfrnnnmers  of  thtv  Alcsiin  Irinn  SchonL,  tjnce   Hinparchui  woi  the  1:th  ' 
€£tablt<h«^d  I  be  theory  of  llie  hiii'i  Afipjircnt  motion. 

•  The  place  of  the  star  upon  the  ititfrior  circle  of  Utititdr>  wm  determined  by  mnm 
of  ■  iinialil«r  concentric  circle  revolving  b  the  nma  p\iLot,  which  wa*  furoikhcd  wjlJi  lvt> 
fiffljectljig  pinmilfta  diamcirically  opfiotitB  to  ucb  other. 
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ha  firanid  ft  satisfactory  agreement  between  the  results  of  theory  find  those 
of  obseTfution.  Bat  when  he  was  enabled  bj  means  of  the  astrolabe  to 
ohKrre  the  position  of  the  mooD  in  other  puts  of  her  ojrhit,  and  more 
isped&llj  in  the  quadratures,  he  detected  «  series  of  discordances  between 
her  actual  and  computed  places,  which  Beamed  irreconcilable  with  the 
theory  of  her  motion  as  established  bj  him.  The  true  explanation  of 
theee  anomaUes  was  reserved  for  Ftolemj ;  bat  it  must  be  borne  in  mind 
tbat  Hipporchos  first  detected  their  eiiatence,  and  that  he  also  executed 
A  great  number  of  the  ohsen'ations  which  serred  as  the  basis  of  Ptolemy's 
merefeea  on  the  subject*. 

Hipparchus  did  not  fail  to  make  numerous  observations  of  the  planets, 
which  at  a  flnbisequent  period  farmed  precious  materials  to  Ptoiemy  in 
establishing  the  theory  of  their  movements.  But  the  most  remarkable 
ratuU  which  crownfld  the  labours  of  this  great  astronomer  was  his  dia- 
wtery  of  the  precession  of  the  equinoxes.  It  was  doubtlesa  with  the 
new  of  emablLng  posterity  to  anive  at  a  more  aceurate  knowledge  of  this 
singnW  phenomenon,  that  he  conceived  tho  grand  design  of  determining 
the  positions  of  all  the  stars  visible  in  the  firmament,  so  as  to  gire  a 
£utMul  representation  of  the  celestial  sphere  as  it  appeared  in  his  time. 
It  wtB  nacmrnxf  for  this  purpose  to  determine  the  ej^act  plau©  of  either 
of  the  equinoxes  among  the  stars,  but  a  serious  obstacle  stood  in  the  veaj 
of  eSbeting  this  object.  The  position  of  the  equinox  in  the  celestial 
sphere  is  determined  by  tlie  po^isage  of  the  sun  across  the  equinoctial 
cLTcle ;  hut  when  the  sun  is  above  the  horizon  there  are  no  stars  visible 
irfaose  position  might  be  determined  mth  respect  to  him.  and  ^vhen  the 
Btara  have  became  suitable  objects  for  obserYetion,  the  suu  has  already 
dbappeared.  This  seems  to  hnre  formed  an  insuperable  impediment  to 
the  earlier  astronomers  in  their  endt-avours  to  ascertain  the  absolute  right 
ascenaioR  or  longitude  of  a  star.  Hipparehus  devised  two  distinct  modes 
of  obviating  this  difficulty.  Ono  of  these  was  by  observations  made 
dming  eclipses  of  the  moon.  Since  the  angular  distance  between  the 
Banaad  moon  is  exactly  IBO^  on  all  such  occasions,  it  follows  that,  the 
place  of  the  moon  during  an  eclipse  is  directly  deducible  from  that  of 
the  sun ;  and  as  the  place  of  the  sun  with  respect  to  the  equinox  is  known 
by  the  solar  tables,  the  place  of  the  moon  with  respect  to  the  equinox 
hence  becomes  kno^vn  also.  It  is  clear,  then,  that  if  the  difference  of  the 
loagitadee  or  the  right  ascensions  of  the  moon  and  a  star  be  determined 
with  the  astrolabe  during  the  occurrence  of  a  lunar  eclipse,  the  absolute 
position  of  the  star  with  respect  to  the  equinox  may  hence  be  ascertained  f. 

•  It  it  K  ruriou*  fcct  that  tUe  mequalily  here  referred  to,  l«rmpd  tbc  evectton,  confoundi 
itaelf  in  sj  jycec*  with  Ibc  elliptic  inequality  or  the  ct^ualion  oftlic  cetilre.     Hence  it  liap- 

Kned  that  observations  confined  cxdusively  to  cclipEcs  &ik'd  to  indicate  ill  tjffetcnce. 
olefDy.  in  hi*  pretimmnry  expwUion  of  the  inpqunllly,  rites  two  oh*emiijoiis,  one  by 
llip|Hrchu»  anrl  the  oiher  Isy  birasdf,  both  made  when  (be  morm  vttbia  the  wcond  qitadrii' 
tun.  The  obicrrBtiun  of  flipparebtis  iii  of  !>n  cuccpticinal  a  ualure,  ihivt  tt  is  impoKibIc 
Dot  to  conclude  that  it  vtan  taken  from  a  ffrcat  ma>»  of  observalitma,  altJitjui^h  Pjolcmy 
hiflueLf  ti  silent  upuii  this  pa'iuL  In  the  first  plaji-'e  tlw  apsidei  vrerv  in  »vtT(;ec«;  secondly. 
tbe  iDOoti  «u  in  quadratureg  I  tbirdlj,  fhe  wag  in  the  nnruLj^eatinat,  or  that  po  in  I  in  hi^r 
diunw]  coune  iit  which  the  tflectaf  her  parallax  took  place  wholl})  in  latitude.  (S^iaxu, 
lib.  v.,  cap.  iii.)  Vi'ith  the  view  of  cAnlimiing  hi*  explanation  of  the  incquntity,  Ptolemy 
wtsiqiMiitlT  citct  t«Fo  additional  obscnHLions  of  the  moon,  ioih  of  viiicft  Are  in  thi*  etm 
hf  Hippv^uiL  ^SifniajFts,  lib.  v.t  cap.  v.) 

■f  If  an  edipK  of  ibe  moon  happened  nh^in  the  sun  was.  in  cither  of  the  ^quinoxM, 
tbe  laaaa  woulo  nt'cestariij  be  in  tha  op|>0!iite  equinox,  and  bcnre  the  poillion  of  Iho 
latter  point  among  the  ttara  might  hn  OBcertained  wilhout  the  u»e  of  volur  tabl€B|  by 
uoiply  meuuringthe  distance,  in  right  ascenaion,  of  the  pioon  from  *tiy  of  the  neighbour- 


uisTOBT  or  pafsiciii  astbokomt. 

This  metbod,  however  iogenious,  laboured  under  tlie  dUadvanta^  of 
being  practicable  ouly  on  rare  oceasions.  The  other  method  contrived 
by  Hipparchus  for  attaining  the  same  end  ytas  more  general  in  its  appli- 
cation. When  the  sun  was  still  above  the  horizon,  he  determined  the 
difference  of  the  longitudes  of  the  sun  and  moou  with  the  astrolabe,  and 
as  soon  as  the  etar  became  visible  after  sunset,  he  ascertained,  in  a  similai 
manner,  the  dilTerence  of  the  longitudes  of  the  moon  and  sUr.  It  is  detf 
that  from  these  two  observatious  he  obtained  the  difierence  of  the  longi- 
tudes of  the  sun  and  star,  taking  into  account  the  correction  dae  for  Uie 
motion  of  the  moon  during  the  intermediate  interval :  and  as  the  place  of 
the  sun  with  respect  to  the  equinox  was  known  by  the  solar  tables,  be 
heuoe  deduced  the  absolute  longitude  of  the  star.  When  the  lotigituda 
of  one  Btur  tvas  accurately  found  bj  this  process,  the  longitude  cKf  auj 
other  etar  might  he  dirwclly  derived  from  it  by  simultaneous  observations 
of  both  stars  with  the  astrolabe.  It  was  thus  that  the  genius  of  Hippai- 
chus  triumphed  over  a  difficulty  which  long  appeared  to  be  insurmot>itt- 
abl6»  and  thereby  enabled  bim  to  etlect  with  complete  success  one  of  llie 
most  stupendous  undertakings  recorded  in  tiie  annals  of  scieuce. 

Ptolemy,  although  the  most  eminent  astronomer  of  antiquity,  after 
Hjpparchus,  does  not  rank  high  ag  an  observer.  It  has  been  dreidlj 
mentioned  that  his  catalogue  of  the  stars  has  been  strongly  suspected  to 
be  no  other  than  the  catalogue  of  Hipparcbus,  reduced  to  his  own  time  hj 
the  applimtion  to  alt  the  longitudes,  of  what  he  conceived  to  be  the  troe 
{|uantity  of  the  alteration  occasioned  by  the  precession  of  the  equinoKetl^ 
An  examination  of  his  labours  on  other  subjects  of  astronomy  tends  to 
cenfirm  this  impressiou.  He  nowhere  enters  into  that  minuteness  of 
description  which  indicates  a  bond  fide  observer  anxious  to  persuade  his 
readers  of  the  excellent  qualities  of  his  instruments,  and  of  the  precautioiiB 
which  he  employed  to  ensure  the  accuracy  of  his  results.  But  what  is 
most  to  be  deplored  is  bis  suppression  of  all  the  ancient  observatioos. 
including  those  of  Hipj>archus,  with  the  exception  of  the  few  whidi 
Ei^uare4  with  his  own  calculations.  The  loss  of  tliese  precious  matehvls 
has  involved  majiy  interesting  points  of  the  ancient  ^tronomy  in  impene- 
trable obscurity. 

An  account  bas  been  given  of  the  circular  instrument  employed  by  the 
ancient  astronomers  in  determining  the  meridional  altitude  of  the  &ud. 
Ptolemy  rejected  the  complete  circle,  adopting  in  its  slead  a  quadnuit, 
which  he  considered  to  be  preferable.  The  verticality  of  the  instrumeDt 
was  established  by  means  of  the  plumb-lhie.  A  small  cylinder  fixed  at  the 
centre  tlnrew  its  shadow  upon  a  similar  body  which  moved  along  the  divided 
limb,  and  thereby  indicated  the  altitude  of  the  sun  •.  The  Gre«k  «»tw- 
nome^  appear  to  have  divided  their  instrumeuts  only  to  every  ten  minutes. 
It  is  remarkable  that  Ptolemy  does  not  describe  any  mulhod  for  placing 
his  instruments  in  the  pLine  of  the  meridian. 

Ptolemy^a  substitution  of  the  quadrant  for  the  complete  cirvle  was  a 

ing  itan.  Even  if  ihe  eclipse  occuFred  a  few  days  before  or  after  flie  e<]i]max,  the  place 
of  tlie  Bun,  and  CDnwqucntly  ihal  of  iho  niDon,iii'ighc  slill  be  determined  fiithin  tbe  hmitt 


more  probable  that  Hip|>Eirchua,  who  cited  ihi^  fact  aa  a  proof  of  the  preoncdon  of  ihe 
etjuinoctial  i>oiti(s,  was  in  reality  Ihe  individual  wbci  first  csiublisbcd  its  exitteiicc  by  a  dii- 
cufiision  of  the  cc]ipse«  of  the  mooii  observed  by  Ttmofrhiarifl,  and  the  ^t«  of  hit  own  mtv 
theory, 

*  Eyotaiis,  lib  i^ 
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fetni^r&dd  M«p  in  practical  astronomj.  Tbb  circum  Glance,  bower er, 
was  g«ner&IlT  overlooked  by  all  hia  successors  doim  to  the  time  of  Roemer, 
vhiO  has  the  merit  of  beiog  tbe  first  to  restore  the  use  of  the  circle  in 
tttranonucal  observatioDS.  Indeed,  it  ia  only  in  our  own  day  that  tho 
qtMdzantbas  been  deBtutlTdv  abandoned  by  astronomers  as  on  essentijdJT 
ioipeiiect  Jnstmmetit  for  deCemiiiiiDg  the  apparent  positiotis  of  the  cdes- 
ttal  bodies. 

Altboogli  PtoleiDy  does  not  seem  to  bare  been  an  obserfer  of  the  first 
order,  he  poss^ses  amuj  claims  to  the  admiration  of  posteritj.  Abund&nt 
pniofs  of  his  sagacitj  are  to  be  foand  in  his  great  work,  the  Mathrmaika 
%/iX42jru,  but  his  discoreij  of  the  inequality  in  the  moon's  longitude,  terTned 
the  eTHBCtiow.  bj'  a  comparison  of  hia  own  observations  and  tJioae  of  Hip- 
parchos  with  tbe  computed  places  of  the  tnoon,  would  aloue  entitle  him 
to  be  ranked  inth.  tbe  greatest  astronomers  of  ancient  or  modem  times. 

Very  Little  is  known  respecting  the  mode  in  ^hich  time  was  measured 
bj  tlie  ancient  astronomers.  In  the  daytime  this  object  eeems  to  have 
been  effected  by  means  of  dials.  During  the  absence  of  tbe  eun  they 
DSAd  depsydivs  of  Tariona  sorta,  but  all  such  contriTaaces  "were  found  to 
ba  very  imperfect,  on  account  of  the  unequal  flow  of  the  water.  In  some 
tjie  time  of  an  observation  was  indicated  by  the  point  of  the 
which  was  on  the  toeridian.  This  method,  when  practicable,  was 
doidHless  preferable  to  any  other  with  which  the  ancient  astronomers  were 
ftDquainted. 

The  Arabian  astronomer!  do  not  seem  to  have  efiected  any  essential  im- 
provement in  tbe  methods  of  obserration.  Their  iuetrumenia,  however, 
were  generally  larger  and  better  constructed  than  those  of  the  Greek  astro- 
aomeis,  and  they  appear  lo  have  taken  greater  precaution  to  ensure  the 
aeenncy  of  their  results.  The  astrolabe,  as  used  by  them,  was,  iu  some 
incluiees,  a  complicated  instrument,  since  it  carried  circlea  representing 
the  equator,  thd  ecliptic,  and  tbe  other  principal  circles  of  the  celestiid 
aphere.  In  this  form  it  acquired  the  appellation  of  an  armillary  sphere. 
Inatrumeots  of  a  similar  construction  continued  to  be  used  in  making 
ojaaervattons  of  the  celestial  bodies  donn  to  tha  beginning  of  the  seven- 
teeotb  century. 

Tlie  Arabians  usually  indicated  the  time  of  an  obsen'ation  by  means 
of  the  apparent  altitude  of  a  star  whose  position  was  known.  It  haa 
been  mentioned  that  Ptolemy  has  given  no  account  of  the  method  he 
employed  in  tracing  a  meridian  line.  Tbe  Arabian  astronomers  elfected 
this  object  by  equal  altitudes  of  the  sun  when  he  was  east  and  west  of  the 
meridian*.  It  does  not  appear  that  they  took  into  account  the  effect  of 
tbe  motion  of  tbe  ami  during  the  intenaf  included  between  the  two  ob- 
serrations. 

Upon  tbe  revival  of  science  in  Europe  towards  the  close  of  the  fifteenth 
century,  the  cultivation  of  astronomy  was  for  some  time  confined  almoi^t 
exclusively  to  Germany.  Wahherus,  n  native  of  Nuremburg*  to  whom 
we  have  already  had  occasion  lo  allude,  may  be  considered  the  earliest 
individual  of  modern  times  whose  observutious  have  contributed  to  the 
adiancement  of  astrouomical  science.  He  first  introduced  the  practice  of 
detetmining  tike  apparent  place  of  a  planet  by  ob:$ervations  of  its  altitude, 
and  ita  distance  from  two  stars  whose  places  had  been  already  ascertained. 

*  Dcbmbre,  Hiat.  Ajt.  Moved  A^c,  p.  129.  The  xMiotioiiier!  of  India  appear  alw 
lo  luvc  piacnied  tliu  method  bj  Uacing  upoo  ibe  sand  a  circle  around  the  foot  of  the 
pKMDOIU 
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He  is  also  the  drat  astronomer  who  used  clock*  mo'ced  by  weights  for  the 
purpose  of  measuring  time.  These  pieces  of  mechanism  were  introduced 
originally  frora  eastern  countriea.  Paciiicus,  Archdeacon  of  Verona,  who 
flourished  in  tlie  ninth  cantury,  was  the  lirat  European  "trho  e^Datrueted  ft 
cl<Hik  with  wheels.  Oihera  were  soon  ffibricftted  in  different  countries  of 
Europe,  hut  tbey  were  used  onlj  in  the  public  edificea  of  great  lutiai 
before  WaJtherus  applied  them  to  the  purposes  of  astronomy. 

In  consequence  of  the  observations  of  Waltherus  being  the  e&rliist  df 
modern  times,  they  were  continually  used  at  a.  subsequent  period  in  ricti> 
fying  the  elements  of  a;stro?iomical  science  by  comparing  them  with  fiimiltr 
determinations  of  a  more  recent  date.  Lat^lle  has  employed  them  fpr 
this  purpose  in  hia  researches  on  the  solar  theory.  This  is  probably  the 
last  important  occasion  on  which  the  observations  of  Walthems  will  bo 
(.-onaulted.  la  the  present  day  it  ia  found  that  the  modem  obgertationa 
more  than  compensate  by  their  superior  accuracy  for  the  shortness  of  the 
time  that  has  elapsed  since  they  were  made, 

Copernicus,  about  the  middle  of  the  sixteenth  rentury.  had  reatnred  ibf 
true  system  of  the  world,  but  the  epieycltcal  fabric  still  remained  alniMt 
in  its  original  state.  To  Tj'cho  lirahe  is  due  the  immortHl  honour  of 
having  executed  the  aeries  of  observations  which  led  to  the  dia(»Ter|r  of 
the  real  nature  of  the  planetary  movements.  This  iUustrious  individual 
expended  his  whole  private  fortune,  amounting  to  a.  hotidred  tboosand 
cro\ms,  upon  oljectfi  connected  with  the  improvement  of  pra;cticml  Astn)* 
nomy.  His  collection  of  inatrumenta  was  one  of  the  most  ma^i^nificeat 
which  the  world  has  ever  seen,  Waltherus,  and  the  earlier  astrono&s^ti 
of  modern  Europe,  poBseesed  only  wooden  appliances  for  obserring  the 
positions  of  the  celestial  bodiea.  The  instrmoentii  of  Tycho  Brabe 
mainly  eonatructed  of  metal.  They  were  also  larger  and  more  ftoci 
divided  than  any  that  had  been  hitherto  applied  to  the  purposes  of 
nomical  ohsen'ation.  The  ancient  astronomers  appear  to  have  di 
their  instruments  only  to  eveiy  ten  minutes.  Some  of  Tycho  BrafaiT 
were  actually  divided  to  every  minute  ;  and  by  employing  the  method  ol 
transversals,  which  came  into  use  in  his  time,  thaj  were,  in  some  inftiin'if*. 
subdivided  to  every  ten  seconds  ■. 

Not  only  were  Tycho  Brahcs  instruments  vastly  Euporior  to  thoM 
hitherto  used  by  aatronomere.  but  his  methods  of  obser^'ation  were  also 
such  m  to  assure  a  greater  degree  of  precision  to  the  Anal  results  tbaa 
had  been  hitherto  attained.  By  taking  into  account  the  effect  of  refmction, 
he  avoided,  to  a  f^reat  extent,  a  source  of  error  which  had  vitiated  iho 
obsor^'ations  of  all  preceding  astronomers.  Hia  method  of  determining 
the  absolute  right  ascensions  of  the  stars  was  bIbo  a  vast  improvement 

*  It  may  be  remarked,  however,  that  in  his  actual  oUscrvntsdna  Tyclirv  Brahi-  bj  no  nwrns 
nttiuned  the  dcpree  of  precraJon  contemptatpcl  in  the  consiructioo  of  some  of  hit  humi- 
tnent>;  fbr  even  dlhouifh  thi?  divtsiom  at  the  limb  hail  been  fauldets  tii  any  casCi  lilt 
advutsj^  of  the  tniLrumcitt  in  thi»  re<i|)ect  wnuld  have  been  filiated  by  the  error  W^ 
mitt^d  in  the  pDintirtg  of  il  to  anj  ccleaiiftL  bodv,  an  error  which  it  wu  imp<^ble  to  i 
•olongasobservations  were  made  m it li  plain  Pights,  With  rcfpiwt  to  tfje  lOetbod  of  1 
venalvur,  a*  It  i»  more  conirannJv  termed  in  Enpland,  the  diagonal MCate^  Ttcho 
m<»ni»nn«  iPto<j^mnaitmata,j>,  671,  edit.  1610)  ihat  be  fimt  became  nrquainted  with  ft 
when  he  wui  n  student  at  the  univcnitv  of  i^ipflic,  having  obtained  a  dtWTiption  af  it 
from  one  of  the  prufenon  named  Homehu!?,  but  that  he  is  i^rnnmnt  nf  the  real  autliorof 
the  invention.  Thymus  Dip(;fca  {Ala  steu  Scahr.  Mathitmntka,  Capitulum  JXIrfnvm ;  Zoa- 
dini,  I57d)  aM^rtJ!  tbnl  il  wai*  invented  by  Richard  Chanxter,  an  Kri|;titlt  artist  r«nr.»u«  fvr 
hiA  Kktlt  in  the  conilruction  of  rnathemitic^]  ttiilritinentji  and  that  U  hftd  item  \ot\g  wrii 
known  in  England. 
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oter  ibftt  employed  bj  the  nneieut  ostitinomei's..  Tt  h&&  \i&6n  already 
menltoned  Uiat  Hipparchus  determined  the  placea  of  the  stars  with  respect 
ta  the  eiiuinox,  hy  using  the  moon  aa  An  intermedtftte  object  nf  observatioa 
between  the  sun  and  Uie  stars.  This  method,  howeyer,  was  very  iraper- 
feet,  on  account  of  tba  rapid  motion  of  the  moon  and  the  uncertaintj  that 
prevailed  rMpectiog  the  exact  value  of  her  parallax.  Some  of  Tydio 
Bmhe  fi  oontempomriee.  among  others  the  Liuidgrave  of  Hesse  Caflsalt 
Mbght  to  determine  the  absolute  placo  of  a  star  by  menns  of  its  nsimuth 
•od  attitude,  combined  with  tlie  Um^  of  observation.  A  serious  objection 
to  this  method  conaiateil  in  the  difficalty  of  measuring  time  with  suf- 
ftcient  accuracy.  NotidthstandiDg  all  the  eJTorts  of  Tycho  Bmh6  and 
ifae  Landgrave,  thej  were  unable  to  procure  clocks  that  could  he  relied  upon 
far  fiuoh  a  purpose.  Tyeho  has  not  failed  to  enumerate  the  various  source* 
of  their  irregularity,  They  were  perpetiiaJly  liable  to  be  affected  hy 
ehangeei  of  temperature  ajid  currents  of  air.  even  although  the  precaution 
wtm  used  of  keeping  ihem  ip  heated  apartments.  Again,  it  was  fotind 
impooiihle  to  conitruct  the  teeth  of  wheels  with  such  regularity  as  to 
endore  a  perfectly  uniform  motion ;  and  hence,  even  although  the  daily 
times  of  restitution  of  such  clocks  should  appear  equal,  by  comparing  them 
eitber  with  the  sun  or  the  stara,  they  tvouM  foil  to  indicate  tSie  interme- 
diate intervals  of  lime  with  the  same  regulanty.  Finally,  the  heavj'  body 
^  which  occasioned  the  motion  did  not  act  uniformly  during  its  descent,  for 
when  H  was  in  the  lower  part  of  its  course,  the  weight  of  the  cord  by  which 
it  wtts  attached  tended  in  some  degree  to  increase  its  efficacy,  however 
slender  the  cord  might  he ;  and  the  emallest  irregularity  could  not  be 
overlooked,  &tuce  an  error  of  four  seconds  in  time  was  equivalent  to  one 
of  a  miuate  in  spaoe  *. 

While  pondering  on  the  difficulties  of  this  subject,  the  happy  idea 
occurred  to  Tycho  Brahe  of  eubstituting  Venug  for  the  moon,  as  the  inter- 
mediftte  object  of  observation  between  the  sun  and  the  stare.  This  planet 
has  n  much  slower  motion  than  tbe  moou,  and  at  the  same  time  has  a 
smaller  [uiraUait.  It  is  therefore  obviously  better  adapted  than  that  body 
for  ascertaining  an  element  of  fundamental  importance,  surh  as  the  abso- 
lute right  iLjcension  of  astflr.  Hefore  f^unset  he  made  simultaneous  ohaer- 
nliouB  on  tlie  sun  and  (lie  planet,  and  when  the  sun  disappeared  he  made 
«ioiilar  observations  on  the  planet  and  the  star.  In  this  manner  he  deter- 
mined the  absolute  right  ascensions  of  several  of  the  most  brilliant  stars. 
and  by  meEuis  of  them  he  easily  obtained  the  right  ascensions  of  all  the 
othersf.  It  is  worthy  of  remark  that  "Walthenis  had  already  employed 
Venus  for  a  similar  purpose,  but  this  circumstance  seems  to  have  totally 
escaped  tlio  notice  of  Tycho. 

Allusion  has  been  made  to  the  mode  of  determining  the  position  of  a 
star  by  metns  of  its  idtittute  and  azimuth  combined  v^ith  the  fiw^  of  obser- 
vation. This  method  seems  to  have  been  practised  by  the  I^uidgrave  of 
B«eda  Caasel,  on  the  occasion  of  his  observations  of  the  new  Etiir  which 
api>eared  in  the  constellatiou  of  Cassiopeia,  in  the  year  1572,  Tycho,  in 
Im  work  on  the  same  star,  has  given  the  obaervations  of  the  prince  rela- 
tive la  its  apparent  place  in  the  heavens,  extending  from  Dec.  3,  167a, 
till  March  14.  1^70^.  These  appear  to  be  the  earliest  observations  in 
which  the  element  of  tit»£  was  employed  in  determining  the  right  aaoen- 
ijion  of  a  star. 
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It  app<?ars  fmm  the  work  of  Tycbo  Brahe,  above  cited,  thftt  Thaddeais 
Hagecius,  another  contemporary  astronomer  who  wrote  upon  the  new 
Btar,  ftdvancod  a  step  furtber  thau  the  Landgrave;  for  he  shewed  ttmt  bath 
the  decliuaUon  aud  right  asceusion  of  a  star  might  be  detenoined  by 
obMiring  its  altitude  on  the  meridian,  and  noting  the  time  of  observntion. 
Tjchd  bas  giveo,  as  an  exampte  of  this  method,  HageciuB's  detenmnation 
of  the  place  of  the  new  star.  He  takes  occasion,  at  the  same  time,  to  point 
out  the  various  defects  of  the  meLhod,  and  it  luust  be  admitted  that,  in  the 
e-tisting  state  of  practical  astronomy,  his  objections  were  not  without  weight. 
If  the  time  was  to  be  indicated  by  clocks,  it  would  be  impossible,  he  re- 
marked, to  avoid  errors  of  eerious  magnitude,  as  he  had  already  &hewB,  oo 
a  former  occusioii.  If  the  observed  altitude  of  a  star  was  etaplojed  Cor 
lliat  purpose,  the  chance  of  error  wouhl  be  equally  great,  for  Qmther  txHild 
the  absolute  place  of  the  star  be  ascertained  beforehapd  with  suffideut 
precision,  nor  could  its  altitude,  correspouding  to  each  observatioQ,  h< 
satisfactorily  determined,  Moreover,  when  a  star  is  approaching  tb^ 
meridian,  its  altitude  increases  very  slowly,  so  that  it  is  exceedingly  dif- 
ficult to  assign  the  precise  instant  when  it  ia  actually  upon,  the  meridian. 
This  source  of  error  might  be  avoided  by  oUsei^iog  the  star  near  the 
horizon,  where  it  rises  with  great  mpidity;  but,  on  the  other  hand,  the 
uucertaiu  effect  of  refraction  at  low  altiludea  would  tend  to  vitiate  lie 
observatien  *. 

Tycho  Brahe,  for  the  above  reasons,  did  not  deem  it  safe  to  employ  ill* 
element  of  time  in  determining  the  apparent  place  of  a  celestial  lioij- 
In  fact,  the  observations  of  the  Landgrave  on  the  new  star,  tq  wUidj 
allusion  has  already  been  made,  supplied  bim  with  a  practical  ppDof  ef 
the  justness  of  his  views  on  this  fiubjeet.  In  each  of  these  observatiwis 
the  ttftilnde,  tho  a::imutk,  and  the  time  were  difterent;  but  as  the  p<Ri- 
tiou  of  the  star  in  the  celestial  sphere  was  found  to  be  invariable,  it 
followed,  03  a  necessary  consequence,  that  each  combination  of  these  three 
data  ought  to  assign  to  the  star  the  same  values  of  decliuaUon  and  right 
aseenaion.  Tycho  calculated  these  elements  by  means  of  the  Landgrave's 
observations ;  but  he  found  that  although  the  declioationa  exhibited  a 
pretty  satisfactory  agreement  with  each  oiher,  the  right  ascensions  dif- 
fered, in  some  instances,  to  the  extent  of  3°  of  space  ^,  This  may  not  be 
an  improper  place  tor  a  few  words  on  the  construction  of  the  elocfaa  of 
those  days.  They  consiiated  essentially  of  a  vertical  wheel,  which  wis 
made  to  revolve  with  a  slow  motion  by  the  gradual  descent  of  a  weigbl. 
The  balance  \yaa  a  happy  contrivance,  devised  for  the  purpose  of  con- 
stantly cl peeking  by  its  inertia,  the  descent  of  the  weight,  and  lliereby 
rendering  the  motion  of  the  wheel  more  uniform.  It  consisted  of  a  cross- 
bar, with  two  weights  at  its  extremities,  capable  of  turning  freely  iu  a 
horizontal  direction,  upon  a  vertical  axis,  which  was  connected  with  the 
wheel  by  means  of  two  pallets.  The  distance  between  the  pallets^  was 
equal  tx>  the  diameter  of  the  whetO,  and  they  were  so  disposed  on  the 
vertical  axis  as  to  eugnge  alteraately  the  highest  and  lowest  tooth  of  tba 
wheel.  When  the  highest  tooth  engaged  the  upper  pallet,  the  balauM 
waa  pushed  round,  and  its  resistance  cheeked  the  descent  of  the  woigbt 
As  soon  as  this  pallet  becanie  freed  from  the  wheel,  the  lowest  tooth 
engaged  the  other  pallet,  aud  the  balaiice  was  then  pushed  in  the  oppo- 
site  direction.      This   alternate    movement  of   the  balance  continually 


*  Progymiuiiiuti,  p,  d'23. 
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restzBined  the  descent  of  the  weight,  and  thereby  prevented  the 
leeeleratioa  of  the  motion  of  the  wheel,  which  would  otherwise  have 
neeesBarily  ensued.  Clocks  upon  this  principle  continued  to  be  fabricated 
dovn  to  the  middle  of  the  seventeenth  century  ;  but,  notwithstanding  all 
the  attention  and  skill  bestowed  on  their  construction,  they  could  not  be 
relied  upon  for  the  delicate  purposes  of  aatrouotaj. 

Although  Tycho  Brahe  geuerally  disapproved  of  employing  the  element 
<d  time  m  determining  the  apparent  position  of  a  celestial  body,  he 
Adopted  the  practice  in  one  or  two  instances,  which  it  raay  not  be 
i(liprop«r  to  notice.  In  the  first  place,  he  deterrained  the  successive 
positions  of  the  comet  of  15T7,  by  means  of  altitude  and  a/imuth  obser- 
Tudona.  The  instrument  he  used  on  this  occasion  was  a  quadrant 
rerolving  in  azimutli.  He  possessed  several  instruments  of  this  con- 
BtznctioD.  The  largest  had  a  radius  of  six  feeL  It  was  divided  by 
timnst'ersftk  to  every  quarter  of  a  tnimite.  The  azimuth  circle  had  a 
dumeier  of  nine  feet.  The  zero  point  of  division  was  at  the  extremity 
of  tbe  meridional  diameter,  the  direction  of  which  was  determined  by 
obserring  the  greatest  eastern  and  western  digressions  of  the  pole 
■tara. 

Another  instrument  designed  by  Tycho  Brahe,  to  be  used  in  connex^ion 
itli  the  clock,  was  what  he  termed  the  Mural  or  Ttjehonic  quadrant.  It 
w^s  0.  large  quadrant  of  copper,  placed  exactly  in  the  plane  of  the 
meridiau  against  a  solid  wall,  to  which  it  was  firmly  attached.  The  radius 
of  this  instrument  was  equal  to  uioe  feet,  and  the  limb  was  divided  by 
transTersals  to  every  10".  Tycho  remarks  that  by  determining  the  alti- 
tude of  H  star  with  it,  and  noting  the  time  of  observation,  the  declina- 
tion and  right  ascension  of  the  star  may  l>e  ascertained.  He  appears^ 
however,  to  have  chiefly  used  this  instrument  in  making  observations  of 
the  meridional  altitude  of  the  sun,  for  the  purpose  of  rectifying  the 
elements  of  the  solar  theory*. 

The  Landgmve  of  Hesse  Cassel,  whom  we  have  had  occasion  to  allude 
to  io  oottneiion  with  Tycho  Brahe,  was  a  prince  no  less  distinguished  by 
bis  liberal  patronage  of  astronomical  science,  than  by  his  actual  labours 

an  observer  of  the  heavens.     Unlike  most  other  sovereigns  who  have 
ted  a  disposition  to  promote  the  objects  of  astronomy,  he  did  not 

tent  him&elf  with  a  mere  dihttanle  exhibition  of  his  favours  towards 
the  science,  but  directly  contributed  towards  its  advancement  by  his 
personal  energ}*  and  perseverance.  It  is  to  be  remarked,  also,  respecting 
this  excellent  prince,  that  he  maintained  at  his  own  expense  some  of  the 
most  eminent  mathematicians  and  astronomers  of  his  time :  nor  should 
his  kindness  towards  Tycho  Brahe  be  forgotten  in  considering  his  claims 
to  the  grateful  recollection  of  posterity. 

We  ^hall  now  briefly  allude  to  the  labours  of  Hevelius,  before  pro- 
ceeding to  give  some  account  of  the  modem  improvements  in  practical 
astronomy.  This  individual,  who  was  a  rich  citizen  of  Dantzic  in  Prussia, 
commenced  his  career  as  an  astronomer  in  1630 ;  and  throughout  a 
period  of  neaj-ly  fifty  years  he  continued  to  labour  with  indefatigable 
assiduity  tn  making  observations  of  the  celestial  bodiest.     His  instra- 

*    AxtnrQoniue  Initauratis  M^oUit^  Kn.  4. 

f  KeTelioa  was  born  in  1611,  and  died  in  1687,  Although  tte  obaerred  so  edipM  of 
the  RIB  u  early  m  the  year  J  630,  he  did  not  cammencG  hk  career  of  r^pilv  obierTktioD 
till  t€4l.  One  of  his  moit  usetvX  ossistimta  ym  liia  n-ij^,  who  was  bo  expert  observer, 
■od  w»  well  kkiUed  in  drawing. 
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mentd  were  simikr  to  tbose  of  Tycho  Brahe ;  hai  they  were  divided  wilh 

greater  precision,  and  were  ixioi*«  easily  managed.  The  appticatioii  of  thd 
yemierto  the  msaBuremeDt  of  fraotioiml  magnitudeg,  was  an  itnpixiTement 
of  which  he  did  not  fail  to  avail  himadf.  This  elegant  method  of  flubdi- 
vision  waa  invented  ill  the  }'ear  1681  by  Pierre  Vernier,  &  native  of 
Tranche  Comptc*.  Hevelius  himself  devised  an  tngeniona  metlind  «( 
effect] Dg  tlie  same  object  by  means  of  a  tangent  ecrew.  workitsg  in  the 
extremity  of  the  muvable  radiua  upon  which  the  pinnules  Viere  pbeeJ. 
Knowing  the  number  of  revolutions  of  the  screw  whioh  were  neeemuj 
to  transport  the  radius  orer  the  Luterval  included  between  anj  two  con- 
Heoutive  points  of  division  of  the  limb,  it  was  hence  easy,  by  eouiitingi 
llw  revolutions  and  part*  of  ^a  revolution  of  the  serew,  in  moving  the 
hlliius  from  any  point  on  the  limb  to  the  nearest  point  of  division,  to 
iflcertain  the  magnitude  of  the  Bpace  included  between  the^  two  poiDts. 
This  must  be  considored  m  one  of  the  earliest  of  those  ntecftanicat  con- 
trivances that  have  been  devised  for  measuring  the  fractional  part^  of 
divided  insirumenta.  Hevelius,  by  refusing  to  employ  the  telescope  ia 
tiis  obaervationia,  was  imabte  to  take  due  advunt^e  of  thi^  ingenieot 
method  of  subdivision;  but  it  was  applied  with  complete  success  in 
several  instances  in  the  following  centtiry. 

In  167U  the  observatory  of  Hevelius  was  totally  eonsnmed  by  firs. 
All  bis  instruments  and  manusoripta,  and,  with  the  exception  of  a  few 
copies,  the  whole  edition  of  the  second  part  of  hia  great  work,  the 
Mttihitta  Ciflettis^  comprehending  the  jiumerous  observations  which  he 
had  made  during  hia  long  career,  unfortunately  perished  in  tlie  flaiDW. 
The  Hf^ed  astronomer  bore  this  calamity  with  great  fortitude;  and,  instaid 
of  abandoning  himself  to  despair,  he  recommenced  his  labours  with' 
renewed  energy  f.  One  of  tho  most  remarkable  of  his  works  \a  a 
catalogue  of  the  places  of  iJpwards  of  1500  stars,  which  waa  published  a 
few  years  after  his  death.  The  great  ability  of  Hevelius,  as  an  observer, 
would  have  rendered  this  catalogue  a  valuable  record  of  the  stale  of  the 
heavens  in  his  time,  if,  in  making  his  observationa,  he  had  availed  biiD' 
self  of  telescopic  sights,  which  came  into  general  use  during  the  latm 
part  of  hJ3  career.  Unfoi'tunatoly,  however,  he  persevered  ta  the  end  of 
his  life  in  rejecting  Such  appliances,  adhering  to  the  use  of  bjmplo  pin- 
nules, under  the  impreasiLvn  of  their  affording  a  more  trustworthy  indica- 
tion of  the  true  direction  in  which  a  celestial  body  appears. 

With  the:  labours  of  Hevelius  closes  the  ancient  school  of  astronomic«l 
observation.  By  constructing  inslrumenta  of  very  large  s\ze,  and  em- 
ploying ingenious  methods  of  subdivision,  astronomers  had  succeeded  in 
idMermining  the  apparent  position  of  a  celestial  body  within  about  I'nf 
the  truth.  If  the  miignitude  of  ilie  instrument  in  any  instance,  howeref. 
exceeded  a  certain  limit,  it  obviously  became  anmanageftble  ;  and  be^des, 
its  greater  tendency  to  dertmgement  from  its  own  weight  moTw  than  cottn- 
terbalaneed  the  advantage  gnitted  by  eulat^ng  the  scale  of  dlvisJM.     But 

*  A  Toethod  somewhat  nimiUr  in  pFiiid|jle,  but  mom  c'Ofnpliuilt'd  in  pnriire»  btA 
been  invented  by  Nonius,  3  PortugUirso  luntLetnalidan,  aboul  ilie  middle  of  th«  til' 
tcenth  c^nlury.  Tvcho  firah^  u«cd  it  Jn  the  early  part  t;f  hii  career,  but  be  iboB  Aliill- 
doned  it  lU  too  Iroublctcme,  adnptm^;  the  mtrlliarl  of  tmtisvenak  in  its  stead. 

f   What  Hevelius  K-prtited  un  this  oeeaskm  more  thin  all   hi*  most  prcdoti*  d 
were  hu  reiCBrchea  on  the  planetary  mr.iiton!>,  and  bh  hotts  nn  the  sIata,  which  be 
been  making  throu|;;hout  the  bng^  period  of  his  mtrntiomicftl  c»r«er.    Seven]  ye 
wirdi  h«  aaiiiretthe  readert  in  one  of  hit  workSt  Ihit  the  recoUectton  of  thvit  km  : 
fttilcd  to  bring  tears  into  iiia  eyea. 
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tfMJt  from  these  cDnsideraticttis,  the  ditticuUy  of  pointing  truly  to  &  eelestial 
faodjr  an  instrumeat  furuiabed  for  that  purpose  merely  with  piiinulee,  pre- 
lented  an  insuperable  obstacle  to  the  attaiDment  of  ft  high  degree  of  preci- 
uon  in  the  a^icartaitimettt  of  its  apparent  poffition.  This  waa  a  constant 
loutee  of  error  which  the  astronomer  had  to  contend  with  in  all  hie 
opdmtioiis,  whose  vitiating  influence  was  essentian;  beyond  the  reach 
Mther  of  the  ingeouity  of  the  meclianician  or  the  skill  of  the  arti«^  It 
is  to  be  renmrkedt  hovrevei*,  in  favour  of  the  Tyohonic  Hohool  of  observap 
tion,  that  it  serYed  e£fectua3Ij  to  demolish  the  whole  of  the  ancient  fabric 
of  epicycles,  and  to  establish  the  elliptic  theory  of  th^  planets  upon  an 
incontTDTertible  basis.  This  was  unquestionably  a  noble  triumph  of 
jgmiam  and  practical  skill ;  but  in  m  fiur  aa  regards  the  mora  delicate 
ptMWBieiia  of  the  celestial  regions,  the  methods  practised  iu  that  Gcbool 
were  utterly  powerless.  The  sublime  theory  of  planetary  perturbation 
would  have  proTod  a  subject  of  barren  research  to  Newton  and  hia 
luccessors,  and  thoea  minute  movements  of  the  atar^,  in  connexion  'viith 
which  60  many  brilliaut  triumphs  have  been  achieved  in  receut  times, 
would  hATO  for  »ver  continued  to  be  iuvolveti  in  impenetmble  mystery, 
utiless  a  complete  rerolution  had  been  effected  in  the  condition  of  prac- 
tical aaironomy  as  it  existed  ahont  the  middle  of  the  seventeenth 
century. 

The   establishment  of    public   observatories  in   several   countries  of 
Europe  about  the  time  referred  to,  could  not  fail  to  exercise  a  direct 
infiuence  of  a  favourable  character  upon  the  progress  of  astronomy  in  all 
its  branches.     When  it  is  considered  that  the  Tarious  movements  of  the 
celestial  bodies  require  for  their  development  a  series  of  cycles  of  time, 
many  of  which  are  of  long  duration,  it  is  manifestly  indispensable,  in  order 
to  arrive  at  an  accurate  knowledge  of  the  taws  of  their  movcmeuta,  that 
the  various  bodies  should  be  made  the  objects  of  continuous  obscrvalion 
tbrougbont  a  long  succession  of  ages.     But,  on  the  other  hand,  it  is  not 
looa    obvious    that    the    limited    resources  of   private   iudividualu   are 
I     faifcd<qtiate  10  a  task  of  such  mttgnitude.     Much,  indeed,  may  be  effected 
kB(f  genius  and  perseverance,  as  in  the  case  of  Hipfiart^hus,  and  several 
^QbBtrunomers  of  modem  time  si ;  hut,  generally  speaking,  it  is  only  by  the 
r    tteiady  application  of  national  resources  to  the  observation  of  the  celestial 
bodies,  that  a  series  of  facts  can  be  t'Stablishod  which  shall  possess  suffi- 
cient t-alue  to  form  a  sure  groundwork  for  the  investigation  of  the  laws  of 
their  movements.     The  earliest  public  observatory,  and  indeed  the  only 
one  which  history  mokes  mention  of  as  having  existed  in  ancient  limes, 
was  that  nhich  Ptolemy  Soter  established  at  Alexandria,  and  which  con- 
tinned  for  mai]y  centuries  to  furnish  an  asylum  to  the  Greek  astronomers 
K\  the  midst  of  a  declining  civilisation.     The  tuagni Scent  estabtisbment 
lucli  Frederick  TIL,  of   Denmark,  assigned  lo  Tycbo  Brahe,  in  the 
Uad  of  Huena,  for  the  purpose  of  enabling  him  to  prosecute  his  labours 
more  effectually,  cannot  he  called  a  public  observatory,  since  it  was  not 
I      dndgned  to  promote  any  ulterior  object  connected  with  asti^cmomy.     Bnt 
L    isAtbd,  even  in  so  far  as  Tycho  Bmhe  himself  was  concerned,  it  ^as  soun 
■^toparent,  from  the  disgrscerul  treatment  ^^hich  he  experienced  m  the 
^Hitter  period  of  bis  life,  tliat  the  establishment  of  Urauibourg  was)  held 
^      by  a  very  precarious  tenure.     It  would  seem,  however,  that  Chrisliim  IV., 
trnder  whoso  minority  Tycho  Drah6  was  compelled  to  abandon  hia  native 
country,  felt  a  diaixi&itian  to  make  some  reparation  for  his  early  indif- 
ference to  tho  cause  of  sciencei  bj  the  est&bliihment  of  a  public  obeer- 
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vatory  on  a  permanent  Ijasis.  Longomontanus,  an  astronomer  of  so«« 
celeltrity,  wlio  had  assisted  Tycho  in  hialabQursat  Uranibourg,  was  chiefly 
instrumental  in  promoting  the  views  of  the  monarch,  the  foandiition 
Btone  of  the  observatory  wa3  laid  by  Christian  IV".,  on  the  7th  of  Jul/, 
1637,  but  it  does  not  appear  that  the  building  was  completely  fiiiiab«>d 
until  the  year  1656.  during  the  reign  of  his  successor,  Frederick  IV. 
The  structure  was  erected  in  the  form  of  a  tower,  It  was  1L5  Daaish 
feet  in  heighl^  and  48  feet  in  diameter.  The  observations  were  made  in 
an  apartment  at  the  top  of  the  tower,  wliicb  was  reached  by  means  of  % 
spiral  avenue  winding  gently  ronnd  the  interior  of  the  wall*.  We  shall 
presently  have  occasion  to  allude  more  particularly  to  this  obserratckiy. 
which  must  be  regarded  as  the  earliest  of  the  numerous  public  institutioas 
for  the  promotion  of  practical  astrouomy  that  have  been  establjshe'd  a 
modern  times. 

It  has  been  already  mentioned  that  all  contrivances  for  measuring  time 
by  means  of  clocks  composed  of  a  combinatioii  of  wheels  moved  br 
weights,  had  been  found  totally  inadequate  to  the  delicate  purpoiies  d 
astronomy.  Another  mode  of  e0ecting  the  same  object  had  been  dariMi 
by  Galileo.  Ha%ing  discovered  that  the  oscillatious  of  a  pendoluis 
isochronous  i,  it  occurred  to  him  that  a  mechaniam  might  be  coasv 
upon  tbi3  principle  which  would  serve  to  indicate  the  divisions 
with  great  accuracy  ;  but  although  he  devoted  much  attention  to  the 
isation  of  this  idea,  all  his  efforts  to  procure  a  clock  that  would  be  prac 
serviceable  proved  fruitless.  In  ali  such  contrivances  it  was  found  that 
the  pendulum,  when  once  set  in  motion,  was  soon  again  brought  to  a  stato 
of  rest,  so  that  the  oscillations  could  only  be  maintained  by  applying  to 
the  pendulum  a  succession  of  impulses  at  regular  intervals.  Huygh<ai» 
eluded  this  inconvenience,  by  substituting  the  pendulum^  for  the  buoMt 
in  the  ant^ient  clocks,  so  adapting  it,  that  the  isochronism  of  its  oscillatMNH 
regulated  the  downward  motioQ  of  the  weight.  By  this  admiiabJe  ooor 
trivatjce  ho  combined  the  advantages  of  the  two  methods  above  ref 
to,  while,  at  the  same  time,  be  eluded  their  respective  defects.  The 
of  BO  applying  the  pendulum,  to  the  measurement  of  time  first 
itself  to  liim  in  ihoyear  1650,  and  in  the  following  year  h©  presen 
Stales  General  of  Holland  a  clock  constructed  upon  this  priuciple. 
invention  soon  spread  abroad  throughout  Europe,  and  was  Wleci  ¥ritli 
versal  applause.  Its  successful  application  to  the  purposes  of 
observation  will  he  noticed  presently. 

The  establishment  of  the  Roj-al  Society  of  London,  and  of  th(9  Aetdfl^f 
of  Sciences  of  Paris,  exercised  a  powerful  intbience  on  the  proigiMf  it 
astronomy,  as  well  as  on  every  branch  of  physical  science.  The  oii|^  «f 
the  Iloval  Society  may  be  traced  to  the  period  of  the  civil  waj^  in  lb«  tis* 
of  Charles  I.,  when  individuals  of  a  contempktivo  cast  of  isind  aoaniit 
relief  from  the  prevailing  commotion  in  the  cahu  retreat  of  scieatifie  4>t 
cussion.  Dr.  Watlts  states  that,  about  the  year  1645*  whMi  WBU/A^wkd 
studies  were  much  disturbed  at  both  the  univensities,  se>venl  perMOt 
inquisitive  into  natural  philosophy,  and  other  parts  of  human  leutitQg,  didi 

*  Horrcbow,  in  liii  Bant  Attrtmmmitt,  ttitet  that  in  ITlfi  Pbtof  Iha  GfMi  of 
ftuvw  frequently  ifcended  Ifae  tower  on  honeback  along  tbis  i|jira]  MveattCh  ttd  lliitik* 
Empmi  Cuh«niie  occukmslly  uccnded  at  h'n  tide  in  a  fotir-nJiceM  diarloV  dean  ^ 
nx  hone*] 

f  They  nrt'  not  txaftfif  imnhronfuit,  but  fur  imnll  atct  tbe  tioiM  of  OteiMlltat  ^ 
be  n^gtirtkHl  u  (<f|Liiil  wittiout  cotumitting  an;  leiuJble  ciror. 
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fcy  «greeniietit,  meet  weekly  in  London  on  a  certain  day  to  treat  of  such 
matters.  Among  the  individuals  who  thus  used  to  assemble  together, 
were  Wilkios,  Goddfird,  Wallis>  and  Sfl-muel  Foster.  Professor  of  Astro- 
nomj  in  Gresbam  College.  In  1648-9  the  attendance  at  the  weekly 
meetings  was  coasiderably  reduced  hj  the  removal  of  severd  members  to 
Oxford,  who  established  a  similar  asaociation  in  that  city.  The  oiiginal 
minutes  of  the  Oxford  Philosophical  Society,  dated  the  'i^rd  of  October, 
1651,  are  atil)  preserved  in  the  Ashmolean  Museum  of  that  city.  The 
embryo  Society  of  London  stili  contiuued  to  hold  its  meetings,  but  it 
seems  to  have  fallen  into  a  very  languishiug  condition  until  the  year 
1660.  when  the  restoration  of  Charles  II.,  by  holding  out  the  prospect  of 
fatare  tnnquillity,  had  the  eSect  of  infusiug  renewed  vigour  into  its  pro- 
ceedtngB.  The  earliest  offieiaJ  document  of  the  Society  is  dated  Novem- 
ber 2B,  1660-  It  was  finally  incorporated  by  Royal  Charter  on  the  15th 
of  July,  166'J.  The  first  President  was  Lord  Brouncker,  one  of  the  most 
eminent  mathematicians  of  the  age.  Among  those  members  who  took  an 
active  part  in  promoting  the  objects  of  the  Society  nt  this  period,  may  be 
mentioned  the  President  Lord  Brouncker,  Bojle,  Wilkins,  Wren,  and  Sir 
Robert  Moray,  A  few  years  after  the  establishment  of  the  Royal  Society 
upon  a  permanent  basis,  a  similar  association  was  formed  at  Paris  under 
the  designation  of  the  Royal,  Academy  of  Sciences.  The  first  meeting  of 
tbis  celebrated  body  was  held  on  the  2iJnd  of  December,  IdtlO.  Some  of 
tho  e&rlier  members  were  Koberval,  Auzout,  Piimrd,  and  Richer.  A  few 
je«ra  later,  it  was  enriched  by  tlie  accession  of  Hujghens,  Roemer,  and 
Cieaini,  who  were  enrolled  as  members. 

Numerous  institutions  for  promoting  the  cultivation  of  scteuce  have 
been  established  in  the  different  countries  of  Europe  at  a  later  period  tbau 
that  above  referred  to ;  but  it  is  no  depreciation  of  the  well  earned  repu- 
tation of  many  of  them  to  assert  tliat,  at  no  epoch  of  their  history  have 
they  in  any  instance  exercised  an  influence  so  unequivocally  beneficial  as 
that  exercised  by  the  Royal  Society  of  London,  and  the  Academy  of 
Sdences  of  Paris,  during  the  early  period  of  their  existence.  It  is  to  bo 
home  in  mind  that  the  last- mentioned  institutions  were  founded  at  a  time 
when  the  inductive  philosophy  was  still  engaged  in  mortal  conflict  with 
the  scholastic  system  of  Aristotle,  and  when,  consequently,  an  organized 
Qnioq  of  tht'  scattered  energies  of  its  adherents  could  not  fail  to  accelerate 
its  final  triumph.  Practical  astronomy  participated  largely  in  the  advan- 
tages derived  from  these  institutions.  New  improvemeuts,  both  in  the 
construction  of  instruments  and  in  the  methods  of  observation,  were  dls' 
aeminated  throughout  Europe  with  a  rapidity  hitherto  unknown,  and 
thereby  fociUtated  in  a  vast  degree  the  attainment  of  stUl  further  excel- 
Ifsice. 

The  invention  of  the  micrometer  was  one  of  tlie  earliest  of  those  im- 
provements which  in  the  sevunteenth  century  had  the  effect  of  establishing 
the  methods  of  astronomical  observation  upon  a  totally  new  basis.  The 
measurement  of  small  angles  was  found  by  astronomers,  in  all  ages,  to  be 
one  of  the  most  difficult  olijects  connected  with  the  practice  of  observation. 
Archimedes,  in  an  attempt  to  determine  the  apparent  magnitude  of  the 
son,  was  unable  to  arrive  at  a  result  of  greater  precision  than  that  the 
apparent  diameter  was  greater  than  27',  and  leas  than  32'.  Coming  down 
t3  modem  times,  we  have  seen  tliat  Tycho  Brabc  was  so  misled  by  bis 
tneasorements  of  the  apparent  diameters  of  the  sun  and  moon,  as  to  come 
to  the  conclusion  that  a  total  eclipse  of  the  sun  w£s  impossible.     Indeed  it  if 
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obvious  that  a  toode  of  accurately  determimng  the  Tariallona  in  the  8{>- 
paretit  dkiuetera  of  tlie  sun  and  moou,  could  not  fail  to  lead  to  an  im^trove- 
ment  of  the  theories  of  the  movements  of  those  bodiea.     Moreover,  the 
inveutiou  of  the  telescope,  by  revealing  tke  round  figures  of  the  phmets, 
rendered  it  desirable  bo  devi^  some  meaus  of  moasaritig  small  angles  with 
a  degree  of  precisian  conformable  to  the  existing  condition  of  tbeoK<cic)il 
iistrouomy.     The  invention  of  the  micrometer,'  by  means  of  which  tkic 
object  was  efft^^tually  accuniplished,  is  origiiiaUy  due  to  William  Gascoigne, 
a  young  man  who  was  the  friend  o(  Horrocks  and  Crabtree,  and  who,  lii« 
them  also,  was  unfortunately  cut  off  by  a  premature  death  iu  iho  very 
outset  of  his  career.     It  will  he  desirable,  however,  to  give  a  previois 
account  of  the  succeaeive  steps  hy  >vluch  the  same  admirable  iDTUilioii 
was  inde^veudently  eflecled  on  the  Continent  about  tn-euiy  jean  afto^ 
Tvards.     The  person  xvbo  first  suggested  the  idea  of  the  micRimeler  iti  tJi* 
latter  instance  was  Hnyghena,     lu  bis  Sy&iemu  Satumium,  uliich  «» 
published  in  Iti59,  he  remarked  that  an  object  placed  la  the  focus  of* 
common  astronomical  telescope,  appear^}  as  distinct  and  ftaw«ll  detmedu 
the  image  of  a  remote  body.     HencCt  iu  order  to  determijie  the  apparaU 
diameter  of  a  celestial  object,  he  inserted  a  dip  of  luetal  of  ^lOiU* 
breadth  at  tbe  focus  of  the  telef><;ope,  and  observed  at  what  part  it  euctlj 
covered  tbe  object.     Applying,  then,  a  finely-pointed  cotnpasa  to  the  §liptrf 
metaJ,  he  measured  its  exact  breadth,  and,  knion'iug  the  foeal  length 
of  the  telescope,  he   heuce   deduced  the  appareut   mjiguitude  of  ih» 
object.     In  this  manner  he  determined  the  apparent  dLuneten  of  tit* 
principal  planets. 

The  Marquis  Alalvasia,  in  hia  "  Epbemerides,"  published  at  Bologmio 
H\G)i,  descnbea  a  method  of  measuring  small  angles  which  may  W» 
^rded  as  the  ne?it  atep  in  tho  luvenLion  of  the  micrometer.  At  tbe  foco* 
of  tbe  telescope  he  placed  a  net-^'ork  of  tine  silver  threads  at  right  juigH 
^bich  formed  by  their  mutual  iutereection  a  number  of  small  squar««w  Id 
order  to  detennine  the  mutual  distances  of  the  threads  that  wore  partliolio 
e*cli  other,  he  caused  a  btar  situate  near  the  eqiuitor  to  traverse  a  ihWiJ 
poi-peudicular  to  their  common  direction. and  counted,  by  the  aid  of  •  pn*^ 
dulum  clock,  the  times  which  it  took  to  pass  over  the  auccesgive  iiilemli*  • 

The  micrometer  of  Malvaeia  was  a  dei'ided  i  ni  prove  men  t  of  tlvAi  ^ 
Huyghens.  The  distances  betweeu  the  threads;,  when  once  accurat*l»  i<- 
termined,  would  serve  for  all  future  meajsuremeDt&,  The  method  was  i^ 
more  getierally  applicable  than  that  of  Huyghens,  since,  besides  the  appai«»l 
diameters  of  the  celestial  bodies,  it  might  serve  to  measure  tiie  auH'^ 
distance  of  two  stars  that  were  at  the  same  time  in  th^  htld  of  view  nf  tlx 
telescope.     It  laboured,  however,  under  tbe  disadvantage  tb- '  >" 

stars  did  not  appear  exactly  on  the  wires,  something  was  una  ■' 

to  estimation  in  the  mea;9urement  of  their  mutual  distance.  Au^out  ^^ 
rid  of  this  defect  by  substituting  for  the  reticule  of  Malvasia  two  ui'' 
threads,  one  of  which  was  fixed,  while  the  other  was  tnoveablo  in  a  Jirt* 
tion  parallel  to  it  by  meaua  of  a  fine  screw.  It  ii^  evident  tlwt,  when  \yac^ 
the  distance  traversed  by  the  moveable  thread  during  one  revuluiioo  rf 
tbe  screw  was  asceruuucd  with  suiUcieui  accuracy,  the  atinrular  diatau* 
between  two  stara  v&ry  near  to  each  other  might  be  dftertuititMl.  by  c*uun| 
the  moveable  diread  to  traverse  Uio  interval  between  ihe  atarM,  aud  iu>tnf 
the  number  of  revolutions  and  parts  of  a  revolution  of  tlie  screw  «hick 
were  required  to  elTect  ibis  object. 

*  M^m.  AckL  d»  Se4«iioe«t  171 7«  p.  78>  «t  m^. 


BtMHMlT  &y  PRT0IOA.I.  A^TROKOMT.  45 T 

Aozout  first  aninmriced  b is  improvement  of  the  mit^rouieter  in  a  letter  to 
U»  Boval  Society  of  London,  date*!  December  2S,  IfiOfl,  which  iti  in- 
serted in  the  "2 1st  Number  of  the  PhUmophicn!  Tratisactions.  BiroU 
atftlee  that,  upon  this  letter  being  read  before  the  Society,  two  of  the 
memberB,  Wren  and  Hooke,  took  occftsiou  to  ineution  several  Wftya  of 
meamiring  snmll  angleia  which  wetv  already  known  in  England.  Tbese 
philosapherahave  nowhere  given  a  detailed  deacnpUoii  of  the  micrometers 
devised  by  them.  Sprat,  however,  in  his  "  History  of  the  RoyiU  Society," 
alludes,  in  a  general  ^lUinmary  of  the  labours  of  the  Society,  to  their 
ooQsti^iL'tioi]  of  telescupes  of  different  lengths,  with  meeral  contrirattMs  in 
them  for  m^nstiritig  the  diameterg  and  parts  of  the  planeti*.  In  another 
part  of  the  sams  work,  lie  stated  that  Wren  had  added  many  sorts  of 
ieteAk  screws,  and  other  devices  to  telesciopes,  for  taking  small  distances 
•ud  apparent  diatueters  to  secoudai*.  In  a  work  which  he  published  in 
16K5.  Ilooke  proposes  to  determine  the  pai^tax  of  the  moon  or  any  of 
tlte  planets  by  obsen'ing  its  distance  from  the  neighbouring  Ktars  in  two 
differtjDt  latitudes,  by  the  aid  of  a  telescope  fitted  with  a  r^te  or  dieidgd 
tetds  J.  It  is  evident  that  the  micro  metrical  contrivances  of  Huygheus.  the 
Marquis  Malvnsia.  and  Hooke,  were  all  essentially  similar  to  each  other. 
Indeed,  aa  soon  as  telescopes  comjuosed  of  two  convex  lenses  began  to  be 
oooinDODly  used,  the  iuveution  of  ^uch  a  micrometer  aa  that  devbed  by 
either  of  these  philosophers  was  a  very  ubvious  step. 

In  the  25th  Number  of  the  Trmisftctwns  of  the  Royal  Society  there  is  a 
leltt-r  from  Richard  Townley,  of  Lancflshire.  relative  to  the  micrometer  of 
Gascoigne.  The  date  of  this  letter  is  March  *25,  1(J67  §.  "  Finding,"  says 
be,  *■  in  one  of  the  last  Philosophkni  TTantactions^  bow  much  M.  Auzout 
eisteeme  Im  invention  of  dividing  a  foot  into  near  80,0iJO  parts,  and  taking 
thereby  angles  to  a  veiy  great  exaotness,  1  am  luld  I  shall  be  looked 
upon  as  a  great  wronger  of  our  nation,  sbotitd  I  not  let  the  world  know 
tbat  I  have,  out  of  some  si-attered  papers  and  letters  that  formerly  came 
to  toy  bands  of  a  gentleman  of  these  parts,  one  Mr,  Gascoigiie,  found  out 
tbnt.  before  our  late  civ  LI  wars,  he  bad  not  only  deviaed  an  instrument  of 
as  great  power  as  Mr.  Auzout *8,  but  Imd  also  for  some  years  made  nse  of 
it,  nor  only  for  taking  the  diameters  of  the  planets  and  distances  upon 
buid ;  but  hnd  further  endeavoured  out  of  its  prectseness  to  gather  many 

eertaiiities  in  the  heavens  || I  shall  only  say  of  it  that  it  ia 

smai].  Dot  eixceeding  in  weight,  nor  mucli  in  bigness,  an  ordinary  pocket 

•  «  History  of  the  Rov»!  Society,"  p.  25*>,  *o,  Loodoti,  16G7.  The  account  of  l)»e 
■dentlfic  laboure  of  the  Royd  SociHy.  inKrii^  in  ihii  work,  wu  compilt'd.  frum  tlie  re. 
fii^en  of  the  Society  down  to  lti(]>!i. 

t  Ibid.,  p.  314. 

}  Mieogn|ibia,  p.  237,  fol.,  Lend.,  1665.  Hoobe,  on  a  Kub«equ?Rt  occa&ton,  described 
*  IPftCTf  ntf  micniaieter  of  m  more  jterfect  coTial ruction,  but  he  wu  then  acquaiDloil  ti-ith 
the  oootrivwicee  for  a  wtnilir  [lurpoae  devised  by  Gascoigne  and  Auzout. 

f  *nm  date  of  the  tetter  i*  ni»t  mentioned  in  the  number  of  the  Philotopkicat  Traiu- 
«ettMii  eiteil  in  the  texl,  but  the  omiiuiDn  is  lupplicd  bj  Uirch,  fvfao  alludes  to  the  letter 
m  hat  Mviory  of  the  I^i/al  Sociefif  (vol,  ii.  p,  164)^  Thk  letter,  ai  wull  a*  the  ttate- 
aMot  Rapecling:  it  by  liirch,  ha.f  entirely  escaped  the  noiii^  of  Delariilire,  who  eenmreatlifl 
twdiseif  of  the  Enelifth  astranomen  in  not  bringing  forward  any  account  of  GaBOOtgne't 
mtawaettiT  before  tlie  ^h  of  July.  1367. 

1  Tmniteir  hers  tiatea  that  GaKoigiie  determined  the  vilae  af  the  lunar  pamllax  by 
■MBHlTDg  With  bit  iDlcrooicler  the  apparent  diameter  of  ihti  moon  when  aiiti  was  in  the 
hofiioD,  aoH  again  wheti  &he  wvi  on  the  meridian.  He  mentions  alto  that  he  had  in  hia 
pijaiUMJuu  the  very  micrometer  that  Gaacoi^e  originally  used  ia  hu  obaervations. 
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watch,  exaettf  marking  aboTe  40,000  divisions  in  a  foot,  hj  ihe  belp  of 

two  indexes  r  the  one  showing  hundreds  of  diyisions,  the  other  diviaiotw 
gf  the  hundred."  Mr.  Townley  concludes  bia  letter  by  stating  that,  if  it 
should  be  found  desirable,  the  Society  might  obtain  a  more  complete 
description  of  the  instrument. 

Mr.  Townley'a  micrometer  was  actually  produced  before  the  Society  *l 
the  meeting  held  on  the  liSth  of  July,  1607,  and  a  detailed  descripdoa 
of  it  was  subsequently  given  in  No.  29,  of  the  Pkiiosophical  Trantattiom. 
In  principle  it  exactly  resembles  the  micrometer  of  Auiout,  Two  stiaigfat 
edges  of  metal  are  made  to  approach  each  other  at  the  focus  of  the  telescope 
by  means  of  a  screw,  the  mechanism  being  so  contrived  that  the  optloil 
ftjds  of  the  telescope  is  always  situate  midway  between  the  two  edges.  The 
number  of  revolutions  and  parts  of  a  revolution  of  the  screw  which  are 
reqmred  in  order  to  bring  the  edges  into  any  determinate  position  mil 
manifestly  indicate  the  extent  of  the  interval  which  separates  them*. 
Hooks  suggested  an  improvement  of  this  micrometer  by  substituting 
human  liairs  for  the  solid  edges. 

It  appears  from  the  observations  of  Gascoigne,  which  are  still  in  esisl- 
ence,  that  he  actually  used  the  micrometer  in  several  delicate  messura- 
ments.  Flamsteed,  in  the  first  volume  of  the  Historia  C^U.iti4,  has  in- 
Mrted  a  series  of  celestial  observations  extending  from  163S  to  1649, 
which  were  made  by  Gascoigne  and  bis  friend  Crab  tree,  and  among  these 
are  contained  a  considerable  number  of  micrometrical  measuremeotB  by 
Gascoigne.  They  consist  of  a  determination  of  the  mutual  di stances  of 
the  Pleiades,  a  few  values  of  the  api>arent  diameter  of  the  sun,  sereral 
distances  of  the  moon  from  the  neighbouring  stars,  and  a  great  number  of 
measurements  of  the  luuar  diameter.  The  results  in  moat  instances  ut 
given  in  revolutions  and  parts  of  a  revolution  of  the  acr«w.  In  the  forty* 
eighth  volume  of  the  Philosophical  Transactionf,  Dr.  Bevis  baa  also  givca 
several  measurements  of  the  apparent  diameters  of  the  phmeta  and  tho 
moon,  made  by  Gascoigne  with  his  micrometer.  They  were  e'Xtracted  bj 
him  from  a  letter  written  by  Gascoigne  to  Oughtred,  the  original  of  which, 
ha  stated,  was  still  preserved  in  the  libraiy  of  the  Earl  of  Maccl^field  f. 
The  following  comparison  instituted  by  Dekmbre,  between  certain  mea- 
aorements  of  the  semidiameter  of  the  sun  by  Gascoigne,  atid  the  cvrre- 
gponding  values  in  the  Connaissance  dea  Temps  of  the  preseiit  duy,  vdW 
suffice  to  convince  the  reader  that  the  original  inventor  t>f  the  micn>m«ti( 
did  not  fail  to  bring  his  instrument  to  considerable  perfection  :— 


Oawolgne. 
October  26,  O.S.   16'  11"  or  10" 
October  31,  16  11 

December  2,  IG  24 


ConoaiBfiiuice  dn  Temp*. 
10'  10" 

lb  11,4 

10  10.8 


Gascoigne  makes  the  greatest  variation  of  the  apparent  diameter  of 

•  Shcfburoe,  in  hii  traiwlatlon  of  the  Sphere  of  Mfttiillui  (1675).  atiles  that  CnbtM^ 
taking  s  journey  to  Yorkaliire,  in  lfi39t  to  see  GoBcnigne,  thus  wmie  to  BanDcbs^.- 
"  The  Rrst  ih'mg  Mr.GawMjigne  shewed  me  wu  a  large  tebacope.  amplified  mnd  adoraed 
with  new  inveittioiifl  of  his  own,  wherebj  he  cnn  toke  ihe  diatneterB  of  the  aun  or  inooo, 
or  anjr  «fdalS  aiigk  in  the  heavens  or  upon  the  earth,  most  exactly  throiigb  the  vUfa  toi 
iecotid  {see  the  work  cited,  ji.  92).  Tbii  is  the  letter  ailuded  to  ia  tbe  aoie  tl  th 
foot  of  p.  428. 

t  Phil.  Trani.,  1753,  p.  190. 


tlie  son  to  be  35''';  aocordiog  to  the  Connaissance  dfs  Temps  it  amoants 
to  3S".3  *. 

It  appears  from  tbe  foregoing  statements  that  Gascoignc  invented  ani 
actoallj  employed  the  micrometer  twenty  years  before  even  the  original 
germ  of  each  an  instrument  bad  suggested  itself  to  any  person  on  tha 
ContJnent.  At  the  same  time,  there  is  not  the  smallest  reason  to  suppose 
that  any  person  out  of  England  had  any  knowledge  of  his  labours  previous 
to  the  reinvention  of  the  in&tmmeDt  elsewhere.  On  this  point  Delambra 
ESftkes  the  folJotving  just  retnark ; — "  //  ftwt  remarquer  que  /««  obserrct^ 
tumi  den  deux  amis  tiont  ite  publiees  qiis  80  am  apris  leur  date  reeUe, 
Ainsif  en  accordant  li  Guscoiffng^  la  premiere  idee  et  meine  la  premiiro  exScu- 
tion  du  micrometre,  il  est  juste  de  re*eri>et  leun  droits  aux  ttstroiiomei  qui, 
tans  avoir  aiumne  connaissance  des  ohaervatiorts  Anglaites,  ant  ete  conduits 
par  f^ir  ptopr^B  rejifxiQni  d  l^  frthtie  d^cotiverte."} 

There  cfui  be  no  doubt  that  the  micrometer  of  Gascoigne  and  Aozout  in 
immeasurably  superior  to  any  reticule  or  graduated  scale  placed  in  the 
focus  of  the  telescope,  such  as  was  used  by  Hujghens  and  the  Marquis 
Halx'asta  on  the  Continent,  and  by  Hooke  in  England.  It  la  right  to 
bear  in  mind,  however,  that  both  Wren  and  Hevelius  bad  suggested  the 
measurement  of  small  angles,  and  of  the  fractional  parts  of  large  angles, 
by  means  of  the  revolutions  of  a  screw,  although  it  does  not  appear 
that  on  any  occasion  they  reduced  their  ideas  to  practice, 

William  Gascoigne,  the  individual  juat  referred  to,  was  the  aon  of  Henry 
Gascoigne,  Esquire,  of  Middleton,  in  Yorkshire.  While  only  eighteen 
jews  of  age  be  appears  to  have  been  actively  en^ged  in  observing  the 
oeleatml  bodies,  and  in  advancing  the  state  of  optics  and  practical  astro- 
nomy. He  continued  to  prosecute  his  labours  with  remarkable  suecess 
till  the  outbreak  of  the  civil  wars  in  1643,  when  he  joined  the  cause  of 
Charles  I.,  and  fell  at  the  battle  of  Marston  Moor  on  the  Snd  of  July, 
1644,  in  the  twenty*fotirth  year  of  his  age.  To  his  untimely  fate  may  be 
applied  the  language  of  a  distinguished  historian  in  reference  to  the  accom- 
pftabed  young  statesman  who,  in  the  previous  year,  fell  at  the  battle  of 
Newbury,  fighting  in  the  Bame  cause : — '*  II  inourttt,  victime  d'un  temps  trop 
rods  pour  $a  pure  et  tendro  I'^rdu/'J  Richard  Townley  states  that  Gaa- 
ooigne  had  a  Treatise  on  Optica  just  ready  for  the  press,  but  that  notwith- 
standing  all  his  eEforts  be  was  unable  to  obtain  any  trace  of  it  after  his 
death  |,  Sherburne^  in  his  translation  of  "The  Sphere  of  Manitius,"  aa> 
eerts  that  Gascoigne  was  the  firet  person  who  made  a  telescope  composed 
of  two  convex  lenses  |j,  Whether  this  be  true  or  not,  it  is  very  certain, 
at  all  events,  that  he  was  the  first  who  applied  a  telesccpe  of  such  a  con- 
Btmctioni,  to  those  purjioses  for  which  it  is  peculiarly  designed. 

The  application  of  the  telescope  to  divided  instruments,  so  as  to  serve 
OAC^Ftaining  the  apparent  direction  of  a  celestial  body,  was  another  of 

idAe  great  improvements  which  distinguished  the  progress  of  practical 

astronomy  in  the  seventeenth  century.     The  idea  of  employing  the  tele- 

pe  in  this  manner  eeems  to  have  first  suggested  iteelf  to  Morin,  a 

'rench  astronomer,  notorious  for  bis  opposition  to  tlie  Copernican  theory 
of  the  universe,  and  his  devotion  to  astrological  pursuits.  In  1635  he 
aAc*irtained  the  interesting  fact,  that  it  was  possible  to  see  the  stars  in 
tli6  daytime  by  the  aid  of  the  telescope,  and  he  sought  to  avail  himself  of 


at 


•  ffiat  Alt.  Mod.,  Ionic  n.,  p.  590.  ^  t  I'''^' 

I  GoilOt,  Hittom  flf  la  ftuviftutien  d'Angleterre,  livre  it. 

iPbn.  TrtiiK.  1667,  p.  457. 
•*  The  Sphere  of  Maniliiu/'  tran^ljiteii  jtito  Etiglith,  p.  92,  foL,  London,  1675, 
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his  discovery  in  de vising  a  new  sotution  of  the  problem  of  the  longitudo. 
His  method  was  founded  on  a  comparison  of  the  obserred  and  oompuwd 
dktances  of  the  moon  from  the  stfirs,  but  although  he  succeeded  in  seeing 
the  stara  In  the  dajtime,  he  in  vain  sought  to  fix  die  positiotis  of  either  th<i 
tuoon  or  the  stars  by  the  aid  of  the  telescope.  Indeed,  so  long  as  asLrono- 
mers  confined  themaelves  to  the  telescope  as  originally  comatmcted  by 
GftUleo,  it  was  itnposaible  to  Bccotnplish  such  an  object,  since  there  was  no 
place  of  diaiinct  vision  at  which  two  cross  threads  eoald  be  placed  W  indi- 
cate, by  their  intei-sectioiit  the  invariable  position  of  the  optical  aiis  of  die 
iiistniment.  1 1  is  a  remarkable  fact,  that  the  uixfnnunate  Gaseoigne  yna  the 
first  person  who  successfully  used  the  telescope  in  ascertaining  by  observn- 
tion  the  apparent  positions  of  the  celestial  bodies.  Derham,  in  a  paper 
which  appears  in  the  Phiioiophicai  Tranmctions  for  the  year  1717,  hassii- 
tisfactovily  estabhshed  the  claims  of  Gasicoigue  upon  the  evidence  of  certaiii 
letterts  which  passed  between  him  and  hh  friend  Cmhtree  *.  These  lettere 
■ft-eft  originally  in  il»e  possession  of  Richard  Townley,  the  individual  to 
whom  we  ha\e  already  Imd  occasion  to  allude  in  oonnexion  with  the  infeu- 
tion  of  the  micrometer.  It  may  conduce  to  a  clearer  understanding  of 
the  following  extracts  from  these  letters,  to  bear  in  mind  that  the  liwl- 
mentioned  invention  affords  demonstratire  proof  that  Gascoigne  employed, 
in  his  astronomical  observations,  telescopes  composed  of  two  oouvex  leiisw. 

In  a  letter  to  Crabtree,  dated  January  a&,  IG40-I,  Gascoigne  thn 
writes  ; — **  If  here  (in  the  focus  of  the  telesc^ope)  you  place  the  scale  tliit 
measures  .....  or  if  here  a  hair  be  set  that  it  appear  perfectly  thrtniffli 
the  glass  .....  you  tnay  use  it  in  a  quadrant,  for  the  finding  of  we 
altitude  of  the  least  star  visible  by  the  perspective  wherein  it  is.  Jf  the 
night  be  so  dark  that  the  hair,  or  the  pointers  of  the  scale,  he  not  to  bfl 
seen,  I  place  a  candle  in  a  lanthorn,  so  as  to  cast  light  sufficient  into  thf 
gla.Hs.  which  I  find  very  helpful  when  the  moon  appeareth  not,  or  it  is  iM)t 
otherwise  light  enough."  In  another  letter  to  Crabtree,  dated  on  Christ- 
mas eve,  1641,  he  thus  writes: — "  Mr.  Horrocks  his  theory  of  the  mocp 
1  ftliftll  be  shortly  furnished  to  try,  for  I  am  Btting  my  sextant  for  all 
mnnner  of  observations,  by  two  pcrspicills  with  threads.  And  also  I  am 
consulting  my  workman  aWut  the  making  of  wheels  like  $^  7,  i^  t,  pf 
ditignmi  3,  to  use  two  gla^nses  like  ft  sector.  If  I  onC6  have  my  tools  in 
readiness  to  my  deaire,  1  shall  use  them  every  night.  I  have  fitted  my 
sextant  by  the  help  of  the  cane,  two  glasses  m  it,  aiid  a  iApv<h/,  so  as  W 
he  a  pleasant  instrument,  could  wood  and  a  country  joiner  or  workinin 
please  me." 

In  another  letter,  the  data  of  which  was  found  by  Derham  to  be  *om 
out,  liut  which  wa-s  marked  as  his  tenth  letter,  in  Crabtree 'a  own  hand- 
writing,  he  says  ; — "  I  have  caused  &  very  strong  ruler  to  he  exartly  made. 
and  mtenil  to  lit  it  with  cursors  of  iron,  with  glasses  iu  them,  end  a  ilmisii 
for  ray  sextant." 

The  following  extract  of  a  tetter  from  Crabtree  to  Gascoigne.  dit^d 
October  ao,  IfUO,  will  tend  still  further  to  establish  the  same  point  :- 
"  You  told  me,  as  1  rcnieniber,  you  doubled  not  in  time  to  be  able  to  mak' 
obaervations  to  seconds,  I  t-annot  but  adnjire  it,  and  yet.  by  what  I  saw. 
bfllieve  it ;  but  long  to  have  some  farther  hints  of  your  eonoeit  for  thitf 
purpose.  One  means,  I  think,  you  told  me  was,  by  a  single  glass  ra* 
caue,  upon  the  index  of  your  sextant,  by  which,  as  I  remember,  you  fioi 
the  exact  point  of  the  aun's  rays,"    In  another  part  of  the  same  letter  1)0 

•  Pbll.  TranF.,  1717,  p.  603. 
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-'*  Coold  I  parchase  it  with  travel,  or  procure  it  for  gold,  I  would 

ttdt-  be  without  n  telescope  for  observing  B^noatl  Angles  in  the  beaveas ; 
nor  want  the  use  of  your  other  devka  of  a  gUss  in  a  eane  upon  the  move- 
aVle  ruler  of  jour  sextant,  ta  I  remember,  for  helping  to  the  exact  point 
of  the  suns  rays.'** 

The  yterusal  of  the  foregoing  eitmcts  caunot  leave  a  shadow  of  a  doubt 
in  the  mind  of  the  render  llmt  Gascoigiie  diatinctl}'  perceived  the  advau- 
tAge  of  telescopic  sights  in  iixing  the  position  of  fl.  celestial  body,  and  that 
he  bad  actually  reduced  his  ideas  to  practice,  in  making  observations  with 
the  quadrant  and  the  sextant.  To  him,  therefore,  must  be  awarded  the 
credit  due  to  the  origitml  invention  of  this  important  method  of  observa- 
tion. It  has  been  ulreadj  remarked  that  the  application  of  the  Galilean 
telesj^ope  to  that  purpose  was  impracticable.  The  above-cited  extracta 
frtMii  Gascoigne  s  letters  clearly  prove  that  he  had  succeeded  in  fixing  the 
poeitioa  of  the  optical  axis  of  his  telescope,  and  in  this  respect  they  tend 
t&  corroliomte  the  aaaertion  of  Sherburne  that  he  was  the  first  who  con- 
structed a  telescope  composed  of  two  convex  lenses. 

The  materials  which  serve  to  establish  the  interesting  fact  that  Gaa- 
eoi^e  employed  telescopic  sights  in  observing  the  celestial  bodies,  were 
ttcA  published  until  early  in  the  b(?ginnitig  of  the  eighteenth  century,  when 
the  same  mode  of  observation  had  been  already  known  to  astronomers  for 
■boat  fi/tT  years.  The  improvement  which  he  thus  effected  can  only 
be  regarded,  therefore,  as  forming  the  groundwork  of  an  interesting 
episode  in  the  hi-story  of  pmcticftl  astronomy,  rather  than  as  constituting 
a  Unk  in  the  chain  of  gradual  advancement.  In  this  respect  it  differs 
from  his  invention  of  the  micrometer,  which  continued  after  his  death 
to  be  made  use  of  in  the  noTth  of  England,  although  it  appears  to  have 
been  unknown  for  many  years  both  in  London  and  on  the  Continent, 

The  earliest  allusion  to  the  use  of  the  telescope  in  observing  the  posi- 
dASls  of  the  celestial  bodies  is  contained  in  Sprat's  "  History  of  the 
Royal  Society."  In  a  general  exposition  of  the  labours  of  the  Society,  to 
which  reference  has  already  been  made,  be  makes  the  following  statement : 
"  Tliey  (the  Fcllowa  of  the  Society  1  have  suggested  the  making  of  a  per- 
fect snrvey,  map,  and  tables  of  all  the  fixed  stai-s  within  tfie  zodiac,  both 
visible  to  the  naked  eye  and  discoverable  by  a  six-foot  telescope  with  a 
large  aperture;  towards  the  obserring  the  apparent  places  of  the  planets 
with  a  telescope  both  by  sea.  and  land.  This  has  lieen  appRtved  and 
begno,  several  of  the  Fellows  having  their  portions  of  the  heavens  allot- 
ted to  them.'t 

*  Tbe  following  extraclx  frnm  ihc  same  collGctirin  of  lisltem  exhibit  i  beautiful  illu^ 
tratioii  of  the  feeling  which  ouplit  to  reign  tx^tw^i^n  pcnong  eogain^  in  »ciend£k:  punuitt, 
trbrtbcr  during  the  period  of  youthful  enthiuiaKin  or  that  of  mature  manhood.  In  a  Itftter 
to  G*K»ignc,  dateci  DecemWr  8,  IC-IO,  Crabtree  thus  writes-—"  My  friend,  Mr.  Hor- 
rocLt,  profefdeth  that  littto  tt^nch  which  1  ga%e  him  of  yom  inventions,  hath  raviFhed  hi« 
laind  quite  from  itfelf,  and  leU  httn  in  an  cstasie  Wtwech  tidiniratioti  and  amazement.  I 
iMseecii  V1U.  sir,  slack  not  your  intentions  fnx  the  ptHtJctinjf  of  your  hegun  ivonderfi. 
We  trartfl  «»lth  destru  till  we  hear  of  your  full  delivery.  You  have  our  votes,  our  hearts, 
■od  vuT  hands  should  not  be  wantiDj;  if  we  could  further  you."  (n  another  tetter  dated 
December  6,  IWl,  he  thui  writes  to  Gasecigne : — "  No  man  thot  hath  written  of  the 
ifiigrwii  (of  Hipparrhua)  understood  it  fully  or  described  it  rightly,  but  only  Kepler  snd 
oar  HorrocliA,  /er  wfnne  immature  death  ihert  u  ytt  jtcarce  a  day  ichinh  I  p<iss  wiihoul 
tomi  pang  of  jorroic." 

■f-  Spnt's  "  liisturit  qf  the  Hoynt  Sucielif,'^  p.  190.  The  close  resemblance  of  thii 
projnt  to  Uj«1  in  which  the  Berlin  Ac-ndemy  of  S<*ienee8  is  engm^ed  in  the  pre«nt  day* 
oaanot  &tl  to  strike  the  reader. 
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Id  anotber  part  of  the  same  work  the  author  states  that  the  Sode^ 
have  made  "  observations  of  the  fised  stars  for  the  perfecting  of  astro- 
nomj  by  the  help  of  telescopes."*  In  aii  account  of  their  optical 
labours  he  asserts  that  they  nave  constructed  "  aaveral  eictHent  lele- 
Boopes  of  divers  lengths  of  six,  twelve,  twenty-eight  thirty-sii,  and  Buty 
feet  loDg.  with  a  convenieut  apparatus  for  the  managing  of  them :  aiwl 
several  coutrivancea  in  th^m  for  measuring  the  diflmetera  aod  pwrta  of  ih* 
plaqela,  and  for  finding  the  true  potkivn  and  dUtancei  qf  the  «oi,  ^Jcd 
iitar$,  and  satelUies.'^ 

In  an  account  of  the  inventions  of  Wren  (afterw&rds  Sir  Chni- 
topher),  one  of  the  Fellows  of  the  Society,  Sprat  makes  tJie  folkwiisf 
gtfltement: — •'  He  has  made  two  telescopes  to  open  with  a  joynte  lik«t 
sector,  by  wltich  observers  may  infallibly  take  a  distance  to  half  minatflf, 
and  find  no  difference  in  the  same  observation  reiterated  sevenl 
times,  nor  can  any  warping  or  luxatiod  of  the  instrument  hinder  tlte  tnt^ 

of  it/': 

This  seems  to  he  the  same  instrument  as  the  one  mentioned  by  Bookt 
in  his  "  Animadversions  upon  the  Machina  CeUstii  of  Heveliiia,'*  wbei^in 
he  atiitea^iu  reply  to  an  objection  made  by  Hevelius  that  telMoopic 
sights  had  never  been  applied  to  large  instruments — that  he  bad  tbeo  br 
him  an  instrument  of  Sir  Christopher  Wren's  invention,  furnished  witJi 
two  perspective  sights  of  six  feet  long  each,  which  he  made  nse  of  forn- 
amiuing  the  motions  of  the  comet  of  1065  §. 

It  appears  that  m  early  as  the  year  1065,  Hooke  wrote  •  letter  1« 
Hevelius  strongly  recommending  him  to  employ  telescopic  sights  in  ^ 
ierence  to  the  ordinary  pionulesH.  At  the  meeting  of  the  Boysl  Sofwtj 
held  on  the  4th  of  November,  1 667,  there  was  read  a  letter  from  H«tt- 
lius,  dated  October  21  of  the  same  year,  in  ivhioh  ho  expressed  i  dairt 
of  having  0!i6  of  the  longest  telescopes  made  in  England  pi^ 
vided  for  him,  and  of  being  grtttiiied  with  a  full  deBcriptitiPU,  /ewmmj 
promised  hitn  by  Mr.  Hooke,  of  the  way  of  applying  telesoopkal  aigbtt 
to  8eitaDts.''1I 

It  appears  from  the  foregoing  stfttementa  that  at  least  as  early  aa  tlM 
year  1005  Wren  and  Hooke,  two  of  the  most  distinguished  phUoAO^btf* 
of  the  uge,  hud  employed  telescopic  sights  iu  observing  the  oeleatitl 
bodies.  The  earliest  observations  made  by  tlie  use  of  the  teleseop*  ia 
this  way.  of  which  the  details  have  been  actually  published,  am  those  of 
the  French  astronomer  Picard.  lu  the  Hittoire  Crfosle  of  Lemonariif 
there  is  an  account  of  observations  of  the  meridional  altitude  of  the  sun, 
made  by  Picard  in  the  garden  of  the  Royal  Librnxy  of  Paris,  with  < 
quadrant  of  nine  feet  seven  inches,  and  a  sextant  of  six  feet,  both  fur* 
niahed  with  telescopes.  The  earliest  of  these  observations  ia  datei 
October  2,  1667 •*.  In  liis  treatise  on  the  "  Measure  of  the  Earth"  ilu 
same  admimble  astronomer  hm  described  the  difierent  modes  of  ver^ofe^ 
tion  to  be  employed  in  u^ing  instruments  fitted  with  telescopic  tightttt' 

•  Spna,'%  Hist.  Ro^.  Soc.,  p.  34L '  +  Fbtd..  p.  230.  *  [btii,  p.  SU 

§  "  Auimudvi'miutit  on  iho  Gnt  part  of  the  Mschina  Cukatis,"  p.  42.  LoodnuM 
1674.  t~ 

U  Efoveliiu  in  tbei  hdig  ye&r  replied  to  Ko«ke  In  a  t«tter  oddreased  Ut  tbf  Rani 
fioqiety,  for  the  contenlt  of  which  tee  Hooke'li  AmtmadvtmoMf  fcc.»  p,  ,& 

f  Birch,  Htttory  qf  tkt  Rogat  Society,  vol.  U.  p.  906; 

••  Hiitoirc  C^leitcp.  U, 

ft  Stm  ilto  Anc,  Mm,  Aead.  da  Seimteu,  tome  vU.,  |k  ISSL 


Hookd,  vdlbout  seeming  to  be  aware  of  what  Picard  hsd  done,  has  also 
giTen  an  account  of  fiimilar  methods  of  a4j"stinent  in  his  "  AniEuadveF- 
eions  upon  the  Mackina  Cehstis  of  Hevelius."* 

The  establishment  of  the  national  observatories  of  Paris  and  Green- 
■wich  immediately  followed  the  remarkable  itnproveinents  in  pmctical 
astronomj  above  alluded  to.  The  Royal  Observatory  of  Paris  was  tom- 
Qienced  in  1607,  but  was  not  finished  before  the  year  1071,  It  was  a 
building  of  great  magnificence,  designed  by  Claude  Perrault,  the  famous 
architect  of  the  Louvre;  but  it  was  constructed  without  due  regard  to  the 
purpose  for  which  it  was  intended.  It  consisted  of  a  quadrangular  pile 
flaiiked  by  two  massive  towers.  No  means  were  provided  in  the  con- 
struction of  the  building  for  enabling  the  astronomer  to  observe  the 
celeetial  bodies  at  all  altitudes,  by  meajis  of  imtruments  Kbeltered  under 
ita  roof,  nor  was  it  possible  to  repair  the  omission,  on  account  of  the  enor- 
mox&  thickness  of  the  vroih.  Dominique  Cassini,  who  had  arrived  in 
Fiaxtce  in  the  year  1669,  in  compliance  with  an  invitation  from  Louis  Xl¥, 
t»  reaide  in  his  capital,  commenced  his  labours  at  the  observatory  on  the 
lltli  of  September,  1671.  It  is  important  to  remark,  however,  that  no 
special  duties  were  assigned  to  him  in  connexion  with  that  establishment, 
nor  did  he  derive  any  emoluments  from  the  Freoch  Government,  in  con-> 
sideration  of  his  services  aa  an  astronomical  observer.  A  liberal  pension 
was,  indeed,  granted  to  him  upon  hia  arrival  in  Paris,  but  this  was  on  ac- 
count of  the  sacrifice  he  had  made  in  leaving  his  native  country  to  adorn 
Fnnce  by  his  talents  f.  His  euperintendence  of  the  Royal  Observatory 
was  naturally  suggested  by  the  position  which  he  occupied  as  first  astro- 
nomer of  France  J,  but  his  duties  were  altogether  discretionary.  The 
other  astronomers  who  had  access  to  the  ObsieTvatory.  occasionally  received 
allowances  from  the  Government  for  their  services,  but  there  was  no  feed 
fiom  set  apart  to  provide  for  the  annual  maintenance  of  the  establish- 
ments. The  consequence  of  tins  oversight  was,  that  no  definite  plan  of 
<^iurvation  was  projected,  by  an  undeviating  adherence  to  which  the  advan- 
tages of  a  national  observatory  can  alone  be  realised.  This  circumstance 
long  continued  to  exercise  an  injurious  influence  on  the  progress  of  prac- 
tioi  astronomy  in  France. 

The  inherent  vice  in  the  conatruction  of  the  Royal  Observatory  of 
Faria  has  been  already  alluded  to.  It  might  be  expected  that  Csssini, 
who  arrived  in  France  when  the  building  was  in  the  coarse  of  erection, 
and  in  whose  opinion  upon  any  subject  relating  to  astronomy  the 
French.  Government  reposed  unbounded  confidence,  would  have  effectually 
naed  his  influence  in  preventing  so  deplorable  a  sacrifice  of  the  interests 
of  science  to  the  fancy  of  the  architect  It  is  true  that  he  did  not  fail  to 
remonstrate  on  account  of  the  defective  plan  of  the  building,  but  the 
modificatioDS  proposed  by  him,  shewed  that  his  ideas  were  not  in  accord- 
ance with  the  e.visiting  requirements  of  practical  astronomy.  Among  the 
alterations  recommended  by  him,  was  the  construction  of  an  apartment  in 

•  One  of  tbc  ino«  remarkable  methtxls  of  adjagtment  practiied  by  these  astroDomcni 
coiuiited  in  reveningf  the  instrument  bo  ai  to  detennioe  the  error  of  colli mation.  It )«  « 
curious  &ci  that  the  Arabian  aitronoincr,  Ibyn  Jounit  liad  ali^adj  auggeited  a  limilar 
method  of  adjustment  \fith  respect  to  the  gnomon.  Thus,  tmong  KvenU  modM  of  veri- 
fying tbe  peqiendicutarity  of  the  Instrument,  he  recommends  to  turn  it  round  aod  make 
«ti«tfTado«  with  it  in  two  opposite  directions.    Delambrr,  Hist,  Ast,  Mv;/ett  Age,  p.  102. 

t  Caauni  IV.,  MitfioireM  pour senir  a  rHisioire  det  Sciences,  p.  I8*i,j*tq,_  Pari*,  1810* 

X  First  aitranomer,  at  least,  in  the  estimation 
I  "  M^moiret  pour  servir  a  I'lJittDire 
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which  tha  rekBtiftl  bodies  tnigbt  h^tkmtnAintmmm  to  wmt  UtnragtKm 
ihc  whole  of  ibeir  dmnml  eoane**.    SoA  «  Mode  of  oteervation  mi^ 
tiftvo  Imeti  very  aerriceable  for  Urn  iiwmwy  of  Mtellitiae,  and  for  the  i-i- 
amtTmliun  of  the  phrsical  constitaiioii  of  this  plaiieto,  bnt  in  so  fiu-  as  liie 
(lcti*rm)Tiationa  of  the  pimUota  of  tlie  edestaal  hodaet  was  concerned,  tlie 
ttJtiiltiticj  of  the  age  wss  loKwis  obsetrMtioiw  made  exdosiTelj  ie  i)m 
plauo  of  the  meridian  with  fii«d  iusdumeate.     The  ah«ratioii  propoeed  If 
Cassini  mv),  tn  fact,  mch  a  one  aa  Tjtiio  Biiibe  woiUd  have  reoomnMMH 
fur  thn  ptiq>n!fe  of  making  ordinarv  obMrrMioiu  of  iho  celestial  bodies  vitk 
hin  cqiitttoriul  ariiiills.      Auother  alterat»m  wuggeaiBd  bj  him  ««s  tttt 
ndmijtAiuii  uf  the  solar  light  Lhroogh  an  wpettaxm,  m  as  to  trace  upoa  tht 
tlo<»r  llie  dailj  coviri?e  of  the  sun  throughout  the  year.     By  this  cot 
trivatmo  he  contemplated  the  formation  of  a  vast  san-dial :  he  also  ei- 
pecifed  to  dorivo  from  such  obserrationa  a  more  accnrate  knowledge  of  the 
variationa  of  rcfrtictioti.     It  13  not  difficult  to  penwive  tJmt  such  an  di»- 
ilion,  if  it  had  been  carried  into  elTect,  would  hare  b«eu  ijs  T«ality  a  step 
IbKOkwardH  rather  than  a  positive  impriovement.    The  remai^able  sqccm 
which  attended  Ciissmi's  early  efforts  of  a  similar  kind  at  Bolcgna,  seem 
lo  hftvo  given  a  bias  to  his  views  an  practical  astronomT.  from  wbieb  Iw 
was  unable  completely  to  enm?]cipate  his  mind  throughout  the  whole 
course  of  hia  life.  It  docs  not  seem  to  haire  occurred  to  him  iJjat  the  tneof 
the  leleaoope  and  the  pendulum,  introduced  into  the  practice  of  ohsemiim 
a  degree  or  delicacy  and  precision,  which  left  all  such  clumf^r  coDtrivuMi 
tnitQeasurably  behind.     It  must  l:>e  acknowledged,  therefore,' that  notnitlK 
atanding  the  distinguished  talents  of  Caesini,  and  the  maoy  brilliant  di«- 
oovoriea  which  he  made  in  celeitial  physit^,  the  position  which  he  occupisd 
in  Ftunce  at  the  time  of  the  estftlpjishment  of  the  Royal  Observatory  <d 
Van*.  WR9  unfavoamble  to  the  advancenieiit  of  practical  astronomy  in  tbtC 
o^'umry, 

I'ii^Vi  commeoeod  his  observationB  at  the  Royal  Observatory  of  hem 
ow  the  <tth  tif  July.  1673.  This  admirable  astronomer  was  oneofth* 
Vivn\  trt  jM«ivoi\*  that  the  improvement  eflected  by  Huyghena  in  thecoo* 
ftltiviuiH  »>f  t'Wks  cnmpletely  removed  the  difficulty  experieooid  by 
iV'liii  Mmln^  and  his  con  torn  iiomries  in  their  attempts  to  emploT  lhtd«- 
w.  ■  In  astronomical  oliservations.     It  wua  now  clearly  seen  ihit 

\\\  i"H  tb«  altitudes  of  the  celestial  hodies  as  they  passed  tin 

Vi^rH'imit.  nnd  nolinR  the  times  of  observation,  their  deL-linations  tail 
^•^jiht  *«ix'n»irtna  would  bo  obtained  with  n  degree  of  aceiiracy  commetssn- 
\i,\,>  t>*  tho  existing  state  of  theoretical  astronomy.  The  simplicity  of  ikis 
^H»'<b»nl  Rttve  it  an  incalculable  advantage,  as  soon  as  it  waa  found  lobe 
(^HV'Ht^rthh!,  oyer  any  other  that  had  heen  hitherto  employed  for  a  sumiUr 
4u««v  With  the  view  of  carrying  it  into  effect^  Picard  solicited  the 
t(j«limont  of  a  quadrant  in  the  plane  of  the  meridian,  hot  altbongli 
MMtinnod  to  labour  several  yeara  at  the  obaervatory.  the  object  of  his 
\>m\  vtm  not  accorded  to  him.  Not  having  such  an  justniraent  ami- 
IM  hiiu,  he  dctormiiied  the  instant  of  the  passage  of  a  celestial  bdr 
IX  \\w  Micridifln,  by  noting  tlie  tiroes  at  which  the  body  atttio^d 
%mw  »»lLitudfl  on  each  aide  of  that  circle).    It  is  manifest  that  ibe 

'    ^^ '"**  (tour  fervir  A  fHiBtoire  de*  Sciences,"  p.  294. 

lU  laiiK-  object  was  effected  by  cneiaaa  of  obwrradoTtB  ro»<te  wlh  •  iri*^ 

«  .  «  wall  whoiefoce  was  in  the  plane  of  the  meridian.     Thi*  instntmenf, 

,,  mumli>,  vita  alsci  ctccasion.-iJIy  envploved  in  lielermining  lEie  tpmrrtt 

'it*t*  Itiduded  mthiu  a  tmdl  range  of  oWrvntion. 
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equidistant  from  the  two  ohiPirariotis.  indicated  the  Instsnt  of  the 
ige  of  ibe  body  over  the  meridian.  In  flppljing  this  Tuethod  to  the  smn, 
■d  did  not  fiul  to  take  into  aC'Count  the  correction  depending  upon  the 
*e  of  declination  during  the  inter^-ftl  indaded  betv^een  iJie  two  ob- 
,tions.  We  have  seen  that  this  method  of  obserration.  which  18 
ed  the  mttkod  of  eorr^tonding  altitudts,  had  been  alreiady  emplored 
16  ifitimioiiiera  of  India  as  well  as  bj  the  Arabian  astronomers,*  in 
1^  the  direction  of  &  meridiftn  line  by  means  of  observations  of  the 
It  does  not  appear,  however,  that  they  paid  any  attention  to  the 
MMti  above  referred  to.  The  application  of  the  method,  however,  to 
ilMtial  bodies  generally,  an<l  the  necessity  of  emplojing  a  correction 
«  pftrtictilitr  case  of  the  stin,  were  distinctly  pointed  out  hy  Thomas 
ps  in  bis  "  Ala  *tu  Seala  Mathematicet ,"  published  at  London  in 

card's  labours  at  the  Royal  ObaerFatory  of  Paris  extend  to  1683,  in 
utumn  of  which  year  he  died.    The  name  of  this  astronomer  is  im- 
hably  associated  with  the  improvements  effected  ia  practical  astro- 
r  in  the  *©Tenteenth  century.     It  cannot  but  be  a  matter  of  regret  to 
r  person  who  takes  an  interest  in  the  projjTcss  of  astronomical  science, 
be  was  not  selected  to  direct  the  national  observatory  of  his  country. 
Ttuoatcly  hia  labours  were  not  calculated  to  attract  the  attention  of 
cla^a  of  persons  whose  attachment  to  astronomy  is  founded  solely  on 
Leasure  to  be  deri^^ed  from  gazing  at  celestial  phenomena.     He  ap- 
moreover,  to  have  been  a  man  of  a  retiring  disposition,  who  fle- 
Ills  talent£  to  the  cultivation  of  science  for  \\»  own  sake,  regardless 
■of  the  applause  of  the  mnltitude  or  the  patronage  of  the  great, 
it  happened  that  although  he  was,  of  all  theaslronomerBof  his  age* 
Ips  the  one  most  qualified  to  superintend  the  duties  of  an  obserratory, 
I  set  aside  by  the  go%'emment  of  his  own  country,  and  a  foreigner 
ted  over  the  national  observatory,  whose  labours,  indeed,  were  of  a 
tkrilliant  character,  but  were  of  infinitely  less  importance  to  tb©  pro- 
irf  nslronomical  science  than  were  those  of  Picard.     It  is  doplorablei 
the  interests  of  a  great  cnuntrj"  thus  aacrificed  to  the  caprices  of  a 
The  circumstance  may  well  excite  the  indignation  not  merely  of 
iii(oen,  but  of  every  person  who  is  moved  bt  the  spectacle  of  tme 
thus  contemptuously  overlooked,  while  the  individual  who  exhibits 
ie9  of  a  more  meretricious  nature  ia  caressed  and  favoured. 
Hire  commenced  his  obser^-ations   at  tlie   Royal    Obsen'atofy   of 
in  the  year  1 677.    A  mural  quadrant  of  6  feet  radius,  which  Picard 
mg  solicited  in  vain,  was  finally  adjnsted,  and  permanently  6xed  in 
lane  of  the  meridian  on  the  '-JSth  of  April,   1683.     La  Hire  con- 
to  make  meridional  observations  with  this  instrument  for  a  period 
►re  ihfln  thirty  years ;  but  unfortunately  none  of  those  later  tban  the 
I68fi  have  ever  been  published. 

establishment  of  the  Royal  Observatory  of  Greenwich  was  only  a  few 
"posterior  to  that  of  the  similar  iugtitation  of  Paris.  The  following 
It  of  its  origin  is  given  by  Flarasteed' — In  1075,  a  Frenchman,  who 
himself  Le  Sieur  de  St.  Pierre,  represented  to  the  English  govern- 
JLhat  he  was  in  possession  of  a  method  of  finding  the  bugitudoyrom 

\  Wdrdi  of  Dig^fiet  are: — "  «...  Non  Bolum  per  solcm  nHcnteiD  aut   occi- 
fvn  tub  BQUaliDu^  ulittudintbufi  deprehpncum  (  Pro«tl}itphieit)BKi  elapio  inter  oh- 
«*  tempore  conv4?iii(^ii(i  pm  tnlim  nmlA  non  iie^lect^),  sed  cliaH)  per  ilftUu  fixas 
,"    ( SupplcmenUi,  Capituium  Srptimum,  Comoh  Qitarttu.) 
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ea^  mUttial  ohservatiom,  and  claimed  the  reward  offered  for  auch  a 
covery.     Tho   metiiod  wrbich   he  was   desirous  of   communicating, 
founded  on  a  comparison  of  the  observed  and  calculated  disUDcee  of  ftf 
moon  frtnu  the  fixed  stars.     A  committee,  conaiating  of  Lord  Brouockei; 
the  Bishop  of  Salisbury,  and  several  other  individuals,  •was  appointed  to 
take  the  subject  inlo  consideration.     Flaniateed.  who.  through  the  iuflo- 
ence  of  his  patron  Sir  Jonas  Moore,  was  nominated  one  of  the  memUn 
of  the  committee,  was  requested  to  provide  the  observationa  vrhich  \kt 
Frenchman  demanded  for  the  purpose  of  illustrating  the  practic&bilitT  d 
his  method.     Flamateed  speedily  supplied  the  neceasajy  obaervatiouat  U)t 
be  took  occasion  to  remark  that»  however  accurate  thej  might  h6,  tbi 
method  was  still  defective,  inasmuch  as  the  best  astronomical  tables  wmfr 
times  erred  to  the   e^cteut  of   12'  in  the  moons  place.     Moreover,  be 
stated  that  the  method  tacitly  implied  that  the  places  of  the  &ced  stintB 
Tycho  Brahe's  catalogue  were  absolutely  correct,  ivhereaa  he  had  found  bf 
hia  own  observatioiia  that  they  were  generally  5'  or  6'  in  error,  ami  in 
some  instances  even  more,     The  commissioners  agreed  unaniniouslT  m 
the  justness  of  Flamateed's  remarks,  and,  at  the  suggestion  of  Sir  Jotas 
Moore,  it  was  resolved  to  memorialise  the  king  on  the  expediency  of  ctwt- 
ing  an  observatory  for  the  purpose  of  making  observationa  of  the  celortid 
bodies  which  might  serve  for  the  discovery  of  the  longitude,  since  liw 
solution  of  that  Important  problem  appeared  evidently  uQ^t&inafale  bjaii; 
odier  raeiina  *. 

The  king  gave  his  cordial  asaetit  to  the  views  of  the  commiesionen, 
and  steps  were  immediately  taken  to  carry  them  into  effect.  Flun- 
eteed  waa  appointed  Astronomer  Royal,  with  a  s«Jary  of  ilOO  t  «*■> 
The  warrant  of  Charles  IL  for  the  pajment  of  lus  aalaix  is  w^ 
March  4,  1674-5.  He  is  tJierein  styled  "  oiir  Astronomical  Ob«t- 
vator,"  and  it  is  declared  that  the  duty  of  his  office  ia  "  forthwilb  » 
apply  himself  with  the  most  exact  care  and  diligence  to  th(»  r*clifjiat 
the  tables  of  the  motions  of  the  heavens,  and  the  places  of  th*  hfi 
stars,  BO  as  to  find  out  the  bo  much  desired  longitude  of  p!«c<«  faf 
the  perfecting  the  art  of  navigation,"  The  viurrant  fur  the  builJipg 
of  the  Observatory  is  dated  June  2nd,  1676.  It  modestly  an oottivcw 
the  royal  resolution  to  build  a  small  observatory  in  the  pork  at  Gn«* 
wieh  "in  order  to  the  finding  out  of  the  longitude  for  perfecting  B»n* 
gation  and  astronomy."  Sir  Christopher  Wren  is  charged  to  prepv* 
the  plan  of  the  building,  and  to  select  a  proper  site  for  it;  and  the  Iwtf 
General  of  the  Ordnance  is  instructed  to  advance  the  funds  neceaBwyfe* 
its  completion,  upon  the  condition  that  the  expense  of  erection  do  nottf- 
ceed  five  hundred  pounds  f. 

The  foundation  stone  of  tho  observatory  was  laid  on  the  10th  of  hog^ 
1675,  and  the  building  was  finished  in  less  than  a  year.  FUmstscdlo^ 
up  bis  residence  at  it  on  the  lOth  of  July.  1676,  and  shortly  aftanni^i 
commenced  his  duties  aa  an  observer.  Before  proceeding  further  with  »• 
history  of  this  famous  observatory,  it  will  be  desirable  to  alludo  brieflj  * 
the  important  labours  of  Roemer  on  the  Continent, 

•   fidlj's  Life  of  Flamstwjd,  p.  l2Si. 

+  Flatnstecd  srslps  thai,  bciidea  t'300  "ni  money,  the  king  allowed  bricka  frwil  "R**! 
Fort,  aod  Kime  wood,  iron,  and  lead  frum  a  gste^hoiue  dcmolidwd  in  the  lomr.  ■■ 
thit  he  9Sm  encouraged  Ihcra  furllit^r  with  m  ptvmJae  of  what  mort  wouM  be  lyfii* 
Acrordtntt  to  ^Ir-  BiiUj,  tho  actual  cost  of  erectioa  amounM  to  IL^aH  9*.  \d.  (oi^ 
Life  of  Planuleed,  p.  2%.) 
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01ai»  Eoemer  vraa   bom  at  Copenhagen  on  tbe  S5th  of  SeptumlMr, 
1544.     When  Picard  proceeded  to  Denmark  in  1671,  for  ttie  poipoae  of 
determining  the  exact  position  of  Uranibourg,  the  scene  of  Tjcho  Brahe's 
labours,  he  found  IU>emer  engaged  in  studjing  mathematics  and  astronomy 
under  Erasmus  BarthoUnus.     Having  discovered  that  the  young  man  vraa 
poBMesed  of  no  ordinary  talents,  the  French  astronomer  employed  him  as 
an  assistJint  in  his  astronomical  observations,  and,  at  their  conclusion  in. 
1072,  be  brought  him  along  with  him  into  France.     In  1675  Roemer 
commaDJcated  to  the  Academy  of  Sciences  of  Paris  a  memoir,  in  whicli 
be  announced  his  discovery  of  the  gradual  propagation  of  light.     This 
important  communication  obtained  for  him  a  seat  in  the  Academy.     Hd 
had  also  apartments  assigned  to  him  at  the  Royal  Observatory,  where  h& 
continued,  during  his  residence  in  France,  to^make  occasional  observations 
of  tbe  celestial  bodies.     In  1681  he  returned  to  Denmark,  having  been 
Appointed  Boyal  Professor  of  Mathematics  in  the  University  of  Copen- 
luLgen.     The  great  reputation  which  he  had  already  acquired  in  France, 
pointed  him  out  as  a  person  eminently  qualified  to  undertake  the  duties 
tttached  to  the  observatory  of  that  city.     The  j^eculiar  construction  of 
this  ediiice  baa  already  been  briefly  alluded  to,     Boemer  did  not  foil  soon 
IQ  perceiTe  that  it  could  not  be  advantageoualy  employed  for  the  pur- 
poaeB  of  astronomical  observatioQ.     In  consequence  of  tho  instruments 
being  placed  at  the  very  top  of  the  building,  they  were  constantly  liable  to 
be  disturbed  in  their  positions  by  the  violence  of  tempestuous  winds.     It 
was  also  found  to  be  injurious  to  the  health  of  the  observer  to  prosecute 
his  labours  in  so  exposed   a  situation.     Roemer,  therefore,  resolved  to 
obtain  the  erection  of  a  more  suitable  observatory  in  some  open  district  of 
the  country ;  but  having  been  unable  to  realise  bia  views  so  soon  as  he 
dcAJred,  he  was  induced  in  the  meantime  to  convert  his  private  dwelling- 
house  into  a  temporary  observatory. 

The  most  remarkable  novelty  of  the  Ohservatorittm  Domestuium  of  Roe- 
mer was  the  Trantit  Inttrument  of  which  that  distinguished  astronomer 
IMS  the  inventor*.  It  was  placed  so  as  to  make  observations  with  it 
St  a  window.  In  consequence  of  the  inter]>osition  of  the  neighbouring 
bouses,  it  was  impossible  to  commaud  the  view  of  a  very  Itirge  arc  of 
the  meridian.  The  range  of  the  instrument  extended  from  20°  south 
declination  to  40"^  north  declination.  The  axis,  which  was  of  iron,  was 
five  £eet  loug,  and  an  inch  and  a  half  thick.  Its  extremities  rested 
upon  iron  supports  inserted  in  the  sides  of  the  window,  and  the  direc- 
tkpn  of  its  position  was  east  and  west,  so  as  to  allow  a  telescope  attached 
to  it  to  revolve  freely  in  the  plane  of  the  meridian.  The  telescope  was 
plaeed  near  one  of  the  extremities  of  the  axis.  In  order  to  obviate 
ihe  effects  of  QeKure,  the  tube  of  the  telescope  was  composed  of  two 
cooes  attached  to  each  other  at  their  bases.  At  the  focus  there  were 
inserted  three  horrizontal  and  ten  vertical  threads,  but  of  the  latter  only 
three  were  used  in  practice.  The  illumination  of  the  field  of  riew  was 
effected  by  means  of  a  lantern  placed  above  the  centre  of  the  telescope 
which  threw  its  light  upon  a  perforated  concave  speculum  inserted  a  little 
behind  the  object-glass,  the  speculum  again  reflecting  the  light  along 
tbe  interior  of  the  lulie.  In  order  to  admit  the  passage  of  the  light  to 
tbe  speculum,  the  upper  portion  of  the  tube  of  the  telescope  near  the 
otiect-glafis  was  altogether  removed.  Towards  the  other  end  of  the  axis 
mts  a  projecting  arm,  carrying  at  its  extremity  a  micn>sciope  by  means  of 

*   HorrebowV  i7anf  Attrojurmite,  p,  4@i,  4to.     HaAiijt,  1735. 
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whicTi  the  decliujitioias  of  tUe  celestial  bodies  were  read  upon  n  graduated 
arc  lixed  opposite  to  it.  The  arc,  wbicli  extended  to  75^,  was  diviilwi  to 
every  tea  mitiutes.  In  the  common  focus  of  the  oVjjet't-glasts  and  eje- 
glass  of  the  microscope  there  were  iuserted  eldveu  parallel  threads,  by 
means  of  which  the  interval  between  two  consecutive  points  of  the  grada- 
ated  arc  was  divided  into  tea  equal  parts.  The  interval  between  two 
threadii  was  consequently  equal  to  a  minute,  and  ihb  a^in,  acoordiagto 
Jlorrebow,  the  assistant  of  Roemer.  might  be  subdivided  bj  estimatioD  so  u 
not  to  commit  an  error  of  more  Umn  2\"  or  3"  in  determining  thedecliofr 
tion  of  a  celei^tial  body  *,  The  pressure  of  the  telescope  and  projecting ann 
upon  the  axis  of  the  inHtrumeut,  was  counterpoised  by  a  weight  lendlDg  b> 
pull  it  upwards  at  the  centre.  This  contrivance  was  devised  by  RcNfOMf 
Kome  time  after  the  instrument  bad  been  in  use.  in  consequence  of  ceitus 
irregularities  in  the  observations,  which  he  could  only  acLomU  for  hj  tbt 
llextire  of  the  axis.  The  error  of  collimation  of  tho  telescope  waasiflV 
tained  by  reversing  the  instrument.  For  this  purpose  a  mark  was  care- 
fully observed  in  the  open  fields  before  the  instrument  was  phiced  b  ita 
position.  The  adjustment  of  the  iustrument  so  as  to  make  tiie  tflescapo 
revolve  exactly  in  the  plane  of  the  meridian  wajs  effected  by  means  of  ob> 
servations  of  corresponding  altitudes  of  tho  stars  f.  Horrebow  sbdw 
that  the  horlzontaJity  of  the  axis  of  rotation  was  carefully  ascertaiiMd 
but  he  does  not  mention  by  what  means  this  object  was  effected, 

Hoemer  continued  to  make  observations  with  this  instrument  until  » 
Buitable  observatoiy  was  erected  for  him  in  the  country,  when  he  obtsind: 
another  of  a  similar  kind  but  of  a  more  perfect  construction.  Horreboff, 
his  successor,  states  that  in  1715,  he  prepared  a  suitable  place  for  At 
original  instrument  in  tlie  ancient  observatory,  and  having  transported  it 
iluther,  made  many  thousand  observations  with  it,  which  were  regist^icd 
in  fourteen  folio  volumes,  when  on  the  2 1st  of  October,  \*2H.  these, 
as  well  as  all  Eoemer's  ohgervaiions,  and  also  the  others  which  be  Umtslt 
had  made,  were  destroyed  by  the  fatal  couflagrution  which  etmsrxmed  « 
large  a  portion  of  the  city  on  that  occasion  J. 

*  RoeoM^r'k  instruinents  wetv  in  general  divided  in  the  firat  tnttance  to  ertrf  In  w- 
nutes,  and  ailerA'ards  subdivided  1o  every  iDinute  by  means  af  the  micrcMCDpe,  mt  lecwedi 
Li-ing  estimateii  iis  mentioned  in  tiie  text.  From  (ht;  circtimttance  of  deetn  tbiw 
being  required  to  dividii  (he  space  between  two  coiioccujive  [toinlJ  <m  the  iuAniaicsil  i«u 
ttrH  etfual  parts,  DeUmbre  hiis  bastU^  concluded  ihail  the  thre&dfl  performed  the  func^ 
Qf  a  vernier,  but  this  is  obviou^lv  a  mistake, 

+  Delambi%,  wbo  can  set  ia  Roetuer  only  a  person  nho  carried  out  the  ideuaf  Pltivi 
^ndeqvaure,  in  crery  possible  maODer,  to  diminliib  the  credit  due  to  the  Danub  wHS^ 
BumuT  for  the  invcniion  of  this  Invaluable  in^trmui^nt;  and,  in  order  to  attain  blieo4li' 
has  not  scrupled  tu  throw  out  an  iii^itnjarinn  ntt  less  at  ^-ariant.'e  wttJi  truth  th^in  it  a  Ih 
worthy  of  hi*  high  rcputiition  as  an  historian  of  Bcience.  Thut,  while  tryiog  to  disco* 
the  rcaaona  whicli  induced  Hoemer  to  construct  hit  instrument  he  ^X|)fiQHW  himnelf  n> 
the  foLlowinp  tenns: — "  .  .  .  .  ,  Peul^trc  Roemer  n'Mnl  etc  induit  a  I*  fkire  cot' 
atruin*  que  pnur  h  mison  unique  que  Ic  mur  de  »a  cbsmbre  &ivt  oblique  *a  m^ridi*) 
qu'il  nfl  pouvait  V  placer  un  qnnrt  de  cercle  ct  pa»  m^mc  ta  lunette  murale  de  Ptcaii' 
{HisL  Ast.  Affwi,  totne  ii,.  p.  6*,).)  Now  so  far  fitun  it  being  true  that  leUtema  tt 
upon  the  cotistrui-tion  of  the  transit  telescope  b_v  mere  accident,  u  Delatabfe  iu>  wf- 
gf]«ted  in  the  foregoinj^  luisHge,  it  appears  froni  a  letter  wbidi  the  Danish  Hb 
wrote  to  Leibnitz  in  1700,  that  as  early  as  the  year  1675  he  liad  dLscovered  the 
advantii^e«  of  such  an  in«trunicnt,  but  was  Jiitlterto  unable  to  obtain  a  suitable  I 
wherein  to  place  iL  Thu!  he  comtneuc^  hiii  description  of  the  instruixietit  in  tbe ! 
luwiijg  terras:—  ".....  De  inelmmento,  cui  uui  aptum  vedificium,  jam  perSSanu* 
cxoptavi,  md  nunquam  oLtinere  licuiL"     (^AB*c«Uanea  BaoHnierudaf  tome  ill.,  p.STT.) 

I  Basis  AfttronomiEe,  p.  5j, 
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in  his  views  of  prRcdcnl  as^trouoiuT,  eeenis  to  have  been  far 

ce  of  the  age  in  which  he  lived.     He  makes  aiiine  admirable 

OD  this  subject,  in  a  letter  dated  December  15,  1700,  addressed 

t^  Leibuits.  who  bud  solicited  bis  opinion  upon  the  most  suitable 

otM«rvatory.     "  I  differ  very  widely,"  saya  he,  "  from  those 

hitherto  decked  out  observatories  more  for  show  than  for  use, 

>titig  the  instrumetitis  to  tlie  buildji]g:<t  talker  than  the  buildings 

ents."=*'     The  illustrious  Dane,  while  wriiing  these  tiues, 

ubtleas  a  vivid  recollection  of  the  magnihcent  "  Observatoirt  d« 

rf  "  on  the  banks  of  the  Seine,  and  of  the  e^tpedients  which  Picard 

isoseU  were  impelled  to  adopt,  while  endeavouring  to  fix  a  quadrant 

plane  of  the  meridian,  in  the  year  1678  [,     The  superiority  of  cir- 

inatruments,  when  compared  with  the  quadrant  and  sextant,  did  not 

his  sagacity:  "  1  do  not  coucur  with  otliers,"  says  he,  "  in  their 

respecting  the  construction  of  inatruments,  since  I  consider  that 

of  the  quadiunt  and  sexLant  should'  be  altogether   abandoned, 

Irould  place  more  conbdence  in  a  circle  of  four  feet,  tlian  I  would  in 

di&nt  of  ten  ieet."§     He  then  proceeds  to  describe  the  plan  qf  an 

mxotjt  which  he  had  long  deaired  for  himself,  and  the  chamcter 

inatrumenid  which  he  designed  to  employ  in  it.     In  both  tltese 

B  his  wiiihea  were  fully  reaJised  a  few  years   after^'arda,  as  ap- 

fmm  the  following  description  of  his  Rural  Observatory,  given  by 

bow: — 

^^^  Observatorium  Tusculanenm  '  of  Roemer  was  built  in  an  open 

^^Hppou  a  gentle  eminence,  a  little   to  the   west  of  the  ancient 

^^■gr.     it  WBS  17  Danish  feet  in  length,  the  walls  were  0.^  feat 

HHlde  and  tl^  feet  inside.     The   observations   in   the   meridian 

en&de  with  an  instrument  termed  the  Ihta  Mtiridianat  or  Meridian 

It  copiueted  of  a  circle  of  5^  feet  in  diameter,  revolving  in  the 

of  the  meridian  at  one  of  the  extremities  of  a  horizontal  axis  of 

length.     A  telescope  5  feet  long  was  attached  to  the  eastern  face 

circle.     The  intruraent  rested  upon  two  solid  supports  of  fir-wood, 

with  bars  of  metal  into  which   the  extremities  of  the  axis  were 

»d.     In  order  to  prevent  tleimre,  the  axis  was  composed  of  two 

r  cones  of  iron  attached  at  their  bases.     The  focus  of  the  telescope 

.iRversed  by  seven  vertical  and  three  horizontal  threads.     The  divi- 

bf  the  instrument  were  read  by  means  qt  two  microscopes  fixed  op'^ 

the  fiice  of  the  circle  at  a  disumce  of  10^  from  each  other,    Tbo 

of  reading  off  was  similar  to  that  practised  in  the  case  of  the  instm- 

Itlready  referred  to,     In  order  that  the  instrunient  might  command 

sole  of  the  meridian  from  the  northern  to  the  southern  horizon,  a 

nous  tissare  about  4  inches  brood,  was  formed  in  the  walls  and  roof 

boil  ding,  the  parts  being  united  by  iron  bars  only  in  those  places 

no  stars  were  apparent. 

tatt  did  not  fail  to  verify  his  instrument  before  commencing  hia 

nni«a  Bcm!ini«niia.  tome  SE,,  p.  277.  +  M,  Ara|^,  Atimuitire,  1845. 

imboi*,  in  his  Ba»it  Astfonomia^  cite*  a  stalement  of  Roetner'n  to  ifae  i-Rei't  IhaX 
fijunction  with  PieaH,  fined  a  mural  quodlmnt  in  the  piano  of  the  inL'ricJjan,  at 
nl  ObcervaK^rf  tif  Paria,  n\  the  year  167B,  This  Reems  to  be  cDntradittcil  by  1^ 
ho  BMefta  thai  the  mural  cjuactrant  vtz*  adjustod  [lermHticotly  iu  ila  position  only  in 
18^  fi  I!  probable  that  (he  expedient  employed  by  Picard  and  Roeinef  wa* 
of  ■  temporary  nature. 

L  BeroL^  tome  iii«,  p.  377. 
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observations  with  it.  The  deviation  of  the  optical  axis  of  the  telescope 
from  a  line  perpendicular  to  the  axis  of  rotaiion,  or  in  other  words,  tfae 
error  of  coltimation,  was  ascertained  by  reversing  the  instrumetiU  Ai 
thia  mode  of  verificatioc  was  troublesome,  he  subseqiientij  effected  the  sum 
object  by  observing  two  distant  marks  in  t^ie  horizon,  diametricaUj  oppoatf 
to  each  other.  The  horiaontality  of  the  axis  of  rotation  was  aacertaioedibf 
Qieans  of  the  plumb-line.  The  adjustment  in  the  plane  of  the  mertdiin 
"^a^  effected  hj  the  aid  of  observations  of  Capella  aud  a  Ljt»,  dunug 
their  passages  above  and  beneath  the  pole. 

The  other  inatrument  employed  by  lioemer  in  his  Obserfatory  «ii  t 
telescope  revolving  in  a  place  perpendicular  to  tbe  meridian.  It  vb4  for^ 
nisbed  with  a  system  of  vertical  threads  at  its  focus,  similarlj  to  th«  ule* 
scope  of  the  meridian  circle,  being  designed  to  be  used  in  oba«rriiig^  tb* 
passage  of  the  celestial  bodies  across  the  prime  vertical  *. 

In  order  to  exhibit  an  illustration  of  his  mode  of  observing,  Roemer  dnv 
up  a  list  of  tbe  decliuations  and  right  ascensions  of  certain  atais,  dtUi- 
niined  by  him  with  the  meridian  circle  on  three  oonaecutive  nightB  in  tbt 
month  of  October,  1700,    This  small  collectioa  received  fipoia  him,  ia 

*  It  is  to  he  regretted  that  Delambre,  who  was  bo  eminentlj  DUAlified  to  appiceititll* 
nlaa  of  the  iDiprDvecnent^  in  practical  astrahotny  effected  bjr  koemer,  bu  alkiW  Ui 
mind  to  be  so  overruled  by  preconceived  notiaiis  as  to  have  beeu  betnyed  into  afioa^ 
plcte  miirefireK'nlation  of  the  labours  of  that  aitroiiomcr  on  the  preheat  ocooJoii.  tVad. 
in  hit  description  of  thu  ObservatoriuiH  Tusculaneum,  the  following  eKtrwidiQU7  pi^ 
B5g0  occurs : — *'  On  y  voit  deus  porte*,  quatre  fenetresj  va.  Hi,  une  cbetnin^,  ^utii* 
boHo^s,  ct  deux  lunette*,  Tunc  meridientie,  I'autre,  plu»  petite,  qui  lounjut  dantky- 
cnier  vortical.  Maib  ce  qu'il  y  a  de  tinguLier  c'est  que  de  cjuatre  iieneD««,  deux  MOt  oa* 
la  direction  de  I'ajco  de  rotation,  et  qu'uDe  seule  tout  au  n|u^  parait  «lre  dun  la  diict^ 
de  U  lunette  pnncipale  ( Pknctie  Vllt),  et  que  la  Plairche  IfL  desttone  prmdipahRMat i 
bin  eonnattre  riustrument,  et  qui  nous  monlrc  Roemer  occupy  iobHrver,  pmit  paoM 
I'impoHibililc  absolue  de  diriger  la  lunette  au  tiord ;  et  quand  tout  Kimit  ouven,  «t  la  hMHi 
toum£e  au  nord,  ontieconcevxait  piis  mieui,  convment  l*ob«erv«t«urpoumitpflMerda«itMf 
Voculwre."  {ttist.  AsL  Mod.  torn,  li.,  p.  654 ).  It  wLlll  be  evideol  to  way  ptnact  ■tel*' 
ttawseven  ii  paaaing  glance  over  the  pagee  of  Horrctww's  Hatii  AMtronomur,  tiM  Dwtnt^ 
in  the  foregoing  paaaaj^,  confounds  the  Obscmatorium  Dfomtiticutit  fitted  up  by  Roenw  ■ 
a  eoTBcrof  his  home  in  the  year  \&.10,  with  the  more  complete  etliflco  «reeMd)^  Mi  h 
1704,  which  i«  denominatecl  by  Horrebow  the  OtHttrvatorium  T'taemttmam.  UIA 
Plate  III.  refers  to  the  former  of  theste  obtervatories,  and  to  the  origftBal  tiauBt  iirir^ 
ment  (tcnned  by  Horrebow  the  Machina  DmneMtica),  while,  on  the  otber  baai,  FN* 
VIII.  ii  intended  to  represent  the  Tuiculan  Observator)'  mth  the  Eata  Mmdia*  m( 
(he  prime  vertical  telcfcope.  It  has  been  mentioned  in  the  text  ihit  t)ie  BtaarAlriM 
with  liie  Holii  Meridiaim,  instead  of  beiag  made  at  a  windoir  6ar«^  gnpette  to  ^t 
Ifl&cope,  OS  Delambre  te«RU  oddly  eaouffh  to  imagioe,  were  id  reality  imM»  tfaiaq^  * 
fissure  in  the  building,  situate  exactijf  tn  the  plane  of  the  meridian;  aad  that  wfviiB 
it*  L>«in^  tm possible  to  direct  the  telescope  lowarda  the  north,  tbe  extent  of  'Am 
allowed  iia  lieing  ilirvt-ted  to  any  point  in  the  mendkn  tnoluded  betpeew  Ube 
and  jtouthem  horizons.  The  following  word*  of  Honvbow  are  iO  explicit 
point  that  it  »cemi  incredible  that  ibey  should  have  etaped  the  potic«  o|  IMmh 
"  Ut  autem  tubo  cum  macbina  pfimana  M  (Rota  Meridiuia)  cireuravoluto  total 
anus  ab  horizante  suitrali  per  xcnith  u^uc  od  horiicontna  borealem  patanC 
aLHltGdi  cum  teeto  acuminato  rimam  oontiivuam  habehant  (niatuor  pollicc*  laiaia, 
(^sm  AMrvuimiat  p.  141).  The  fallowiti|{  remark  of  Delambre'i  In  pefmaiee 
lame  lubject  ii,  perhaps,  itill  more  calculated  to  excite  astoatibm«Di  tbm 
bi*  jet  been  cited  -,- — "  Korrebow  regrette  qu'on  rVkI  paa  la/atudli  ttohmi 
cifcumpoisires I  «et  plancbei  paratMeat  di^montrer  c<>tte  impoMibilil^  •(  eeptadbitk 
poloire ;  la  tele  du  DragoOi  la  Lyre,  la  tctc  et  (a  queue  du  Cygnef  deux  itniki  ^  ^ 
<]Ueue  de  la  Grande  OurHc,  ont  et^  observ^-ei  au  oeawui  oomme  au  deaua  chi  •Mi'* 
{Mtt.  A^.  Mod;  lam.  it.,  p.  654).  The  wordt  in  IlaUcut  which  an  m>  itacflffi  m  At 
origioat,  with  tbe  evident  inteniton  of  impreMing  their  ligniGcwioa  mora  Mroa^ifB 
Um  raedier,  adbrd  a  remarkable  illustration  of  tbe  facility  with  wbleb  a  pMHW  Mlf  ^ 
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'tisequenoe,  the  appellfttioti  of  ihe  Trtduum.  Unfortanataly,  it  oon^ 
iaa  the  out/  reaultu  of  tiis  labours  that  have  been  preserved,  afl  hts  other 
tserratiotis  having  been  destroyed  during  the  fire  o{  112^,  In  af^iiracy 
ej  AtB  surpassed  ouly  in  a  sliglit  degree  hy  tlie  observations  of  tbe  pro-' 
nt  daj.  Tbe  passages  across  tbe  meridian  are  geDBiullj  observed  at  tbe 
ne  vertical  threads,  or  tvires  of  the  focus,  as  they  are  now  technically 
rmed.  The  time  Is  m  several  iDstances  assigned,  (o  fractions  of  a  second. 
is  no  mean  tribute  to  the  memory  of  Roemer,  that  the  observations  of 
e  Triduunt  constitute  the  earliest  collecliou  of  facts  that  have  been 
emed  worthy  of  being  employed  as  data  in  the  solution  of  the  great 
oblem  of  iBodeni  astronomy— the  motion  of  the  Solar  System  in  space. 
Tb«  TusOuJan  Observatory  was  built  in  the  year  ITQ-l,  and  in  tbe  month 
Deeaiuber  of  tbe  same  year,  Iloemer  commenced  his  labours  in  it, 
lich  he  continued  to  prosecute  till  his  death  in  1710*.  Horrebow  states 
Ktlbe  observations  made  by  Roemer  during  this  period,  filied  three  large 
10  volumes,  and  equalled  in  number  those  of  Tycho  Brabe.  The  ob- 
rvations  were  continued  after  the  death  of  Boemer,  till  the  autumn 
1711,  whea  the  Observatory,  by  some  unexplained  casualty,  was  de- 
pojed  '('.  The  iastnimentB,  which  sustained  great  injury  on  this  occasion, 
ire  transported  to  the  ancient  Astronomical  Tower,  where,  with  all  tbe 
ser^'fttions,  except  the  Triduwn  of  Iloemer,  a  copy  of  which  was  safely 
pt^iied  in  the  hall  of  the  Academy,  they  were  finally  consumed  by  the 
eftdful  fu-e  of  17-28. 

Hoemer  was  the  first  person  who  coustrncted  an  altitude  ami  azimuth 
rcle,  Tycho  Bmhe  and  Hetelius  had  made  use  of  quadrant*  movetiLle 
oat  a  vertical  axis,  but  Iloemer  did  not  fail  to  perceive  that  such  inatru- 
cQts  were  essenlitdly  defective.  The  diameter  of  the  vertical  circle  of 
ietXitifa  instrument  was  three  feet  five  inches  ;  the  diameter  of  the  azi- 
1^  circle  was  three  feet  eight  inches.     The  instrument  was  chiefly  used 

P^ed  tuto  ermr  upon  any  lubjccl,  when,  inslcnd  of  c^rerulty  examinrng  fiicts,  Iw 
crm  bU  mJiid  to  be  so  whollj  engnmed  by  his  own  Tavouritc  id&u  at  to  look  for  no(iiing 
e  «i(C«]it  vthat  may  appear  to  corroborate  thecn.  Wa  venture  to  assert,  that  the  nordi 
»ve  riled  are  not  to  be  foutid  nni^whrrc  in  the  book  vhJch  Etetviibre  profi's^s  to  be 
t\fi\njf.  Indeed,  it  Uobvioui  that  they  are  utterly  incomiitent  nitb  Horrebon'i  de- 
ijitiini  of  ibe  Tu^euUn  ObKrYolarj,  the  edifice  to  which  they  relate.  Debmbrc  him^ 
f  baa  not  failed,  iii  thu-  above  paiuigie,  Id  remark  that  thi?  regret  expressed  fay  Horrebow 
■t  variance  with  the  fact  of  leveral  cireunnpolar  itars  hnving  been  observed  l>y  Roerner ; 
t  it  aeemt  wholly  uiuiccountablii  that  he  ^bi  not  thereby  induced  ta  laolc  more  nar- 
i»|f  into  tbe  Bibjeet,  jo  as  to  duco>cr  the  origin  of  thii  apparent  contradiction.  It  if 
I  ofieillt  lo  Ir^ce  the  paitage  in  the  Sa*i*  Aalronomiix  vfhich  Delanvbre  hai  »o  griev- 
riy  mWoterpreled  (see  p.  1^1  of  the  work  just  cited),  but  it  \i  manifest  th;it  oidy  the 
lat  unif»7  esplorer  of  that  work,  jcduced  bj  wmc  memal  hallucJualtont  could  have 
vn  eomared  bv  fuch  a  [lAjSjise. 

*  Delantin:  recnarkit,  that  as  the  observatiotii  wbiclx  form  ihc  hsm*  nf  Roemer'a 
MWaiit  OO  tbe  annual  parallax  of  the  tcrreslriRt  orbit,  inierted  by  HorreboiT  in 
I  JBwa*  A/ttemomia,  irere  made  by  Roenter  in  the  year  1092,  they  kcfc  anterior  to  the 
iQlioa  of  tlie  TuK'ulan  Observatory,  and  he  therefore  conrludea  that  we  are  totally  ig- 
ranl  of  the  kind  of  instrument  employed  by  Roemer  in  these  olraervaiions.  (^iaii 
tm  im  Mtsoiu  ptM  guel  initrttment  it  a  emphyi  cfang  ces  ohscrvottDnn.  Hi^t.  Ast,  Mod., 
B,  it,,  p.  6#0-)  Tim  i»  unothcr  jtrikin^  inainnce  of  the  mistakes  into  whtch  Delatnbre 
""lea  by  cwifoundinR  iJic  Obsematurium  JOomtigtieum  of  Roemfr  with  ihe  Ohierva- 
Tmaetilaneiuti.     The  observationi  referred  to  were,  in  tai%  mode  at  tbe  former  of 

,(ii-bieh  nu^tted  up  04  early  aa  1690,)  with  the  origltio] IruDiil  ttutrument, or 

aehinit  Domi*tv:a^  already  dc*cribed  in  the  text. 

t  Horrebow  tttnply  iajrt — '■'^  Poitta  desvlatvtn  tttohter^atorinm.'*  From  thit  rxpresion, 
i  iIm)  (hat  which  followt,  "  aiqut  instruuenta  Jam  maffnU  Ictibut  fraeta"  it  would 
IS  that  the  btiitdipg  wa«  overthrown  b^  the  violence  of  tome  dreadful  ttonv. 
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m  ol'serviiig  corresponding  altitudes  of  t"Eo  win  rbS  atans,  for  Uie  pnrpostti 
of  regukting  the  clock,  and  adjusting  the  pcBtttooa  of  the  meridiooal  in-- 
fttmmenta. 

Huetner  nteo  oonstmcted  nn  equatorial  inBtninient,  hj  means  of  irhidi 
he  was  enabled  to  follow  a  celestiftl  body  throughout  the  whole  of  in 
course  above  the  horizon,  and  also  to  measure  the  differences  of  the 
astjensions  and  declinalions  of  two  stars  i^ituate  veiy  near  to  each  < 
Horrebow  states  that  the  object  for  which  Iloemer  expressly  oonsttttotaj 
tills  instrwraent,  iras  to  daterraine  the  parallaxes  of  the  planets,  by  ma 
stiring  tlieir  distances  from  the  neighbouring  stars  at  different  altitnin 
above  the  horizon.     We  have  seen  that  in  1065  Hooke  proposed  to  eAct 
the  same  object,  bj  making  observations  of  a  similar  kind  in  the  menduu 
under  different  latitudes. 

There  are  few  individuals,  of  anrient  or  modern  times,  who  effsasd 
improvements  in  practical  RstiMuomy  equal  in  importance  to  thoM  diu  tt 
Roemer.  Jt  is  a  remarkable  fact  that  the  Meridian  Circle,  ibo  Altiisdl 
and  Azimuth  Cirele*,  and  the  Transit  TeleBOope,  all  of  wbicli  ««« 
invented  by  this  astronomer,  form  the  capital  instruments  of  the  Cenlnl 
ObservatoT}'  of  llussiti,  erected  recently  at  Pulkowa,  the  most  magni^wnt 
institution  that  has  been  established  in  ancient  or  modem  times  foi  ifc* 
purposes  of  astronomical  observation. 

Horrebow,  who  in  1710  succeeded  Boemeraa  Astronomer  Rovalof  I^- 
mark.  has  given  a  detailed  account  of  the  catastrophe  which  restilt«d  m 
the  destruction  of  the  aatronomical  observations  of  Roemer,  as  well  «s  *11 
those  made  bj  himeelt  He  had  been  engaged  at  his  own  house  on  tilt 
evening  of  October  "20,  1728,  in  writinpf  a  oommentarr  upon  a  ftigai<«« 
of  Eoemer's  on  the  Annual  Parallax  of  the  Terrestrial  Orbit,  irhieli  It 
had  a  short  time  previously  discovered  among  the  mannscripta  of  ihl* 
astronomer,  when  his  attention  was  aroused  by  a  confused  uoiae  of  drdP 
and  bells,  annomiciug  thttt  a  serious  conflagration  bad  broken  out  ro  (i» 
city  f .  As  the  place  where  the  fire  was  raging,  whs  at  a  considet^M*  **• 
tauce  from  his  own  house,  he  wag  for  some  time  in  hopes  that  it  ycovAi  bf 
extinguished  without,  occasioning  him  any  inconvenience.  The  *iud» 
however,  having  unfortunately  fihifted  about  eight  o'clock  in  the  e»«ua^ 
the  firo  now  began  to  approach  his  own  dwelling-honse.  Presently  ft'?' 
ments  of  burning  material  fell  into  his  court,  while  other  portions,  aiifitit- 
ing  on  the  roof  of  his  house,  threatened  it  willi  instant  dan>;er.  Tli«i« 
was  now  no  time  to  lie  loat.  His  maid-servants  were  hastily  c>»ntluc»«d 
out  of  his  house,  along  mith  eight  children,  four  of  whom  wero  m  a  sUU 
of  nuditj'.  while  the  nurse  carried  in  her  arms  an  infant  nrhich  bad  bwfl 
only  recently  born.  His  wife  and  his  eldest  son.  a  youth  of  BiJtteen  jw** 
of  age,  rcnirtined  witfi  him,  and.  with  other  friends,  asaibtcd  in  trauffM^ 
ing  his  etlcctfi  to  tho  HhII  of  the  Academy.     This  new  place  of  ro«(f 

•  The  use  of  the  Vertical  Circle  of  PulUmin  U  Indeed  dJScrcnt  from  !b»l  of  ^af^ 
iostrumrtit,  lieinf;  crnploycd  mainly  ia  obicrtlng  tb«  celettt«l  bodies  a  few  minolHl*^ 
and  after  tlieir  ciilcninAUon. 

+  Tlic  tnodtj  in  ifhieh  poor  Horrebow  cndeavnuni  !■    i  .*m^^' 

for*  the  mind  of  the  rcaJer  la  nitiUr  ilromAtJf-     Hu  afiftt'^ 

mi'-    -  V"       Tinipniarv*  nml  ta  \n-  iulcrrujjteil  in  tlic  •  mmf*^ 

l\"  "'  f'lHowi'ng  mftfiiu'i- ; — "Karaf|uefX  o!>-'  '*2  uf. 

17'  ;i[um  authored)  mrollaxta  orbis  nmi-ii  .  lallCTft*" 

pi:  ,  cliirum  c»(.     St*1  yuid  atuHn!     T  anH^^ 

f  f  I  ''     Sonititp>  JiMuiarum,  tjfmf<tnoni<  '  Smeif^^ 

vlli.t  iiitii!t:ui  virtst  jrf  incrirmenla  ftimefu.     Die  SQ  U(^l(>i'>  1728,  bur,  J,  veppcrl    {1^"^ 
Attronomitt,  p,  7t). ) 


HisTOST  OF  FBrsidAi.  A^tnoinntr. 

ero  loiDg  threatened  vritb  cDofUgraiioD  nko,  Horreliow  was  compelled 
te  nmore  bis  effects  to  the  Astronomical  Tower.  His  Trife,  woru  out 
mXh  £aUgae  autl  auxiety,  went  in  quest  of  her  cbildrep.  wbile  he,  with 
liis  eldest  son,  staLioned  himself  iu  the  Tower,  whence  he  could  perceiTo 
bis  house  r&Uiog  a  prej  to  the  fury  of  the  flames.  About  four  oelock  in 
the  morning  of  the  3 1st  of  October,  the  wind  having  again  shifted,  the 
fire  begin  to  threaten  the  Astronomical  Tower.  By  this  time  the  avenue 
ta  the  superior  part  of  the  Tower,  where  Horrebow  bad  stalioued  himself, 
ms  almost  completely  blocked  up  with  a  multitude  of  effects  which  had  been 
deposited  fbr  safety  by  various  pereona,  so  as  nearly  to  prevent  liis  descent. 
The  near  approach  of  the  fire  now  suggested  the  certain  conviction  that 
the  Tower  would  speedily  become  a  prey  to  the  flames.  The  occasion  for 
takicig  some  decisive  step  was  therefore  urgent.  Some  bedding  which  he 
had  thrown  out  at  a  window,  was  immediately  taken  away  by  thieves.  He 
had  aow  to  consider  only  his  personal  safety.  Before  leaving  liia  own 
boose  be  had  searched  out  Bome  manuscripts  and  a  ft;w  engravings,  which 
fae  locked  up  in  a  desk,  and  brought  along  wiUi  him  to  tbe  Tower.  Being 
BEEdoos  to  carry  away  aa  much  of  what  was  really  valuable  as  he  possibly 
«ottlii,  he  was  desirous  of  leaviiig  the  desk  behind  him,  but  amid  so  much 
conliuiou  he  lost  the  key,  so  that  he  was  unable  to  obtain  access  to  the 
attitnscriptd  which  he  had  locked  up  iu  it.  and  he  was  in  conaequence  re- 
iiaetd  to  the  necessity  of  carrying  it  Ixidily  along  with  him.  This  imfor* 
tanate  circumstance  preveuted  him  from  carrying  away  other  thiugi=i  of 
greater  value.  The  descent  to  the  bottom  of  the  Tower  had  now  betsome 
extremely  hazardous.  Abandoning,  therefore,  e^er^'thing  except  tlie  desk, 
hastened  down  mth  it  at  the  risk  of  his  life,  and  escaped  ut  ouu  of  the 
rs  in  a  state  of  mind  bordering  upon  complete  distraction.  Shortly 
rwards  the  Tower  wus  enveloped  in  flames,  and  all  tlmt  was  contained 
tt  irrecoverably  perished ! 

Horrebow  states  that  he  WftS  fttixious  to  record  these  particulan, 
t  it  should  be  thought  by  posterity  that  the  astronomical  observations 
'e  Uy  Roeroer  and  himself  liad  perislied  through  imy  fault  on  bis  part. 
Boabtle^a  no  oqt!  who  reads  his  sad  tale  will  be  dis posted  to  harbour  such 
an  accusation  against  him,  ur  to  cherish  towards  him  any  other  feeling 
than  that  of  deep  commiseratlou  for  his  irreparable  misfortune.  Not^vith- 
siAiiding  the  many  valuable  articles  of  his  own  which  perisheil  on  that 
flccaaaon,  he  asserts  that  there  was  notliiug  which  he  regretted  at  the 
time,  or  which  he  stfll  continued  to  regrci,  except  the  loss  of  theae  obaer- 
Tations.  He  congratulates  himself,  however,  on  having  rescued  h-nm  the 
the  fragment  of  Koemefs  on  the  Annual  Paraiiai  of  the  Terres- 
I  Orbit. 

We  now  resume  the  history  of  the  Eoyal  Obsenatory  of  Greenmch. 
steeds  who  was  appointed  Astronomer  Royal,  waa  bom  at  Denby, 
Derby,  on  the  19lh  of  August,   1610.     His  early  predilection  for 
ntronoroy  is  evinced  by  an  observation  of  an  eclipse  of  the  sun  made  by 
him  in  the  year  1663,  the  record  of  which  appears  among  his  MSS.  pre- 
ed  at  Greenwich.     He  continued  to  make  observations  of  celestial 
enoniena  at  his  native  place,  till  the  year  1674,  when  he  was  induced  by 
circumstance,  to  which  allusion  has  already  been  made,  to  transfer  his 
aidence  to  London.     When  he  entered  upon  his  duties  at  (TrefJUT^iGh, 
te  fmind  that  the  Government  had  made  no  provision  to  enable  him  to 
?rute  his  observations,  by  furnishing  the  establlshmeiit  with  a  collec- 
of  suitable  instruments.     The  only  appliancas  which  he  possessed  for 
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this;  purpo9e,  were  an  irou  sesttant  of  seven  teet  rfldios^  and  two  dock* 
gi^^eu  liim  by  his  kiud  patroti,  Sir  Jonfts  Moore,  nod  a  quadrant  and  two 
telescopea  ivliich  lie  brought  with  him  from  Derby.  The  angles  were 
measured  with  the  sextant  by  the  aid  of  a  contiivaiice  which  H(>Qke  bad 
•suggested  in  his  "  Aniraadvei"sion3  on  the  Machtna  CeUstu  of  Hevelitis." 
A  screw  working  upon  the  edge  of  the  instrument  (which  was  racked  for 
this  purjiosc)  imparted  a  slow  motion  to  the  moveable  inJei,  upon  the  end 
of  which  it  was  fixed,  the  augles  being  measured  by  counting  the  revolu* 
tions  and  parts  of  a  revolution  of  the  screw.  The  clocks  were  mode  bj 
Tompion,  the  most  celebrated  artist  of  the  day.  The  pendulums  were 
thirteen  feet  long,  and  made  each  a  single  vibration  in  two  seconds  of 
time.  The  clocks  required  to  be  wound  up  only  ouce  in  twelve  montbi. 
The  quadrant  which  Flamsteed  brought  with  him  fmrn  Derby  had  a  raJius 
of  three  feet,  and  was  employed  by  him  in  regulating  his  clocks  by  inMoa 
of  the  obseiTed  altitudes  of  the  sun  or  atnrs  *. 

Flamsteed  commenced  liis  labours  at  the  Royal  Observatory  of  Greeu- 
wich  on  the  20th  of  October,  1076.  The  plan  of  observation  »l  firrt 
pursued  by  him  was  the  sarae  as  that  pmctised  by  Tycho  Biuhe  and  ibc 
earlier  astronomera.  The  intermutHn!  distances  of  the  stars  were  deter- 
mined by  observation,  and  their  posiliooa  relative  to  two  great  circles  to 
the  celeatinl  sphere  were  deduced  from  these  results  by  Irigonometnctl 
caloulrttion.  Fhimsteed  had  not  long  continued  his  obsenifttions,  wh^n  h« 
found  that  Hooke's  contrivance  for  measuring  angles  with  the  sextant 
Id  not  be  implicitly  confided  in.  He,  therefoi"©,  drew  diagonaU  njxm 
th«  limb  towards  the  end  of  the  j-ear  ItiTT,  and  subsequently  ex- 
pressed each  dugular  distance  determined  with  the  iustnitncnt  not  OQly,M 
hitherto,  in  terms  of  the  revolutioua  and  parts  of  a  revolution  of  liM 
screw,  but  also  in  degrees,  niiimtes,  and  seconds.  This  practice  VM 
found  by  hira  to  be  very  useful  in  checking  any  inuccarate  reading  of  lltt 
obaervaiions. 

In  order  that  he  might  be  enabled  to  deduce  useful  results  from  bit 
observationB,  Flamsteed  was  desirous  of  afioertaining  the  latitude  of  hk  ob- 
servatory, the  place  of  the  efiuinox  among  the  stars,  and  other  points  of 
essential  importatico;  but  these  objects  could  not  ho  effected  by  means  of 
the  sextant,  which  served  only  to  doteitnine  the  appai'i'nt  positions  of  the 
celestial  bodies  relative  to  each  other.  He  perceived  that  for  this  purpose 
a  mural  quadrant  was  nceegsary,  and  therefore  ns  soon  as  he  cnterrd 
observatory  he  endeavoured  la  obtain  one.  iShortly  afterwards,  ll< 
was  charged  by  Sir  Jonas  Moored  to  construct  a  mural  (|UA(]ra&t  of 
feet  for  the  observatory  ;  but  the  instrument,  when  completed,  iras  foflU 
to  be  totally  unmauageAblc>  Flamsteed,  therefore,  now  begiut  10  Uiiiii 
how  he  might  taUe  meridional  altittidea  with  his  sextaoU  and  he  so  fitf 
succeeded  in  hts  object  as  to  be  enabled,  in  1G77,  to  determine'  by  ita  flid 
the  latitude  of  the  observatory,  which  he  found  to  be  51*  '^H'  10".' 

Flamsteed  now  proceeded  to  correct  the  elemeuta  of  tht?  soIai*  Umoi; 
by  means  of  his  own  observations.  lie  devised  on  this  ocvaaiou  ttn  log** 
mom  method  for  determitiiug  the  absolute  right  asc^ndou  of  the  etto. 

'  Flmnstccd  «tatc«  that  he  cottlinucd  to  utc  this  miidrant  till  Junp»  1678^  wh«  ht 

obtAincd  A  nenlvr  one  from  I  he  lto),al   Scx^ictyt  ^Ijifii,  Imn-nver,  bv  wu  ciMRpiArJ  (• 

,  ie»tore  to  iti  oH-ncn  in  the  moiirU  nr  Cktubcn  of  the  foUowing  iri:Br.     Thii  dfCMiMMMi 

iiniluccd  litni  to  construct  «  dl>w  quadrant  of  SO  Ineht*  railiui,  fitted  with  peculiar  CMhv 

v&nccit  hy  tavani  al  ffbirh  he  w,u  pnntiled  to  aiiceriwa  tKe  tiniQ  frooi  obterrtfloa  wiiUa 

ihrM  lecondi., — (  BuHv'*  Life  n/  Ffanuietd,  p,  45,) 
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Ifl  remarked  that  "bj  observiug  the  meridional  altitude  of  that  bodj 
cIj  equinos,  two  times  tuight  be  found  when  he  had  the  sftme  declint^ 
«i;  Jitid  by  the  tables,  the  intermediate  arc  descriled  bjr  the  sun  might 
found,  half  of  whose  exoess  above  a  semicircle  (if  it  were  mote  than^ 
one),  or  half  of  whose  defect  (If  it  were  leas),  would  be  hia  true  distance 
from  elih«r  (equinox  at  those  times  ♦,  This  idea  forms  the  germ  of  a  fun- 
duueDtal  tuethod  of  greet  iinportance  wliich  astronomy  owes  to  Flam- 
snee6,  and  which  v-e  bLjiO  presently  have  occasion  to  allude  to  more  par- 
ticularly. 

Finding  by  esperience  that  the  sextant  was  very  ill  adapted  for  deter- 
mining the  menJional  altitudes  of  the  celestial  bodies,  aud  that  the 
GoTenimetit  was  not  diaposed  to  supply  him  with  a  mural  arc,  Flatnsteed 
re&olred  to  construct  an  instrument  of  the  latter  description  at  his  own 
expense.  This  design  w*as  carried  into  effect  by  him  in  the  year  1C81  j 
httt  the  itistriiment  was  not  fixed  in  the  meridian  till  1C83.  It  waa 
of  the  sanje  rudJus  as  tlie  sextant.  The  arc  was  made  equal  to  140° 
in  order  to  allow  ohser\'atioiis  beiiig  made  of  all  the  stars  uhidi  passed 
the  meridian  between  the  north  pole  and  the  southern  hoiizon.  Beings 
Tery  weakly  constructed,  the  instrument  was  found  to  have  %vtirped  whea 
plajced  in  the  meridian.  Flamsteed,  ho^veve^,  was  of  opinion  that  with 
due  care  it  might  be  useful ly  employed  notwithstanding  this  defect.  AC' 
ooiidtngly«  during  the  period  included  between  the  years  10B3  and  lO&fl'j 
he  continued  to  determine  the  altitudes  of  tlie  celestial  bodies  ftith  it, 
and  in  the  following  year  he  constructed  a  small  catalogue  of  stars  to  serve 
as  points  of  reference  in  his  future  observations,  founded  upon  the  results) 
obtaiDed  by  the  aid  of  tliis  slight  arc  and  the  sextant +. 

Having  acquired  possession  of  a  small  property  by  the  death  of  hisj 
father  in  1688,  and  seeing  no  prospect  of  being  furnished  with  any  instru- 
ments by  the  liovernment,  Flamsleed  now  resolved  to  construct  a  strung' 
mural  arc  at  his  own  e;(pense.  He  had  already  commenced  operations  ful?^ 
this  purpose  when,  his  assistant  Stafford  dying  in  die  month  of  May  of"! 
the  year  above-mentioned,  he  engaged  in  his  service  the  celebrated  Abra-' 
ham  Sharp  ;.     According  to  his  plan  of  the  instrument,  the  edge  was  to 

•  B*i\y'i  Life  bJ  FtatmUeed.  p.  50. 
^  Thii  was  a  catalugue  of  130  Stan  reduced  to  the  ji^ar  1686,  wliicK  he  (^nrioiied  U 
^BC  in  cotnimting  froin  his  obscn'alions  <hc  places  of  the  moan  and  platteli,  even  for  ^ol 
^Hm  •Her  ne  had  commenced  h\a  Dbjienations  with  tlie  mural  aic  in  1639. 
^^k  AbwJbain  SSjarp  was  bom  at  Liltk  Horton,  near  Bradford,  'm   Yorkshire,  iboutth^l 
^^v  1651.     After  receiving  the  elemend  of  a.  sound  education  nt  huf  native  place,  he  war  j 
^K^as  an  ■pprentioe  lo  a  merchant  in  Manchasler ;  but  having  no  natural  iivclination  to^*! 
^Mdt  QOlDmerce,   he  quitted  hi«  sityntiaa  witti  hi«  master's  consent,  and  subsequently  i 
Oficited  a  school  in  yverpoDi,  at  the  same  time  cultivatttin;  an  acqumtitance  with  matbe-v^ 
astioi  and  attronnray.      Shortly  afterwards  he  ruinoved  to  Londun,  utieri?  hu  becamft^ 
knofni  to  Flatnsteed,  vi-ho  wac  then  about  tn  a^suini'  the  BUperiiitcndcncc  of  the  Roxal ' 
Obf«Tv*tory  nf  GrcetiHidi.     In  1688  he  wau  appointed  by  Fbmsteed  lo  be  his  a^eistant/onl 
1(3  i  '  "ri  be  constructed  the  fumciij»  murat  arc  tvitii  whicli  that  astronomer  matic  the  I 

till  [lart  of  his  observations.      Finding  ttiat  ihe  fatigue  of  njgbt  obserVQlion  didl 

tM.  ■><4.i  i-^  t\eaL!y  eoDstilutiDn,  be  retired  to  brs  native  place,  where  he  spent  the  re-' 
aalo<|^  of  hit  day»,  living  upon  tlie  prDceeds  of  a  small  patrimonial  estate.  Here  he 
ttceled  an  oLiervatorv',  which  he  fitted  up  with  instruments  all  of  tiis  own  ccnFtructinn. 
He  aUo  made  his  own  telescopea,  jj^round  liia  own  lensea,  and  eonstructed  all  sorts  of  toots 
lued  b^  aritliceFF,  betides  contriving  and  executing  a  great  variety  of  irif^ntuut  pieces  of 
mcehani^m.  Moreover  lie  i^  tike  author  of  a  mathematical  hoiI  contdititti^  a  collection 
of  moit  eUborale  tables  rclntinj?  chicll)  ta  lognrithmF.  Although  he  lived  in  great  tv- 
tiuent,  }i«  carried  on  an  extensive  epistolary  correspondence  with  Newton,  Hal  to  v.  and 
i  lh«  moat  cekbrntcd  mathemalicians  of  hii  time.     lu  private  liiie  he  waa  mo£t  cxem- 
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[•%&  noifced  so  ai^  to  measure  the  angles  by  Hooke's  nietliod,  wliiVe  at  the 
mmo  time,  ns  lO  the  case  of  the  sextant,  diagonala  were  to  be  tlmwD  upon 
the  limb.  Sharp,  who  was  at  once  ftn  ingenious  mathematician,  an  expert 
cnlfuktor,  ntiil  a  slulful  mechanio,  racked  the  edjje  of  th«  liml>,  prepared 
the  ind(*t,  and  fixed  the  arc  on  the  wall.  Afterwards  be  diTided  and  en- 
gmved  the  limb  "  so  exfjuisitely."  ^ays  Flomsteed,  "as  to  excite  the  ad- 
Miration  of  every  beholder."  The  instrument  was  not  completely  ready 
for  119©  till  the  month  of  October,  1689.  Fovvrteeu  mouths  were  occupied 
in  its  erection t  and  the  total  cost  to  Flarosteed  wfu^  no  less  than  on«  bnn* 
dred  and  twenty  pounds,  not  one  iartliing  of  VfbicU  vra&  ewr  r^tmdad  to 
bim  by  the  Govern  tnent. 

The  mural  ore  erect(?d  by  Flamsteed  on  this  occasion  was  mnde  e^^ual  tc 
l<tO*^,  as  in  tho  case  of  the  former  inatniment  of  the  Siime  description. 
Its  ritdius  was  TO  inches  in  length.  The  limb  was,  in  the  first  iostanM, 
divided  to  every  5',  and  was  then  subdivided  into  snialler  parts  by 
means  of  diagonals.  For  thia  purpose  the  tiduclal  edge  of  the  moTeablo 
index,  included  between  the  outer  and  inner  arcs  of  tne  inatrumeot,  vra* 
divided  into  five  parts  bo  as  to  indicate  minutes'^,  and  each  minute  wm 
Buiidivided  into  &ii  equal  parts,  oach  equal  to  10",  which  again  luighl  he 
bisected  by  estimation  so  as  to  obtain  a  final  subdivision  to  every  5". 

Before  commenniug  hia  obaervations  with  the  mural  arc,  Flamsteed 
took  the  precaution  of  ascertaining  whether  the  zero  point  of  division  had 
undergone  any  alteration  with  re&pect  to  the  zenith,  during  the  interral 
that  bnd  elapsed  since  it  was  marked  upon  the  limb.  This  was  effected  bf 
observing  certain  stars  near  the  zenith,  first  with  the  instrument  itddf 
attached  to  the  eastern  face  of  the  meridian  wall,  and  then  obseirini^ 
the  same  stars  with  the  telescopic  index,  of  the  instrument  transported  to 
the  teestern  face  of  tho  wall.  Half  the  difForeni*e  of  the  zenith  dislonow 
of  each  star  determined  in  this  manner,  gave  the  corresponding  er 
colliraation  of  the  instrument,  and  the  mean  of  all  the  results  g*ve' 
mean  error  of  collimatiou.  From  observations  of  this  kind.  Flamstl 
found  that  the  zenith  distances  of  those  stara  which  passed  tho  meridian 
towards  the  north,  were  all  too  great  as  determined  by  the  instrument. 
The  error  on  tho  II th  of  September,  1080',  amounted  to  45'',  In  the 
course  of  his  subsequent  observations,  he  found  that  the  error  increassd 
slowly  in  the  same  direction  every  year,  a  circumstance  which  hie  at- 
tributed to  the  gradual  sinking  of  the  southern  extremity  of  the  wall  U 
wliichi  the  instrument  was  attached.  He  did  uot  fail,  therefore,  to  deiet- 
mine  from  time  to  time,  by  means  of  suitable  observations,  tho  amount  of 
deviation  arising  from  this  cause.  He  remarked  that  the  stars  in  the  feet 
of  the  coustellalion  (?«?minj  afforded  peculiar  advantages  for  tbig  purjiose; 
for  being  situate  near  the  solstitial  eolnre,  they  were  liable  to  cUange  vcij 
'  elowly  from  the  reti'ograde  motion  of  the  equiaoctial  points,  and,  b«ing  at 

plary.  He  4icd  on  tlic  I8ih  of  July,  1742,  in  (he  nmety-finst  year  of  his  ag«.  Tht 
delicacy  of  Sliurp'a  lianU  fur  manipulative  aperationa  was  cxquldt&  He  is  (nMicnlh 
udmUted  lu  ha  tlic  QthI  penton  who  cut  divi»toivg  on  aatronoTnicji]  instruiii/enis  with  Aflj 
prctoDsbu  to  iiccuRcy.  He  i«  also  the  Mrst  of  tbote  reouirkaibte  men  by  iha  ai<l  «f  mhvm 
mecbanieal  ul«titithG  Astronainer^  uf  the  Itoyal  OtMcrvatory  ofGreenwteh  freracoaUei 
to  t:3iecute  tiie  scnea  of  obKrvatLous  wl«iuh  have  vtoa  for  (hut  tistabluhineill  ili  ttOtilnIWI 
reputntiou. 

*   The  interrali  in  tliis  Case,  being  Ihe  results  of  a  stricl  motheitULtieJil  proeeiK.  wttt  BOt 
exaclly  equ^l,  bat  thx  tlifl'LTanoe  belwetia  tiro  ooiuecultra  divUiooa  could  *carcely  b*  i 
tudered  sensible. 
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tk  some  time  not  fiir  removed  from  the  ej;liptic.  they  were  subject  to  only 
t  viiy  siqrI)  error  in  tba  some  durectioa  from,  the  parallax  of  the  earth *a 

Fl&msteed  s  next  object  was  to  ftscevLoiu  the  arrois  produced  by  the  in- 
|inmi«iit  oa  the  right  eseeniiioas  of  the  stars.  He  remarked  tb^t  such 
tiTQra  loight  arise  either  fram  the  place  of  the  instrument  not  being 
txactly  iu  the  meiidiau,  or  from  the  object>gla^  of  the  telescope  not  beiu^ 
l^t^perlj'  a4J:U3ted  iu  its  celL  He  pi'opoaed  to  detenjaine  by  one  process 
tlie  combined  e^e«:t  due  to  tbeiiti  two  cuuses.  This  object  he  ticcomplighed 
for  all  altitudes  included  betsveea  the  equator  and  the  northern  tropic,  by 
coiii|)aiiiig  the  timenj  of  the  suu's  passage  over  the  mcridlou,  a^  deduced 
fcMft  observatious  of  eq^ual  altitudea  on  each  side  of  that  circle,  with  the 
oorresponding  limes  obtained  directly  by  the  aid  of  the  instrument.  In  this 
staoner  be  found  that  at  40^  of  zenith  dicitance,  the  tranijit  of  a  celeatlol 
body,  wheu  observed  with  the  insti'UQieut,  took  place  33  aeconda  earlier  than 
the  true  time.  The  errors  for  the  parts  of  the  arc,  comprised  between 
the  tropic  aiLd  the  north  pole,  and  between  tlie  eq^uator  and  the  southern 
borizou.  were  found  by  compariiig  the  dillerouces  of  the  right  ascensioDS 
of  s<;v«ral  bright  stare,  derived  from  obsen-ations  of  their  iiitermutual 
di^tauce^  with  the  sextant,  with  the  corresponding  results  deduced  from 
ob^enations  with  the  instrument  itself.  Having  thus  ascertained  the  errors 
tif  the  plane  of  the  instrument  at  various  zenith  distances  throughout  the 
whole  eiWiQt  of  the  arc,  Flamsteed  arranged  the  results  ia  a  table,  which 
lie  continued  to  use  from  the  year  J 690,  in  determining  by  observation 
Jte  right  ascensions  of  the  stars  f. 

Flamsteed  commenced  his  course  of  regular  observatious  with  the 
1  arc  OQ  the  lltli  of  September,  1Q8D.  But  before  he  could  deduce 
§aj  useful  results  from  tbemt  it  wa^i  necessary  for  him  to  determine  the 
felitude  of  his  observatory  with  greater  aecursL-y  than  he  had  hitherto 
done.  From  observations  of  the  lea-st  and  greatest  altitudes  of  cirfum- 
polar  stars,  he  finally  concluded  its  true  value  to  be  51°  28'  9 1".  He  next 
proceeded  to  derive  from  his  observatious,  the  obliquity  of  the  ecliptic, 
and  the  other  fuudameutal  poiut<»  of  afstronoinical  ficieiice.  Uis  khoura 
im  thia  occasion  are  diadnguished  by  considerable  originality  and  address. 
The  most  important  part  of  them  is  tliat  which  relates  to  the  determina- 
tion of  the  absolute  right  ascension  of  a  celestial  object.  It  has  been 
already  mentioned  that  he  succeeded  in  determining  the  place  of  the  sun 
with  respect  to  the  solstice,  by  observing  that  body  at  equal  altitudes  near 
tlie  equinoxes,  and  halving  the  intermediate  ate  The  magnitude  of  this  arc, 
however,  could  only  be  ascertoiued  by  computation,  and  consequently  the 
iTicy  of  the  result  depended  in  a  great  deface  upon  the  solar  tables, 
steed  eluded  thii  source  of  error  by  a  process  which  enabled  him  to 

termino  not  merely  the  place  of  the  ijun  with  respect  to  the  equinox, 

mt  also  the  places  of  the  stars  relative  to  the  same  point.     For  this  purpose 

tlje  interval  between  the  times  of  the  sun's  passage  over  the  meridian  and 

ikat  of  a  bright  star  near  the  equator,  was  noted  by  the  aid  of  the  pen- 

mlum  clock,  on  the  occasions  when  the  sun  attained  the  same  meridional 

altitude  neai'  the  two  equiuoxes.   Now  since  the  guo  has  been  continually 

•■  Histom  Cflfleslis,  vol.  iii.,  p.  112. 

f  Hist  Cb>I.,  vol.  in.,  ji.  1^.  TKla  tabla  docs  not  appear  in  tlic  Hlstoria  Caksti^, 
hot  Mr*  Bkilr  found  it  among  the  manuBrripta  of  Flamstced,  and  hu  inserted  it  in  his  in* 
temtUig  colUclioQ  ai  mamcdala  respecting  the  utraaoin^r.  — ( See  £iije  of  Flam- 
^874) 
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travelling  in  his  orbit,  duriog  the  period  included  between  ihe  ttco  observa- 
tions, ivhile  on  the  other  hand  the  position  of  the  star  is  invaiiflble,  it  is 
tnanifest  that  the  excess  of  the  second  of  these  intervals  over  the  first, 
■when  converted  into  space  by  supposing  every  15°  equivaleut  to  au  lioot. 
vvill  indicate  the  aic  of  right  ascension  deficnhe^i  by  the  sun  darinff  J 
iti termed! ate  petiod.  Tlie  half  of  this  arc  then  gives  the  distance  of  \ 
sun  frutn  the  sol&tice  at  either  observiitioii,  and  since  the  difference  of 
right  ascensions  of  the  sun  and  star  is  known  by  the  clock,  the  dial 
of  the  star  from  the  solstice  is  also  at  once  ascertained. 

It  is  obvious  that  the  practice  of  observing  a  star  in  connexion  wili 
the  sun  according  to  the  above  method,  is  attended  ivith  a  iviofold  udrin- 
tago.  In  the  first  place  it  serves  to  determine  the  right  oscensioD  of  lh» 
sun  independently  of  the  solar  tables,  by  aflbrding  an  accurate  ineai8itr»- 
ment  of  the  arc  described  by  that  body,  during  the  interip'al  of  time  thit 
elapses  between  the  two  observations.  Secondly,  it  leads  at  the  same  time 
to  a  ktiQwledge  of  the  absolute  right  ascension  of  the  star.  Acoordiog  in 
every  method  hitherto  practised  by  astronomers,  the  ascertainment  of  iba 
absolute  right  ascension  of  the  sun  was  effected  by  noting  the  tim«  d  hit 
passing  througli  the  equinox,  and  calculating  his  subsequent  tnoliou  br 
the  aid  of  the  solar  tables.  The  places  of  the  stars  with  respect  to  ti* 
equinox  were  then  determined  by  measuring  the  distance  between  the  sun 
and  a  bright  star,  employing  for  this  purpose  the  moon  or  Venus,  is  ik 
intermediate  object  of  obaerration.  The  method  of  Flatnsteed  iuid  tb« 
advantage  of  assigning  an  easy  nnd  direct  process  by  raenns  of  whieh  Uw 
right  ascensions  of  the  sun  and  star  might  be  fiiroultaneously  tieteroiinetl- 
Iforeover,  since  the  altitude  of  the  sun  is  supposed,  acc-urding  Ui  tbi» 
MJethod,  to  be  the  same  at  each  of  tlje  two  extreme  observfl.uou9.  ihc  fintl 
results  are  not  affected  by  any  uncertainty  in  the  values  of  parallax  or  »■ 
fractiou.  They  are  also,  independent  of  a  knowledge  of  the  latitude  rf 
the  place  of  obser^'ation,  an  element  which  entered  essentially  'mU>  »H 
the  ancient  methods  for  detemjiuiog  the  pluco  of  a  celesiinl  body  »itJi 
respect  to  the  equitiox. 

The  absolute  right  ascension  of  any  one  star  being  accurately  Jft«^ 
mined,  the  right  ascensions  of  all  the  others  mny  be  readily  found  by  • 
comparison  with  the  fundamental  star.  In  the  year  lG9t>  FlaiBstetd 
determined  the  absolute  right  ascensions  of  no  Ifss  thaii  forty  stifs  W 
comparing  them  directly  with  the  sun  in  the  mode  above  described,  m 
employed  the  results  in  establishing  a  series  of  points  of  reference  utvi 
him  in  his  future  observations.  By  his  labours  on  this  occa-  ■  ^'^^ 
has  become  innjerishably  associated  with  one  of  Ujc  fundaiii'.  i  ^ 

of  astronomical  science. 

Having  established  the  elements  of  tli6  solar  tbeory  and  other  point* 
of  primary  importance,  Flam  steed  was  now  enabled  lo  derive  from  bii 
observations  the  absolute  positions  of  ibe  celeatifil  bodies.  He  ilierelbw 
proceeded  to  compute  the  obsorvcd  positions  of  iho  tnoon  H»d  pUirft*. 
with  the  view  of  making  the  results  eubservicnt  to  the  rcctiticaiion  of  tl* 
theory  of  their  movements.  He  also  commenced  the  formation  of  irt* 
Icigue  of  the  fixed  stars  npon  a  more  extensive  scale  thnn  any  which  W 
been  liitherto  executed.  It  must  be  acknowledged  that  in  the'  prosecutjwi 
of  these  arduous  labouj-s,  he  received  very  littlo  asfeiHtanof  fixim  tltt^io- 
vemment.  They  had  not  hithertx^  furnii^hed  the  observatory  with  a  m$\t 
instmnicnt,  nor  did  they  allow  him  even  the  smallest  sum  forthttv*' 
siunul  repair  of  such  instruments  as  he  was  actually  using.     Wbin  k* 


taameated  hm  obsenrations,  tliey  ftsaigtied  to  him  "  a  Gurlv  labourer  "  to 
QiUMge  tlie  sextaiU,  but  thev  seemed  to  itiiagiue  that  the  wIhij  oi^  a  hun- 
dred poniids  a  jear  wbicU  he  received  wfts  atnplj  suHkiejit  to  ensure  his 
oini  performance  of  all  the  other  duties  connected  with  the  obsenatory*. 
Tft  execute  such  a  task,  however,  was  oiftnifestl?  impossible.  Under 
these  circuna stances  be  was  campelled  to  procure  an  aasistaut,  by  jwyiDg 
him  a  smalt  salarj'  out  of  bis  own  p<;>cket.  To  meet  the  expetist-s  which 
the  illiberal  trentmeut  of  the  Government  thus  entailed  upon  him.  he  was 
for  some  time  reduced  to  the  necessity  of  adding  the  profession  of  teaehtr 
to  hi%  usual  avocatioa.  Well  might  tio  remark  that  he  earned  the  isalarj 
doled  out  to  hiiu  fey  labour  httrder  thtirt  thrashitttf^.  The  difficulties  of 
hifl  situation  were  further  aggravat'Cd  by  the  po^essiou  of  a  feeble  frame 
oC  body,  and  the  periodical  attacks  of  a  painful  lualiidy  to  which  be  was 
oonstitutionally  subject. 

Tb«  illustrious  Newton  was  the  first  person  who  availed  himaeU  of  the 
etMervatitiits  mado  al  the  Royal  establiahment  of  Greenwich.  In  the 
yttOB  1604-5  be  obtained  from  Flams3teed  a  considerable  number  of  ol)- 
ierred  places  of  the  moon,  which  proved  veri'  sen'iceiible  in  guiding  bim 
to  a  knowledge  of  some  of  tlie  more  hidden  iue(}unlities  in  the  moliou  of 
that  body,  and  thereby  aifordiug  a  seasonable  cnntirmatlon  of  the  theory  of 
universal  gravitotiou  I, 

Notwithstanding  the  numerous  disadvantages  against  which  ho  had  to 
straggle,  Flamsteed  continued  with  unremitting  assiduily  to  labour  in  the 
discliarge  of  his  duties,  and  he  eonfldt^ntly  looked  forward  to  the  prospect 
of  being  one  day  enabled  to  present  the  results  of  his  observations  to  the 
world  in  a  satbfactory  form,  although  he  clearly  eaw  that,  if  left  wholly  to 
bia  own  resources,  it  would  be  imposs.ibIe  for  him  to  obtain  a  Bpeedy 
realisation  of  his  wishes  in  this  retipect.  Unlike  many  ostronomera,  he 
did  not  content  himself  with  merely  occumulatiug  a  moss  of  observations, 
IcKTing  to  others  the  task  of  reducing  them  to  a  form  which  might  render 
tbem  available  for  any  useful  purpose.  Much  of  Ids  time  was  occupied 
with  the  formation  of  his  great  catalogue  of  the  stars,  and  with  calculating 
from  bis  observations,  the  places  of  tlie  moon  and  planets  ;  and  it  wa^  his 
desire  not  to  commence  the  publication  of  the  observations  until  both  these 
objects  were  fully  accomplished,  so  as  at  the  same  time  to  be  enabled  to 
place  within  the  reach  of  the  public  tiot  merely  the  observations  them- 
Eelves,  but  also  the  results  directly  dcducible  from  them  §. 

■  The  p*iltj  utaij  which  he  received  vfot  sufajccn  lo  a  tu  of  ^I0,»  ihftl  in  realiiy  (t 
Hi  Dot  tmoiunt  to  more  than  £90  «  year.  Even  ihii  pitunce,  hoHeTer.  seemed  la  iha 
GovcnmeDt  to  be  more  than  an  aiie(|uate  remuneration  for  hii  tabours,  for  al  on«  lime  in 
Ac  cartypart  or  his  ewer  Ihef  annexed  lo  hts  duties  the  la»k  of  iiislructjng  in  nautical 
Mliwtuwy  two  boyi  of  Chmt  Church  HupttaL 

f  Bailj%  Lift  of  Fiamatted,  n.  1 1 7. 

i  For  tbc  correspondence  which  look  place  between  Ncirton  and  FlamBteed  on  ti)is 

mion.  tee  B«ilj'*  Life  of  Fiamtteed,  pp,  133  l(iO. 

%  Th«l  Fliuiuteed  wtiousi}'  cuiitumplated  the  publicalioD  of  hi*  obtertBtions  at  loine 
fafare  fieriod,  even  allhough  h.^  xliuuld  obtain  no  astiftuice  from  any  cjuaHcr,  n  evidcbl 
from  I  tie  following  passage  of  a  Jetu-r  dated  October  SO.  1700,  atldreiscd  l>y  Etim  to  Dr. 
SmiUi  of  Ozfonl ;—"  Briefl/,  air,  I  am  ready  to  nut  the  abservatious  into  the  prf»»»  a* 
■oon  ai  (hev  that  are  concerned  ihali  atTord  me  as&i&tantii  to  copy  I  hem  and  finiib  tl»e  edt- 
cuUUona.  *Bul  tf  none  be  aflbrded,  both  I  hey  and  I  must  sit  down  cotiteiiU'd,  (til  I  can 
finiib  tbem  with  tueh  hands  as  I  have;  nlien  1  doubt  not  but  tn  publish  theiu,  aa  they 
Qu^t  to  be,  haadwtneiy  and  in  good  order,  and  to  tatitfy  iho  world,  vrhtUl  I  haw  beet) 
bvbartnuly  tradticed  by  base  and  tilly  people,  that  I  have  i|)«nt  my  time  mtitii  l>ttter 
tbui  I  ihould  hnve  done  if,  tu  satiifv  ilicm,  I  bad  publislit'd  anytliJng  st'oner  and  imper- 
fect."—(Baily'i  Lift  f>f  FlatMtctd,  p"  746.) 
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While  Flamsteed  vfas  thus  strettuously  eudeavouriiig.  hf  hii 
aided  eGTorts,  to  give  a  de&uite  eb&pe  to  bis  tabouiia,  several  of  I 
contemporaries  begaa  to  express  a  feeling  of  impatieuce  tliat  the  publican 
tion  of  the  obsei'valiona  made  at  the  Iloyal  Observatorjr  of  Greeniricb 
should  be  90  loug  delayed.  He  ytas  ioduced  bj  this  cLrcumstance  to  AnM 
up  an  estimate  of  the  extetit  of  the  work  vbhich  he  was  preparing  fori 
pres9,  aud  of  the  plan  according  to  which  he  waa  deeaiotia  that  it 
be  published  *.  This  estimatQ  was  read  at  a  meeting  of  the 
Society  held  on  the  15lh  of  Kovemher,  1704,  and  received  the  iiniiijiirinii 
commendatioa  of  the  members.  Friiice  George  of  Deiunark,  the  Qomo'i 
con&iiirt,  who  was  shortly  afterwards  elected  a  member  of  the  Society, 
having  been  informed  of  the  labours  of  Flamsteed  ai  announced  in  tlvi 
exposition,  generously  undertook  to  defray  the  expense  of  their  pohikip 
tion,  and,  with  a  view  to  this  object,  a  committee,  consistiug  of  Nevtoi^ 
Wren,  and  two  or  three  other  individiiab,  was  appointed  ta  inspect  lb0 
manuscripts.  The  committee  recommended  that  all  the  obserratioaf 
should  be  published,  and  Flamsteed  w&a  iustructi^d  forthwith  to  pngtn 
them  fur  the  press.  Flamsteed  complied  with  the  demands  of  the  com- 
mllteo,  surrendering  into  their  hands  a  copy  of  his  oh6er>'atioa»,  andiJiid 
a  catalogue  of  the  Sxtd  stars  which  he  had  deduced  from  them.  Ait  ihl 
catalogue  was  not  complete,  he  merely  deposited  it  with  the  committae^ii 
a  guarantt'e  for  his  furnishing  them  on  a  future  occasion  with  a  laoiv 
perfect  copy,  expressly  stipulating  that  in  the  meantime  no  steps  wottUbc 
taken  towards  iti^  publication.  In  the  mouth  of  May,  ITUO,  tht;  printia^ 
of  Lha  observations  was  cammeuccid,  but  it  proceeded  very  slowly,  and  «ti 
at  length  interrupted  entirely  for  some  time  by  the  death  of  Prince  Gtoige 
of  Denmark  in  1 708, 

On  the  lijth  of  December,  1710,  the  Queen  i,'»sued  a  warrant  appoial* 
ing  the  President  of  the  lioyal  Society,  and  sueh  other  members  of  tlie 
Couticii  of  tlie  said  Society  as  he  should  think  fit,  to  be  Visitors  of  iltf 
Boyal  Obdenratory  of  Greenwich.  They  were  authorized  to  demand  of 
the  Astronomer  Itoyal  to  deli\  er  up  to  tbcm  wiLiiin  six  aoath^  aAier  tim 
close  of  each  i^ucces^ve  year,  a  true  aiiii  fair  copy  of  his  ffirmwl  obaanih 
tions.  Tbey  had  also  full  powers  to  direct  him  to  make  aoeh  oiiuet'iilJOW 
aa  they  should  deem  desirable,  and  to  inspect  tho  instniin^stl  ilQA 
time  to  time,  so  that  they  might  be  constantly  mointaioed  tti  a  ptVfV 
condition. 

The  origin  of  the  Board  of  Visitors  is  clearly  traceable  to  the  unfortu- 
nate misunderstanding  tliat  prevailed  between  FlaiiLst«ed,  on  the  one 
hand,  and  his  scientific  couutirmen  generally,  on  the  other.  It  has  1 
tinned  to  exercise  its  funetions  to  (lie  present  day,  but  at  lha  occc 
William  IV.  a  new  wannnt  was  issued,  according  to  which  ita 
underwent  a  slight  modification  f.     The  salutary  inJluati^o  of  nth  aboMJ 

•  it  appears  from  riatniCeed^tjooRMl.  ilni(  he  had  been  onlj  11  few  j^tm 
hi*  duties  at  Greenwich  when  penoBS  began  to  iinportiinc  htm  aimut  puli&alMaf  J 
Bn-f atioiu.  **  Some  people,"  $nft  he,  *^  to  inike  me  uneKrr,  ulhen  oat  «f  a  «bMV 
dtsirc)  ta  aee  the  hnppv  proipieM  of  my  tltidi^  not  tinilenliuiiuig  smiti  what  Iwij  drai»- 
^tjin<-'t  I  Itvetl,  mnm  hard  upon  me  to  prrni  ruy  obtettatioM." — {titUj't  Ij^  tf  n^ 
steed,  p.  M.) 

t  By  virtue  of  the  new  narranu  the  Preikteiit  of  tb*  Soyal  Soeiely  lor  IIh  tiam  Wqfr 
and  iivo  Cfihvt  F«ilowt  of  that  Society  nfiiBiMteil  by  bttn,  lagettwr  witb  tbt  fmMatd 
the  Hnjnl  AitronomiaU  Society  for  the  time  betnf,  and  dreo&er  VUkNn  0^  ttUt  Sbdi^ 
nominated  hy  him,  md  the  St^lua  Ptafenar  cf  Aatronomj  <t  Oitfonl.  and  thr  ftatta 
Pinfciar  of  Atttoikomy  at  Ctmbcidge,  are  ipiioiiited  to  bo  VHlton  oT  th«  Royal  Obs* 
valo^. 
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tlop.  16  indisputaljle,  for  wMle  on  tUe  one  hand  it  serves  to  pre- 
the  ^pHcation  of  the  resources  of  the  obserratyry  to  any  unwarrant- 
■jmrpdaofl^  on  the  other  hand  it  baa  thd  effect  of  periodically  relieving 
;i30«8ci«titious  astronoiner  from  the  responsibilitj  attached  to  the 
of  his  onerous  duties,  and  thereby  operates  as  an  encouragement 
exertion.  It  is  gratilying  to  reflect  that  during  tiie  last  handred 
at  least,  it  is  only  in  the  latter  respect,  that  the  advantages  result- 
m  the  establishment  of  the  Board  of  Visitors,  have  been  apparent. 
[u  tlm  ^ring  of  I  Til  the  printing  of  Flamsteed's  observations  was 
ed  by  order  of  the  Queen,  and  in  the  foUom.'ing  year  they  were  pub- 
iii  one  large  folio  volume.  The  preface,  which  was  written  by  Hal- 
>titaiaed  some  very  ungenerous  reflections  on  Flamsteed.  Moreover, 
in  which  the  results  of  hia  labours  wero  presented  tj  the  -world 
ion  was  far  from  being  in  accordance  with  his  own  views, 
to  the  stars  obser%-ed  with  the  mural  arc,  the  places  only  of 
inserted  in  the  work,  ^hieh  passed  the  meridian  about  the 
aad  nearly  on  the  fiame  parallels,  with  the  moon  and  planets, 
10  of  stars  was  also  no  other  than  the  avowedly  imperfect  one 
ed  originally  deposited  with  the  committee  appointed  to 
intend  the  printing  of  the  observations  in  1 704,  npon  the  express 
ion  tliat  it  should  not  be  published ,  but  merely  that  it  be  retained  as 
ledge  Jbr  bis  subsequent  delivery  into  their  bands  of  a  more  complete  copy. 
roald  appear  that  the  parties  charged  by  the  Queen  with  the  publication 
i3be  observations,  grew  impatient  at  what  they  conceived  to  be  Flamsteed  a 
lineas  in  foljSUing  his  promise,  and  adopted  the  resolution  of  printing  th« 
ilogne  in  their  possession,  without  his  concurrence,  or  even  hh  know- 
ge.  This  waa  manifestly  an  act  deserving  of  severe  reprobation.  It  maj 
urgied,  indeed,  as  an  excuse  for  such  an  extreme  proceeding,  that  the 
lerratians  were  public  property,  and  that  a  due  re^rd  for  the  objects 
i^ltenplated  in  the  estAblishmeut  of  the  observatory,  suggested  th« 
|MBegf  of  publishing  them  within  a  reasonable  period  of  time ;  and, 
^^B^iOOording  to  the  strict  letter  of  the  law,  the  act  was  JustiRable 
in  tbflt  ground.  But,  on  the  other  baud,  a  more  generous  allowance 
{Hi  to  have  Iteen  made  for  the  dilEcaltics  of  Flamsteed';^  position, 
ring  mainly  from  the  circumstance  of  the  Government  having  failed  to 
ird  him  such  support  in  the  prosecution  of  his  arduous  labours  as  he 
[  a  right  to  ex^pect  in  virtue  of  the  office  for  \vhich  he  was  held  respon- 
le.  At  all  events,  it  looks  like  a  wanton  diaplay  of  harshness  on  the 
t  of  the  committee  in  whose  bands  the  maniiecripts  of  Flamsteed  were 
sited,  to  have  resorted  to  their  publication  without  beforehand  ghin^ 
8ue  notice  of  their  intention  *. 

y  indignant  that  the  resnlta  of  liis  long  and  toilsome  lahoura 
d  be  presented  to  the  world  under  circumstances  so  injurious  to  hia 
pal  chsnicter,  and  in  a  form  so  little  calcahited  to  advance  bis  repu- 
as  an  astronomer,  Flamsteed  resolved  to  publish  a  complete 
D  of  his  observations  at  bis  own  exp(.'nse|.     He  accordingly  pro* 

It  ricJ^'  tf*  state  ihat  this  char^  rexti  solely  tipon  lie  autlionty  of  Ptanirt*i?d.  Fn 
habiliiv  lEie  parties  misundentood  each  olli«r,     TIte  ?rlio(e  iStak,  aa  discJnsed  bjr 

iiljY  work,  is  nf  a  very  uaplc^AMnt  nature. 

fcere  were  400  copies' printed  of  Hal  ley's  edition  of  1712.  In  1715  Flannleed 
ed  in  procuring  from  the  Government  nil  ihe  copies  that  remained  in  iheir  poa- 
tRDMifltmg  to  SOO,  and  immediately  committed  Uicm  to  the  ffames,  wElh  ihc  e*- 
of  Ihe  theets  on  niiich  bi^  Dbierratiou&  witb  the  sextant  were  printed 
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ceeded  to  carry  Ws  design  into  effect,  with  all  the  energy  wlaicli  llie  eon- 
Gciousness  of  a  just  cau%>e,  And  a  laudable  desire  to  set  hiniiielf  n'gbl  lo 
the  eyes  of  posterity,  were  capable  of  inspiring.  His  constiiutioti.  l»o»- 
ever,  already  shattered  by  tlie  iticeasant  inroads  of  ill  health,  and  now 
sinking  under  the  fiaiUies  of  old  age,  ^vas  inadequate  to  the  complel* 
execiitioii  of  a  tfiak  of  such  magnitude.  It  was  contemplated  by  lum  (g 
publish  the  results  of  his  hibours  in  three  volumes ;  but  he  had  barely 
succeeded  in  completing  the  second  volume  ivhcn  h©  died,  on  the  Olsten 
December,  1719.  The  preparation  of  the  third  volttme  for  the  press, «» 
effected  by  the  voluntary  exertions  of  Croathwuit,  his  assistant  at  th<  tinw 
of  his  death,  and  the  famou!>  Abraham  Sbarp,  who  had  also  at  one  time 
served  him  in  the  same  capacity,  and  had  ever  since  continued  hU  devoted 
friend*.  The  whole  work  was  Ilmdly  piibHshed  in  the  year  it'jri,  in 
three  volumes  foHo,  under  the  title  of  "  Hialorla  Co^le&tia  Uritannict.* 
The  first  volume  contains  extracts  from  the  observation!*  of  Gascoigne  tnd 
Crabtree  from  1638  to  1041),  also  FJamsteed'a  own  observations  at  Derbjr 
down  to  1075,  and  his  subsequent  observations  at  Greenwich  iriib  tlt« 
sextant  from  1 075  to  1689,  It  comprehends,  moreover,  various  sub^idiiwj 
tables  to  bo  used  in  calculation,  and  aUo  the  places  of  the  moon  ani  pla- 
nets deduced  from  the  observations.  The  second  volume  contatiu  tb« 
observations  made  with  the  mural  arc  from  108U  to  1719+.  At  the  end  of 
this  volume,  also,  there  is  a  collection  of  useful  tables,  and  a  list  *4  th« 
places  of  the  moon  and  planets  computed  from  the  ohaetvations.  Tlw 
lost-meulioued  results,  as  well  as  the  corrcspoiifling  results  in  the  firet 
volume,  exhibit  i^ot  only  the  right  ascensions  and  polar  distances  of  the 
Be  vera!  bodies,  hut  also  their  longitudes  and  latitudes.  The  third  vciltitae 
commences  with  the  Fralegomena,  in  wliLch  Flams  teed  takes  a  rund 
survey  of  the  progress  of  astronomy,  concluding  with  a  description  of  au 
own  instruments  and  methods  of  observation.  There  are  neit  inieited 
copies  of  all  the  catalogues  of  the  fixed  staris  that  bad  been  executed  bf 
astronomei's  previous  to  the  time  of  Flamsteed.  These  are  succMdad  hf 
Flamsteeds  o^vn  catalogue,  which  exhibits  the  right  ascensions  audpoltf 
dJBtancest  as  well  as  the  longitudes  and  lutitudes  of  ^035  stars,  redoc«d 
to  the  beginning  of  the  year  liSQ^,  together  with  the  annual  vamtioosin 
right  ascension  and  polar  distance,  arising  from  the  regresaioq  of  tlv 
equinoctial  points.  At  the  end  of  the  volume  there  are  Tarioiis  soblidkit 
tables  designed  for  abbreviating  tho  labours  of  calculation. 

*  Sliarp  rf  Hided  at  this  time  in  Yorkshire.  Hc4J«oa«*UtedCroilhwah  b  lln  pic|fiifa» 
of  the  maps  of  Flamslccd'd  Ailoft,  nliich  vtm  publjfhcd  in  17B0.  Ttu>  fnMowitngpmK^^ 
a.  letter  from  CroMhwait  to  Sharp,  dated  Jaimary  27, 1 721  -22,  n-flef  ih  $>o  much  ciiiliiyi 

all  the  fiftrtiet  alliided  to,  thai  it  cantiot  fail l«  firoi'P icce|ilablc  to  ihertAder: "  1  WRStdk 

concerned  to  find,  by  yours  of  the  2ud  inntaot,  tli«t  you  hwl  eDtertAincd  tbe  liHlMi^ 
cion  of  being  furgoitcti  or  sliKliled  by  me,  though  there  hkd  been  notbiag  moiieirj 
to  do.  I  can  assure  vou,  n-lth  Ihc  greatest  tinccrity,  that  t  «hall  for  ev«r  (tb«i||ti 
lUre  I  thaJI  hsve  no  thntv  in  thi<  proliu)  tetaia  a  grateful  reinerabrancc  of  IbeflHL 
and  kind  usiilcnoe  you  have  given  lownrd*  ei^mplutittg  Mr.  KlnnuteMl^  iroriEly  sail 
be  ri^ady  at  all  ttnres  hert^uftcr,  so  lung  m  life  endure*,  wben  ia  ray  potir«r«  to  ic4m  ja* 
gratituili« ;  and  the  memory  at  the  ingcnuoui  and  diiinlercs'vd  Air.  Sbarp  iriU  d«m^ 
by  me,  be  liad  in  the  grentu^t  c»tecm,  next  to  thai  of  mv  di<c«aaed  liKI  m^  frimA 
Mr.  Plamstccd,"  <Bri[7y'f  Life  of  FiamMeed,  p.  MG.}  Mn.  Flaitidced  dwd  in  I'M 
wittiout  k'Avlng  a  dnple  ^rlliiu^  irUhertQ  Crulbwait  or  Sltarji,  notHtibttanding  iWr^ 
inter«:tlc(l  (^xcrtiuns  in  hvr  bc-linlf  (i;^rui|^  a  period  of  icn  yean  I 

f  At  llic  top  of  eacU  page  of  observatjoiu  in  tbii  volume  the  error  of  coUiintfiN^ 
the  inilrument  ia  lOicrtcJ. 
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laiBsteed  is  universmlly  admittwd  to  have  been  oue  of  the  most  eminent 
mctical  aatronomera  of  the  age  in  ivhich  he  lived.  His  meiila  do  not, 
ndeed,  appear  at  first  si^'ht  no  conspicuous  m  those  of  some  of  his  illus- 
trknxs  contempoTanes  nith  whom  he  may  he  compared,  although  at  the 
sanie  time  they  are  no  less  substitntial.  He  does  not  generally  exhibit 
the  euligbtened  discernment  which  Picard  dbplays  in  his  researches,  nor 
was  he  eudowed  wilii  the  fertility  of  invention  by  which  noemer  was  ao 
emiuentiy  distingQiahed ;  but  in  carrying  out  viewii  of  practical  uiility, 
nith  a  scrupulous  attention  to  accuracy  in  the  most  minute  details,  in 
fortilade  of  resolution  under  adverse  circumstances,  and  persevering  adhe- 
need  Co  continuity  and  regularity  of  ohservalJon  throughout  along  career, 
hn  has  few  rivals  in  any  age  or  country.  Without  the  posses^vion  of  these 
HtraJotble  qualities,  the  most  splendid  genius  may  fail  to  exercise  any 
iurable  intluence :  by  means  of  them  Flamsteed  \^as  enabled  to  e^tabii>>h 
he  fuudflmentAl  points  of  practical  astronomy  upon  anewbi\3is,  and  to  rear 
t  superstructure  which,  for  mfiuy  years  afterwards,  served  as  a  landmark  of 
^ost  importance  to  astronomers.  lu  so  far  as  the  act-umcy  of  his  ohsei-va- 
ions  is  concerned,  his  labours  must  be  considered  with  refereuco  to  the 
imes  ia  whitli  he  lived,  and  the  diffictiltiea  which  he  had  to  encounter, 
Vhen  judged  according  to  tins  et|uiiable  standard,  they  will  not  suffer  from 
he  scrutinies  of  the  candid  enquirer.  It  fgnns  a  noble  attestation  to  the 
fterit3  of  Flamsteed  in  tliis  respect,  that  hia  observations  are  the  earliest 
rom  wtiicU  the  phenomenon  of  aherrntion  clearly  and  unequivocally 
ftnerges,  its  maiiimura  value  being  assigned  by  them  with  a  degree  of  pre- 
cision almost  equal  to  that  deducible  from  the  most  trustworthy  observE' 
ions  of  the  present  day  *.  As  drst  Astronomer  of  the  Royal  Observatory 
)f  Greenwich,  he  set  an  example  to  his  successors  the  beneficial  influence 
>f  which  cannot  for  a  moment  be  doubted  ;  nor.  while  that  noble  esta- 
ttlishment  continues  to  maintain  its  proud  pre-eminence  among  the  inati- 
Lutions  devoted  to  practical  astronomy,  will  the  labours  of  its  original 
Director,  prosecuted  with  suoh  unwearied  pci-severauce  throughout  a  long 
areer,  despite  the  depressing  intluence  of  fonstitutional  ill  henlth,  and 
the  unrelenting  hoatility  of  a  powerful  faction,  cease  to  be  held  in  respect- 
ful remembrance  by  his  countrj'men, 

Fl&msteed  was  succeeded  at  the  Koynl  Observatory  hy  the  celebi*ated 
Bdmund  Halley,  This  great  astronomer  wna  bom  at  London,  on  the 
29lh  of  October,  1656,  and  had  already  dislingnished  himself  by  a  bril- 
liant career  of  research  on  various  subjects  of  physical  science.  It  seems 
^mewhat  surprising,  wlien  we  consider  that  he  was  now  in  the  64th 
fear  of  his  sge,  that  he  should  have  undertaken  the  discharge  of  duties 
[>f  so  onerous  a  nature  as  those  attached  to  the  situatiou  of  Astronomer 
Royat.  UnUke  his  predecessor,  however,  ho  had  the  good  fortuoe  to 
possess  a  robust  constitution,  and,  in  reliance  upon  its  vigour,  he  was 
le&irons  of  prosecuting  a  series  of  observations  of  the  moon,  iu  regard  to 
which  he  had  a  special  object  in  view,  as  will  be  presently  mentioned, 
has  been  already  mentioned  that  the  instruments  used  hy  Flamsteed 

page  340  of  tbk  work,  where  the  voIub  of  aberration  deduced  by  M.  Peters 
Flanutevd'a  abtervatngnB  ia  given.  The  tame  lulronomcr  makci  the  klitude  of 
llrieh,  accoriiiiiB  to  flftmileed's  obscrvnlioni,  to  bo  51^  28' 4l".9+ 0  ".3.— (i?* 


tut  la  PurtiUaze  des  EloUe*  Fieea,p.  H . )  Mr.  Atry,  froim'ecent  olwtTvaTions,  hu 
lined  llic  true  value  of  (tie  latitude  to  be  31"  28'  38".2. 
p.  j'.tv.j 
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verfi  all  bis  own,  the  Goveriameat  not  havicg  eTcn  defivyed  the  expense 
of  occasionally  repairing  them.     Wo  need  not  wonder,  therefore,  that 
when  Hullfy  entered  the  obgervatory  lie  fotmd  it  completely  stripped  of 
eTerftbing  available  for  the  pro^ecation  of  oelastial  ob&err&^ns.    Ths 
muml  arc.  Uie  clocks,  the  telescopes,  aod,  in  short,  every  instntm^t  ia 
the  observatorr,  bad  been  carried  away  by  riamsLeed's  ex:ecators  imtne- 
dJaljely  after  hh  death.     la  consequence  of  this  djcumstance,  soine  Ume 
elapsed  before   Halley  was  enabled   to  eutjer  upon  a  regular  course  of 
observatiou.     In  17*21  he  procured  a  trau^tt  instrument,  with  vhic-h  b 
eommeaced  observutions  of  the  pftssages  of  Uie  celestial  bodies  over  Uie 
meridian.     This  instrument  waa  five  feet  six  inches  long,  and  is  staMd  ij 
Lalando  to  have  been  constructed  by  Hooke.    Halleys  first  obsemtiM 
with  it  13  dated  October  I,  17'4:L     In  lT:<iC,  a  mural  qtiadniot,  for  die 
ol«er\'ation  of  zenith  distances  as  welt  as  difl'erencjes  of  right  a£«naioo, 
was  at  length  erected.     This  instrument  -was  constructed   by  tl»e  cel«- 
brated  artist  Graham*.     It  was  made  of  Iron,  and  had  a  radius  of  eigbt 
feet.     The  limb  was  composed  of  two  arcs,  upon  each  of  which  a  differoit 
mode  of  division  was  executed.     The  inner  arc  was  divided  tii  evert  ^', 
accordiug  to  the  ordinar;r'  sexagesimal   scale,  find  was   afterwords  toll- 
divided,  by  means  of  a  vernier,  to  every  30",  which  again  might  he  wb- 
divided,  by  estimation,  to  oue- fourth  of  this  quantity,  or  7^'',     The  outer 
arc  was  divided,  lirst,  into  uiuety-six  parts,  and  then  each  of  these  iii'la 
ej&,tean  smalkT  parts,  each  of  which  again  was  subdivided,  by  means  of  i 
vernier,  to  every  13"^  and  each  of  these  parts  might  finally  be  subdivided, 
by  estimation,  to  5" or  6",  In  making  observations  with  the  instnuiient,botb 
modes  of  reading  off  were  employed,  so  that,  the  one  might  servo  as  Acbfck 
upon  the  other ;  hut  in  cases  of  discordance,  gresi<ter  reliance  iras  lagmllf 
placed  ou  the  indications  of  the  outer  arc.     Halley  commenced  his  ohea- 
vations  wth  this  instrument  on  the  20th  of  October,  172&.     Henocfw*- 
ward  be  continued  to  observe  not  only  the  transits  of  the  oelestiAl  1»d5«* 
over  the  meridian,  but  also  their  zenith  distances.     It  tlaeB  not  ijipcir, 
however,  that  he  adopted  such  an  extensive  plan  of  obgervatioii  as  Uwt 
parsued  by  his  predecessor,  Flam  steed.     His  main  object  was  to  procorf 
materials  for  the  improvement  of  tlio  Innar  and  planetary  tables ;  anJ,  ioJ 
this  purpose,  he  deemed  that  it  would  bo  uuueoessary  to  observo  any  odiar 
stars  tlian  those  that  were  situate  within  the  limits  of  the  zodiac    His 
labours  were  more  especially  directed  to  the  observation  of  tlis  moCrtL 
He  was  stimulated  to  this  object  by  the  large  refl^ard  which  tlie  Gtjveni- 
ment   bad  oSered  relative  to  the  longitude,  being  convinced  that  iIm 
method  of   lunar  distances  ivas  better  adapted  than  any  other  to  ilw 
solution  of  that  important  problem.     This  subject  seems  to  have  »  ^ 
engrossed  hts  attention  as  to  have  caused  bim  in  some  degree  to  nisglect 
the  ordinary  duties  of  his  office.     It  has  been  already  mentioned  Uutf  il>e 

•  George  Graham  was  bom  at  Gratwick.  in  Cumberlatid,  in  llie  year  lti75.  H**" 
not  onlj'  the  most  itilful  arli»t  of  hh  time,  but  was  alio  dutiogukbc.l  dv  a  pvohiioi 
nr(]uaTn1aucG  nlth  rsnmu  subjecbt  of  nututal  philosopb)'.  Btiriws  the  iRunti  aui^l 
nlluclecl  tu  in  the  text,  he  coti'^tnjetfd  tlie  ^maiis  zenith  sector  witji  which  Braakv  ^* 
covered  the  ph(?nDiTirtia  of  aberration  and  tiutatinn.  It  was  alto  with  a  aenith  tf^ 
executed  bj  tnesninc  arlkl  that  the  French  ttcademidans,  who  ine(i?ured  lAx  lenyth*/*' 
arc  of  the  fnoridJan  fn  Lapland,  detcrmintHl  the  IfttitiitH:^  of  ihcir  stations,  GrtlMflK**" 
tributed  various  pper^  to  i!ie  Philosophical  TVattsacUrmg  of  the  Rayal  Sodefy,  of  nW" 
he  was  ii  member,  Ono  of  these  related  to  (he  mercurial  coTDpengation  pradiduiPi  ^ 
iuvcntion  of  t^hicb  is  due  to  him.     He  died  in  1 751,  aged  76  y&tn. 
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of  Visitors,  wbirh  was  composed  of  nieTnl)ers  of  the  Eoyal  Societjf, 
wen  itaihorized  to  demajid  of  the  Afitronomer  Koys-l,  withia  six  months 
after  the  lapse  of  each  saceeasiTe  year,  "a  true  ftnd  fair  copy  of  the 
■nDual  observations  he  had  inade/'  At  a  meetiDg  of  the  Royal  Society, 
hdA  oBi  the  Snd  of  March,  17'^7,  Sir  l&aac  Newton,  who  n-as  tlien  Pre- 
ailBlit,  took  occasion  to  remark  that  this  regulation  had  not  been  recently 
oheerved ;  and  stated  at  the  same  time,  that,  as  the  continued  neglect  of 
it  might  be  attended  with  detriment  to  the  public  interest,  be  thought  it 
|voper  to  remind  the  Astronomer  Royal  of  the  drcumstonce  of  such  a 
ragalation  being  in  force.  Halley.  who  wna  present,  replied  to  Newton 
by  asserting  that  he  had  already  executed  a  great  number  of  observations, 
e^ecially  of  the  moon  ;  but  that  on  account  of  the  utility  of  such  observa- 
tions towards  ascertaining  the  longitude,  for  which  a  large  reward  had 
ImOi  ofiferod  by  the  Govertiment,  he  bad  hitherto  kept  them  in  his  own 
mutady,  that  he  might  have  time  to  finish  the  theory  be  designed  to  build 
upon  tiiem.  before  others  might  take  the  advantftge  of  reaping  the  benefit 
of  bis  I&bours*. 

Halley  died  on  the  14th  of  January,  1743,  in  the  86th  year  of  his  age- 
It  appears  tb«t  (or  Boiiie  time  previous,  he  bad  ceased  to  attend  to  tlie 
duties  of  the  observatory,  a  circumstance  which  is  not  to  he  wondered  at 
when  his  extreme  old  age  is  taken  into  cousideratinn,  Hia  last  obsen-a- 
tion  is  dated  December  31,  1739.  The  only  part  of  the  observations 
made  by  him  at  Greenwich  that  has  ever  been  published,  if?  a  colleetion 
of  olwerTed  places  of  the  moon,  which  are  to  be  found  nt  the  end  of  his 
Astix>oostica]  Tables,  which  were  published  in  1740f.  These  tables  were 
printed  off  in  1719,  with  a  view  to  their  immediate  publication  ;  but  their 
author  being  in  the  meantime  appointed  Astronomer  Boyal,  they  were 
retained  by  him  for  his  own  exclusive  advantage,  since  there  was  now  an 
increased  probability  of  bis  bringing  the  lunar  theory  to  snch  &  state  of 
perfecdoii  as  would  lead  to  a  practical  solution  of  the  problem  of  the 
loQgitnde.  With  a  view  to  this  object,  he  had  no  sooner  entered  upon 
his  dtitjea  at  Greetiwicb,  than  he  commenced  instituting  a  comparison 
between  the  places  of  the  moon  deduced  from  his  observations,  and  the 
corresponding  places  colculoted  from  the  tables.  These  results  were 
printed  off  at  successive  intervals  during  Halley  a  lifetime,  and  the  whole 
coUectioTD  was  finally  published  along  with  his  Astronomical  Tables,  as  has 
beea  already  mentioned.  It  exhibits  a  comparison  between  the  observed 
md  oleolated  places  of  the  moon,  extending  fiom  1723  to  1730.  The 
ent>r  of  the  tables  in  longitude  is  frequently  less  thaii  1',  but  in  some 
J  instance!^  it  rises  to  5'  or  6'.  In  general,  it  may  be  said  to  range  between 
^■fi^  and  4'.  It  does  not  appear  that  Halli?y  employed  these  residual  errors 
^H|&  auT  researches  for  the  purpose  of  obtaining  an  improvement  of  his 
^Kbles'of  1719. 

^F  The  original  records  of  Halley^s  observations  are  deposited  at  Green- 
widoii  in  four  small  q^uarto  volames.  Upon  the  recommcudation  of  Mr. 
Baily,  a  manuscript- copy  of  them  was  taken  by  the  order  of  tlie  Lords 
of  the  Admiralty,  and  [Resented  to  the  Astronomical  Socaety,  in  the  year 


•  Mem,  Ait  Soc,  vol.  viiL,  p.  188,  dted  by  Mr,  B«ily,  from  itw  Mioule  BmiIc  of 
Ronl  Society. 

t  In  (he  preface  to  (hese  tables  it  i.',  stated  that  they  were  nuunly  constroetod  by 
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183^.  Mr  Bally  has  concluded,  from  a  careful  iospectioD  of  thi 
aervAtbns,  tliat  ihey  da  not  posi^eas  sufficieat  value  to  reader  it  di 
that  thejr  should   Ue   printed*.     Maskelyne   had   already  intinia: 

Delatnbre,  that   they  were   tardly  preferable  to  those  of   Flams'    

Halley,  indeed,  was  endowed  with  e;  inind  of  vast  compass  as  well  m  extn- 
ordinary  sagacity  aud  power;  but  he  seems  to  have  undervalued  thoae 
babita  of  mitiiite  attention  which  are  indispensable  to  the  att^nmeut  of  « 
high  degree  of  excellence  in  the  pnu;tice  of  astronomical  observation  ^ 

The  absence  of  any  definite  plaa  of  operations  in  connexion  with  th 
Royal  Observatory  of  Paris  has  been  already  alluded  to.  The  evils 
arising  from  this  cause  did  not  fail  aoou  to  present  themselves.  The 
astronomers  engaged  in  prosecuting  observations  at  that  establishmeDt, 
were  frequently  compelled  to  discontinue  their  labours,  at  the  instance  of 
the  Government,  for  the  purpose  of  executinjj  scientiQc  operations  in  tlie 
provinces  of  Fitmce*  This  circumstance  occasioned  numerous  interTup- 
lions  in  the  records  of  the  observations,  which  manifestly  tended  in  t 
great  degi'ee  to  depreciate  their  value.  Moreover  there  was  an  incom- 
pictoness  generally  apparent  in  Uie  observations  actually  made,  arising 
from  the  want  of  a  presiding  power  to  direct  the  labours  of  the  estabUst 
meut.  These  defects  in  the  constitution  of  the  observatory  are  de»CTibai 
iu  the  following  graphic  tenns.  by  Cassini  IV".: — "Chactin  retuiii  oh$emt 
dans  Irs  cabinets  tomnte  il  I'entendait,  qaand  H  salon  que  c^la  lui  pit 
hi  a»trono»u»  noeices  pour  s'exercer,  iet  actidt-miciens  pour  leur 
cOitipta.  It  }i'y  amit  nt  plan  tjmvrai  mii^i,  tti  ehtf  pour  dinger;  rf*  td'fS 
accord,  m  ensanbh,  ni  suite  dans  Ich  triiviiiix."i 

But  althoagh  the  Royal  Observatory  of  Paris  failed  to  attain  such  i 
degree  of  efficiency  as  was  consistent  with  the  ilourbhing  eonditioa  of 
science  in  France,  there  was  one  important  department  of  practi<al 
astronomy  in  which  that  country  took  the  lead  of  all  other  uatioua.  It 
was  in  France  that  the  length  of  an  arc  of  the  meridian  was  tifit 
measured,  npon  principles  so  unexceptiowable,  and  with  so  acrup 
lou3  a  regard  to  accuracy  in  all  the  details  of  the  operation,  as  to  coo- 
maud  the  confidence  of  astronomers  generally  in  the  result,  and  lo 
induce  Nowton  to  resume  the  ever  memorable  investigation  which  con- 
ducted him  to  his  grand  discovery  of  the  principle  of  uuirersal  giaviU' 
tiou.  It  is  to  Fi*auce  also  that  astronomy  owes  the  establishment  of  tli« 
elljptictty  of  the  earth,  one  of  the  most  conclusive  facts  that  can  b» 
adduced  in  favour  of  the  Newtonian  tlieory.  This  objcL-t  was  effected  hj 
a  comparison  of  geodesical  measurements,  executed  not  merely  on  tfaa 
soil  of  France,  but  also  in  the  arctic  regions  and  under  the  equator. 
The  operations  connected  with  llie  establishment  of  these  resulia  ex- 
tended over  nearly  three-quarters  of  a  century,  and  exercised  tfa«  talents 
of  the  most  eminent  astronoraei's  of  France  who  flourished  during  th>t 
period.     The  name  of  Picard  is  imperishably  associated  with  the  origiu  of 

*  Sw  a  paper  by  Mr.  Bsily  on  (hia  subject  in  vol.  viii.  of  tfao  Mtmob*  of  cJ|#  Aitr^^ 
nomieal  Swntty, 

f  Hisloire  de  rAiilmuoifiic  au  DijihuUietae  Si^le.  p.  134. 
■  i  It  would  appear,  from  the  following  cxpresaioii,  that  Hallej  did  not  conlticupUtA  \kt 
poMibililj  of  diL-termioiiiK  the  apfuirent  pOEiitioQ  of  a  ceLeatial  boay  within  even  l/Fof  tb* 
imlli ;  — "  Ut  verum  fatcar,  minuta  ^ecunda  vcl  etiam  dena  secuodA,  instn^mfniit  crtHiK 
lumv'is  alTabrc  fauJis  certu  distingutj'ii  vijt  lioraiini  dalum  esl," — (PML  TVitmi.,  f7l£, 
p.  4^.) 

§  MeDDoires  pour  iervir  ^  I'Histoire  dei  Scivncea,  etc.,  p.  191. 


operations  wliich  have  reflected  so  much  honour  oti  France.  Their 
was  iltastrated  by  the  e£ertJoiis  of  Lacaille,  one  of  the  most  dislin- 
guiahed  ostronomera  of  the  eighteenth  centuiy*. 

In  connexion  with  the  Royal  Observatory  of  Pari3  may  he  mentioned 
Looville'd  Application  of  the  micrometer  to  divided  instraments>  This 
ifBS  effected  bj  directing  the  instrument  a.pproximatively  to  the  object, 
and  then  adjusting  it,  so  that  the  plumb-line  fell  exactly  upon  the  nearest 
point  of  divisiou.  The  moveable  thread  of  the  micrometer  was  then 
brought  into  exaet  coincidence  with  the  object,  and  its  distance  from  the 
fixed  thread,  as  determined  by  the  reTolutions  of  the  screw,  gnve  the 
fraction  of  an  angle  which  was  to  be  added  to  or  subtracted  from  the 
altitude  indicated  by  the  point  of  diTl^ion  over  which  the  plumb-line 
passed.  Loaville  first  described  thia  mode  of  ajiplying  the  micrometer 
in  the  "Memoirs  of  the  Academy  of  Sciences"  for  I714+.  A  sector, 
fttmidbed  with  a  micrometer  of  thia  kind,  vtas  shortly  afterwards  em- 
ployed by  the  astronomers  engaged  in  verifying  the  arc  of  the  meridian 
Uiai  had  been  measured  m  France  in  the  seventeenth  century.  It  would 
•ppear  that  a  similar  application  of  his  instrument  did  not  e^ape  the 
jitftntirn  of  Gascoigne,  the  original  iuventor  of  the  niicromoter.  Thus, 
"  tree,  writing  lo  him  in  a  letter  dated  December  6,  16il,  expresses 
astonishment  that  he  should  be  enabled  not  only  to  project  the 
diameter  of  Jupiter  into  prodigious  measures,  but  also  to  take  distances, 
altitudes,  incli nations ,  and  azimuths  iPitkont  the  limb  of  an  instrument, 
and  each  to  any  required  nuniher  of  parts  I, 

The  difficulty  of  making  accurate  observations  from  the  deck  of  a 
reaael^  arising  from  the  unsteady  position  of  the  observer,  was  found  to 
operate  as  an  insuperable  obstacle  to  the  success  of  any  method  for  And- 
iog  the  longitude  at  sea.  This  difficulty  was  entirely  removed  by  the 
iaTetttion  of  the  reflecting  quadrant.  The  germ  of  this  invaluable 
iastmiDent  ia  to  be  found  in  Sprat's  "  History  of  tlio  liojal  Society." 
Thtts,  in  an  account  of  the  inventions  of  members  of  the  Society,  he 
allodes  to  ^'  a  new  instrument  for  taking  angles  by  reflection,  by  which 
OMoifl  the  eye  at  the  mme  time  seeB  the  two  objects,  both  aa  touching 
IB.  liiA  aame  point,  though  distant  almost  to  a  semicircle,  which  is  of 
gn*t  use  for  making  exact  observations  at  6ea."|  The  author  of  this 
inatnunent  was  Hooke,  in  whose  "Postliumous  Works"  there  is  to  \m 
fbnnd  a  description  of  it  j:  but  it  does  not  seem  that  he  attempted  to 
fiallow  out  his  iugenious  idea  by  a  further  improvement  of  tlie  instrumeut, 
Newton  was  the  first  person  who  devised  the  construction  of  the  re- 
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"  Ptcard  comtnenciKl  hii  operations  for  the  meaiuremciit  of  an  arc  of  the  meridlw  in 
1669.  Tbe  arc  of  the  meridian  in  Laplnnd  was  measured  by  3lau[)crtiua  atid  his  com- 
panicoi  Id  170.i>  C.  lUie  cUipliclty  of  tlie  earth'ij  Rgure  wa^  finally  cstabliahcd  beyond 
ail  doniit  by  the  vcriflcalion  of  ihe  French  arc  of  the  meridian  in  174J.  The  ctperationa 
caoaMted  with  the  messuremeDC  of  the  arc  in  Peru  were  cotnpletect  a  fy\f  yeanafber- 

•f  Mem.  Acad,  dea  Sciences,  1714,  p.  73. 

X  Phil.  Tf^ms.,  1717,  p.  609.  Id  1669  Hooke  determined  tlic  zenith  diitaflc«»  of 
y  Or'teoiti*,  bj  the  aid  of  a.  mlcromctrical  contrtvaDce  timilar  to  thnt  of  Lauville'«,  inu- 
Boch  M  the  intenection  of  cross  wire*  of  the  telcidcope  was  not  broug'hl  into  exai.*t  coin' 
cidenee  witli  tbe  star ;  but  in  tiiis  case  tho  deWatian ^  of  (he  star  from  Ibe  opticsol  axia  of 
lj«  telescope  were  measured  by  meang  of  a  Kraduated  scale. 

$  Uistoiy  of  the  Royal  SocJety,  p.  246,  4to.  Land.,  1667. 
Hooke'f  "  PgstfaumDUB  Woriu, 
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fleeting  quadrant,  reBemlitmg  the  sextant  of  the  present  day.  He 
municated  an  account  of  it  to  Hailey,  who,  however,  oniitied  to  ii 
a  knowledge  of  it  to  the  ^vorld  ;  but  booh  after  his  deatli,  in  1742,  A 
deacriptioTi  of  the  inatrument  in  Newtoii  s  handwriting  'was  found  among 
his  papers +.  In  the  meantime  the  instrument  had  been  re-invetited  l»? 
two  individuals,  independently  of  each  other.  Tbe  reflecting  quadrant 
of  Hadley  \vas  first  described  at  a  meeting  of  tbe  Eojal  Society,  held  on 
the  10th  of  May,  ITS  If.  It  was  fiubsequently  found  that  his  inTeatim 
of  the  iiiBtrument  could  he  traced  hack  at  least  it^  early  as  the  AamflMf 
of  1790.  Tbe  other  irsventor  was  Thomas  Godfrey,  of  Philadolphilt  is 
America.  He  appears  to  Irnve  devised  an  intitrument  similar  to  Hadli]F^I 
towards  the  close  of  the  year  1730.  The  Royal  Society,  which  took  into 
conaideration  the  claims  of  the  t>vo  individuals,  decided  that  both  wwe 
independent  inventors. 

The  idea  of  enlarging  Hadley  s  reflecting  quadrant,  or  imther  octcnl. 
so  as  to  measure  a  distance  of  120",  was  first  propoaed  in  175T,  by  C^ 
tain  Campbell,  xvho  suggested  to  the  Board  of  Longitude,  that  a  Mstiot 
of  large  radius,  divided  by  Bird,  would  aerve  for  making  observatiora  at 
sea,  equally  "well  with  the  reflecting  circle  aa  described  by  Mayer*.  The 
sextant  ii^  the  form  iti  which  tbe  reflecting  Instrument  has  sines  betfl 
generally  used  for  nautical  purposes. 

Accurate  celestial  observations  being  uow  proclicahle  on  bourd  a  ilitp 
by  the  use  of  tlie  sestant,  it  only  remained  to  construct  trustworthy  loiHur 
tables,  in  order  to  perfect  the  method  of  finding  the  longitude  at  aei,  bf 
means  of  a  comparison  between  tbe  obsened  and  computed  diataitcecof 
the  moon  from  the  neighbouring  stars.  Many  years  wen  nat  aUovfd  (o 
elapse  ere  this  important  object  was  acoomplishdd,  as  we  alull  prtM^J 
have  occusion  to  mention. 

Jametii  Bradley,  tho  third  Astronomer  Royal  of  Greenwich,  was  bom  tl 
Sherboum,  in  Gloucesterahtre,  in  the  year  1C93.  In  17U  be  enl«r»d 
Baliol  College,  Oxford,  where  he  completed  his  cdncatiun,  Hiviag 
qualified  himself  for  the  chiirL'h,  he  vras  presented  to  a  living  in  tbcystr 
1719,  His  predilection  for  astronomical  pursuits,  which  evinced  itialf  »t 
an  early  age,  was  fostered  by  his  uncle,  the  Rev.  Jame»  Pound,  with  wbom 
he  resided  for  aeveml  years  at  Wanstead,  in  Essex.  In  1721  ha 
appoirtted  to  the  Savilian  chair  of  astronomy  in  the  University  of 
which  had  then  become  vacant  by  the  deadi  of  KelH,  Bia  nomiiiAtian 
the  Government,  as  successor  to  Bolley  in  the  Obs«rvatory  of  Greenwicht 
19  dated  February  3,  1  T4i^.  His  reputation  ea  an  astronomer  traa  ilffMl; 
well  established  in  Euro^ie  by  observations  of  a  miscellancooa  Datar^ 
and  more  especially  by  his  immortal  discovery-  of  the  Alxinutiou  of  Lig'i'' 
and  at  the  time  of  his  appointment  he  was  actually  engagdd  in  tbcM 
roBoarchea  which  resulted  m  his  discovery  of  tlie  Nutation  oi  t]ie  EMthi 
axis. 

firadl^'g  first  object  after  hiB  removal  to  Greenwich  was  (o  reyiirtb 


•  A  dr*»ing  wA  docnplbn  of  tlie  m»tjfumetti,  both  Ukcn  fftm  ^Icwtoo'ipvarii" 
isMited  it)  the  J'ftit  Ttam.  tot  1742,  p.  I6J». 

t  For  a  ttMcriplion  of  Hodk>'»  n?fl«e»iw|f  ocfani  wsi!  PkH  TVtiJM.,  17dl.  p.  HJ.  J** 
vVNTniniilJon  of  the  qucftian  njlaijve  to  tbe  iiivcntioo  of  Ihu  jodniiBMil  wiU  tolMati* 
Ihe  J^eufieat  Maausine,  vol  i.,  p,  a&J. 

Bradley*!  "  MuCiiUanequi  Cwreipoad«nce,'*  i*"  6&. 
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uisti  uiaeate,  and  carefullj  to  adjust  their  poeitions.  Hallej'  bad  confined 
binwelf  to  the  us6  of  the  qiutbI  quadrant  soon  after  Its  ereclioii  in  I  Ti^S  *. 
Bndlej,  bowevf^r,  resolved  to  employ  both  the  quadrant  and  the  tranail 
iutnuneDt  in  hia  observations.  Tlie  former  of  these  itistrmnentd  waa' 
repaired  by  Graham,  and  the  latter  by  Sie^on,  seTeral  important  improve* 
Bients  being  at  the  same  time  effected  In  their  construction.  Bradley  s 
first  obserration  with  the  quadrant  was  made  on  the  15th  of  June,  1742. 
His  eflkrlieat  transit  observation  is  dated  the  i^Oth  of  July  in  the  same 
yMr« 

The  mode  in  which  Graham's  iron  quadrant  vbiB  divided  has  been 
•ireftdy  mentioued.  Halley  generaUy  adopted  the  nearest  reading  of  the 
Viitiier  without  regard  to  the  fractional  parts,  but  occasionally  he  marked 
the  half  of  the  interval  between  two  divisions  of  the  vernier.  The  error 
of  bis  observations  might,  consequently,  amount  frotn  thia  eause  to  &'' 
or  6".  Bradley  pursued  a  similar  plan  of  observation  till  July  18,  1745, 
vben.  having  applied  a  new  micrometer  screw  to  his  instrument,  the 
threads  of  which  were  much  Jiner  than  those  of  the  old  one,  he  emplojed 
it  to  measure  the  fractional  parts  of  the  angles.  Cue  revolution  of  the 
screw  altered  the  angle  upon  the  instrument  53";  and,  consequently,  the 
fifty-third  part  of  a  revolution  was  equivalent  to  l''.  By  this  appUcatioa 
of  the  microDieler,  Bradley  was  now  enabled  to  make  observations  to 
wooodb  with  as  great  accuracy  as  he  had  formerly  done  to  diviaiona  of 
til*  Temierf. 

The  iron  quadrant  of  Graham  coniuiued  to  be  attached  to  tlte  eaetem 
faiOB  of  the  wall  erected  for  its  support  iu  1725,  and  was  employed  both 
hr  Halley  and  Bradley  in  observing  the  celestial  bodien  vrhicb  passed  tha 
meridian  to  the  south  of  the  zenith.  Bradley,  however,  was  desirous  of 
extending  the  plan  of  his  obsen'ations,  and  with  a  view  to  this  object  be 
preaenled  a  memorial  to  the  Government  in  iha  year  1740,  soliciting 
another  quadrant,  by  means  of  which  tlie  stars  that  passed  tlie  meridian 
to  the  north  of  the  zenith  might  be  ob^rved.  The  Govemmenl,  with  a 
promptitude  hitherto  unusual,  at  once  acceded  to  his  views,  and  in  the 
following  year  the  observatory  was  fuTnished  with  a  magnificent  braaa 
quadrant  of  eight  feet  mdius  constructed  by  Birdi,  who  now  took  the 
plac«  of  Graham,  as  the  moat  skilful  divider  of  instruments  in  his  day. 
JL&  In  the  ca«e  of  the  iron  quadrant,  there  were  tiro  diJierent  modes  of 
^Kaion  eiecuted  upon  the  limb.     By  the  inner  arc  the  quadrant  waa 

*  Tha  coujw  not  ImpCTativcty  prvMintied  by  the  tit!«!«»iti(«(  of  his  situation,  fgr  Ihere 
waj  only  one  vertical  nirs  in  hi*  triansit,  and  he  had  ha  a»:J^tat)t  by  whoea  CD^openitiO'ii 
he  ouKnt  bn  enahied  to  make  ritinultancoui  obscrvalions  with  tno  mttrumenls.  As  KKiti 
u  Bradley  was  a[ipainli>d  Astromimer  Rtiyal  he  §urcccdcd  in  prot^urin^  a  reaular  nsslstAtit, 
who  WM  paid  by  the  Government,  His  first  assistant  was  his  nephew,  .John  Bradley, 
l4l9i»ccordiug  to  Lalvide,  cviided  in  ihitt  ca]mcity  at  ibe  Koyol  Ob»erva(ory  for  n  period 
of  AJbMO  yean. 

f    Uigaud'i  Mitecllajicous  Witrh,  l^c.,  of  BradHty^  p,  Iv. 

X  John  Bird  v-ns  born  in  1709 ;  ue  noi  brought  up  a  cSotb>weaver  In  the  county  of 
DuHwm.  It  ii  *atd  ihat  hil  titenlion  was  first  dmwn  lo  ihe  dividing  of  ijiftlrumcots,  by 
obMTfio^  the  imperfect  gnduittcm  of  a  cloclc  dial.  Kavini^  acc|uired  ofitiiidenblH 
exjiertneis  in  hii  new  vocation,  tie  proceeded  to  London,  where  he  wis  empbye^  by 
Gnhmtn  and  other  ortinti  uT  the  day.  After  residing  in  Lcadon  for  a  few  years,  he  com< 
m«iHjed  business  on  hii  own  aceount,  and  snoii  aliained  an  unrivalled  reputation  as  a 
dirider  of  initrutnents.  In  J7G7  he  received  i'5O0  ftom  the  Government,  cm  condition 
that  he  should  dtvutge  his  meibod  of  (Graduation.  This  he  did  in  A  work  which  he  pub- 
lidied  on  the  tuhieeu  (  The  Art  of  Dividing  Snftrumentt,  London,  1767.)  He  died  on 
the  3lst  of  Mari;li.  1770. 
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divided  to  every  5' ;  then  ihe  intervals  between  two  consecutiTe  divkions 
were  subdivided  by  the  vernier  to  every  30",  end  theea  -were  fiualljr  sob- 
divided  by  the  niicroraeter  screw  to  every  l".  By  the  outer  arc  the 
quadrant  was  divided  into  ninety-six.  parts;  then  these  were  subdivided 
by  the  vernier  into  sixteen  smaller  parts,  each  equal  to  13".  1^3(1;  and 
tliese  were  tii^ally  subdivided  by  the  inici*omet.er  screw  to  every  I".  The 
Government  at  the  same  time  furDi<ihed  the  observatory  with  a  n*w 
transit  telescope  by  Bird,  eight  feet  long,  be&ides  an  excellent  clock  by 
Shelton,  and  several  other  instruments  of  minor  importance.  They  ■!» 
purchnsed  of  Bradley  the  famous  zenith  sector  with  wbich  he  discovered 
the  phenomena  of  aberration  ai\d  iiatation,  and  appropriated  it  to  ibe  ow 
of  the  obsenatory.  This  noble  instrument  was  deatgued  by  Bradley  to 
be  henceforward  employed  in  determining  the  errors  of  collimatioii  of  lite  ■ 
quadrants,  by  making  obserrations  with  it  when  its  face  was  tamed  alter- 
nately east  and  west. 

Bradley  being  now  in  possession  of  instruments  of  unequalled  perfee- 
lion,  proceeded  to  execute  a  series  of  preliminary  observatioiu  for  ibi 
purpose  of  ascertaining  with  greater  accuracy  the  latitude  of  his  obeifTi- 
toiy,  the  place  of  the  equinox,  the  quantity  and  laws  of  refraclioa,  iikI 
other  fundamental  points  of  astronomy-  In  pursuance  of  this  design  lb» 
brass  qundront  was  turned  towards  the  north,  so  as  to  be  employnl  tn 
making  obser^ntiona  of  circumpolar  stai^.  These  obseri"ationa  were  pro- 
secuted from  August  10.  1750,  to  July  31,  1753.  From  them  Bnuiley 
deduced  the  latitude  of  tbe  observatoiy  to  be  fir"  28'  38^".  H«  alw 
succeeded  by  means  of  them  io  couatructing  the  elegant  i-ule,  so  \cm/i 
used  by  astronomers,  for  finding  the  qviantiiy  of  refraction  Gorrespoodinf 
to  any  assigned  :!enith  dii^tanee,  and  any  observed  readings  of  the  htm- 
meter  and  thermometer.  He  determined  tbe  absolute  right  asceasioM 
of  n  few  of  the  principal  stars,  by  means  of  observations  modd  ii€ar  tbe 
equinoxes,  according  to  the  method  of  Flamsteed. 

As  soon  as  Bradley  had  established  thepo  fundamental  points  be  w^ 
moved  the  brass  quadrant  from  the  western  face  of  the  moridian  will 
and  permanently  attached  it  to  the  eastern  face,  where  it  was  afterwiri' 
employed  in  observing  the  stars  tbat  passed  the  meridian  to  the  aoutli  ff 
the  zenith.  At  the  same  time  the  iron  quadrant  was  removed  fr«in  thi- 
eastern  face  of  the  wall,  and,  after  being  re-divided  by  Bird,  was  atiachtfJ 
lo  the  westeni  face,  for  the  purpose  of  making  obscn'tttions  with  di* 
telescope  turned  towards  ilie  nortb.  Bradley  now  commenced  ihe  *«nr« 
of  admirable  observations  which  have  formed  the  groundwork  of  eo  mufli 
voluablo  research  to  future  enquirers,  and  which  would  have  fts^'Ored  tu 
bim  an  immortal  re[>utation,  even  indcpendeiitly  of  those  great  discovenfe 
with  which  hia  name  is  inseparably  associated.  TIjc  sun,  moou,  *oi 
principal  atara,  and  the  planets  when  situate  in  favoumble  pobiijoiw,  vrvtf 
regularly  observwl  with  the  transit  insitrument  and  the  muial  quadwnt*. 
Moreover,  a  multitude  of  small  slnrs,  chiefly  those  of  P'lamsteed""!  <"«««• 
logiio,  were  includtrd  in  the  plan  of  obsen.'ft'tion.  From  the  year  17^^ 
may  be  diilod  the  commencement  of  a  series  of  obscrvatina^*  wliicb  ih 
point  of  accurncy  may  liear  a  comparison  with  those  of  modem  tinu-« 
Henceforward  the  records  of  Greenwich  Observatory  embody  a  coli^^tJ'"' 
of  materials,  which  Imvo  almost  exclusively  furmcd  the  g'roondftwt  ^ 
every  inirestigation  undertaken  in  modern  times,  for  the  puq>os«  of  i'» 
proving  the  solar,  lunar,  or  planetary  tables, 

Bradley,  aided  by  only  one  assistant,  couUnued  with  inddati^ble  *>»' 
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duity  to  proB^utti  bis  laboui-s  at  tho  Royal  Olservaloiy,  unlil  at  length, 
in  the  autumn  of  1761,  bo  wns  eompelled  by  the  increasing  frailties  of 
old  age,  to  retire  from  the  duties  of  active  life.  "  Our  eye,"  says  hie 
le&nied  biographer,  the  late  Professor  Rigaud,  "  looks  into  the  Greenwicli 
registers  with  feelings  of  interest  for  the  tracer  of  that  hand  i^hich  con- 
vefed  BO  much  iDstmctioii  to  maiikind,  aud  eatcbea  octaj^ioimlly  the  sight 
of  It  till  September  1,  1701,  when  the  sun's  transit  was  the  lost  observft- 
lion  that  Bradley  ever  entered,  most  pi-obably  thm  he  ever  made.  Hig 
existence  continued  for  a  few  months  longer,  but  liia  scieotific  career  was 
elo*ed.'^*  In  fact,  he  shortly  afterwards  withdrew  to  Chalford,  in  Gloii- 
oettejTEbire,  where  he  continued  to  retiide  among  his  wife's  relations  till 
tus  death,  which  took  place  on  tlie  13th  of  July,  1763,  having  attained 
the  age  of  70  years +, 

The  registers  of  Bradley's  observations  occupied  thirteen  folio  volumesi, 
aod  at  his  dealh  were  twken  possession  of  by  his  executors.  In  J 707  the 
GoTerrmjent,  under  the  impression  of  their  being  public  property,  com- 
meueed  a  law-suit  wtth  a  view  to  their  recovery,  which,  however,  they 
abandoned  in  1770.  As  soon  ii^  it  was  ascertained  that  the  Government 
bad  relinquished  their  ciaini,  the  manuscripts  were  Irousroitted  to  Lord 
Koftb,  who  was  then  Chancellor  of  the  University  of  Oxford,  ta  be  pre* 
Geoted  by  liim  to  the  University.  They  were  finally  printed,  at  the 
expense  of  the  UniTersity.  in  two  folio  volumes.  The  first  volume  was 
pablished  in  17 yn,  under  the  superintendence  of  Dr.  Hornsby.  The 
•econd  volume  was  prepared  for  the  press  by  Dr.  Eobertson,  and  appeared 
in  It^Do.  These  two  volumes,  contain  the  observations  made  by  Bradley 
from  1750  to  170ii.  The  original  manuscripts,  as  well  aa  the  registers  of 
the  observations  made  by  Bradley,  at  Greenwich,  prevloua  to  1750,  are 
deposited  in  the  Bodleian  Library,  Oxford. 

Tbe  vast  moss  of  observations  made  by  Bradley,  winch  were  published 
in  two  vohmies,  as  above  mentioned ]|,  continued  inapphcablo  to  any  useful 
puipoae,  in  consequence  of  their  not  being  reduced,  until,  at  length, 
Bessel  undertook  to  execute  this  task,  in  so  far  as  regarded  the  observa- 
tions of  the  Btara.  The  results  of  his  labours  wore  published  iu  1B18, 
at  Konigsberg.  iu  one  folio  volume,  entitled,  "  Ftmdamatla  Astronomid! 
jtro  anno  17.^5,  drducta  (x  Ohen'dtionUius  viri  incomparnhilU  James 
Bradlet/f  in  specitUt  Aslronomica  Grenovicensi  per  annos  1750-1702 
itutitiitis."  In  this  work  Beseel  baa  determined,  by  a  t>enes  of  elatiorato 
tDvestigations,  the  quantity  and  kws  of  refreclion,  the  majcimum  value  of 
ibenation,  and  other  fundamental  points  of  astronomy,  as  deducible  from 
Bradley  a  obaervations.  He  estimates  the  error  in  declination  of  these 
observations  to  he  generally  less  than  4",  and  the  error  in  right  ascension 
less  tha.n  1"  of  time. 

The  observations  made  with  the  zenith  sector  at  Kew  and  Wanstead. 
by  the  intercomparison  of  wbich  Bradley  was  conducted  to  the  discovery 
of  aberration,  were  at  one  time  supposed  to  be  los>t ;  but  having  been 
fotjnd  among  the  papers  of  the  late  Dr.  Hornsby,  they  were  published  by 
Professor  Rigaud,  in  1833,  at  the  expense  of  the  UniTersityj  of  which 


^**  Bradley'f  MiMceltarnious  Works  f  Mtmnir?,  p,  100). 

f  lo  1751  4  [wnston  was  ^;rante(i  to  Bradley  by  George  11.,  not  as  ah  augmentation  of 
talsry,  but  ac  a  gT6tU)lous  acknoi^ledgment  of  lii«  persunol  meriL 
X  Rig«od  consiilerR  that  Ihcir  number  cannot  be  ka  tbati  60,000. 
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the  immortal  author  of  the  dbooveiy  forms  one  of  the  brightest  onuir 
mente*. 

While  Bradley  was  prosecuting  his  admirable  obserrationa  at  GrMO- 
-wich)  the  Continent  was  adorned  by  two  astronomers  who  are  justly 
entitled  to  be  associftted  in  the  history  of  astronomy  'with  their  illoslrtons 
contemporary.  It  will  be  desirable,  before  proceeding  further,  to  present 
the  reader  with  a  brief  notice  of  their  labotire. 

Nicholas  Louis  de  Lacaillo  was  bora  at   Rumigny,  near  Rosoj.  m 
France,  on  the  15th  of  March,  1T13.     He  was  destined  by  hia  ptmita 
for  the  church,  but  his  inclination  towards  astronomical  fttudies  effectaaUj 
fruBlrflted  their  design.     In   1715  he  proceeded  to  Paris,  where  he 
kindly  received  by  J.  Cassini,  who  assigned  to  him  a  situation  in 
Royal  Observatory.     In  1738  he  was  employed,  in  conjunction  with 
younger  Maraldi,  in  surrejing  the  western  provinces  of  France.     In  the 
two  following  years  he  took  an  active  part  in  the  operations  connected 
with  the  verification  of  the  French  arc  of  the  meridian,  and  it  is  to  his 
energy  and  ^kitl  that  the  successful  prosecution  of  that  important  un- 
dertaking is  mainly  to  be  ascribed.     While  engaged  in  these  labouni  he 
wap  appointed  Professor  of  Mathematics  in  the  Maxarine  College  of  Paria, 
whither  he  retired  at  their  conclusion.     A  small  observMtoiy  having  b«cn 
fitted  up  for  bis  use  at  the  college,  he  continued  to  hibour  th«>r»  for 
eereral  yeuiii,  dividing'  his  time  between  his  profesBional  duties  and  Mtio- 
iiomical  pursuits.     In  1750  he  proceeded  to  the  Capo  of  Good  Hone,  fer 
tbo  purpose  of  making  observations  in  the  southern  hemisphere.     Duriflf 
his  residence  there,  he  amassed  matenak  for  determining  the  pandlnes 
of  the  Moon,  Venus,  and  Mars,  and  for  investigating  the  laws  of  refflw- 
tiou.     He  also  measured  an  arc  of  the  meridian,  and  the  length  of  ibc 
second's  pendulum,  besides  observing  ten  thousand  etara  in  th«  ooatbtnt 
hemisphere.     Tpon  his  return  to  Europe,  in  1752,  he  e«tabliflhed  hiflsadf 
in  his  former  place  of  residence,  where  he  proceeded  to  dodoM  ft  nofliber 
of  important  results  froni  his  observ'ations.      In  1757  he  piibliflh«i  i 
fundamental  catalogue  of  stars,  forming  one  of  the  most  Taltuihle  wain 
buiions  made  to  ftstronomit^al  science  during  the  eighteenth  centuiy,    I" 
the  foUowitig  year  he  published  his  solar  tables,  the  elements  of  wbidi 
were  determined  with  such  precision  as  to  leave  Utile  further  to  h«  ilfr 
aired.     These  are  the  earliest  solar  tables  in  which  I  he  etTects  of  p)tn#tK7 
perturbation  are  taken  into  account.     He  in  also  the  authorof  aoatakgu 
of  about  500  zodiacal  stars,  which  was  published  after  his  death. 

The  advantagen  which  Lacaille  enjoyed  in  the  prosecution  of  his  Uli«wi 
were  extremely  moderate.  He  had  uo  assistant  to  relieve  him  frota  * 
portion  of  the  dnidgei^  incidental  to  ostronomicnt  pursuits,  nor  mi»W* 
instruments  by  any  means  so  perfect  as  those  of  some  of  hi«  oooMif^ 
mries.  By  his  talents  and  perseverance,  however,  he  Ba«c««Mied  in***" 
coming  these  difficulties  ■  hut,  unfortunately,  he  fell  a  victim  to  inotMtf^ 
application,  when  he  had  only  attained  an  ago  at  which  the  human  rowti 
tution  usually  retains  its  full  vigour.  He  died  on  the  fiUt  of  Ibi*- 
1789,  in  the  40th  year  of  his  ago. 

When  tho  admirable  labours  of  Lacaillo  are  takon  into  ooostdMUNO* i"^ 
is  impossible  to  repress  a  feeling  of  regret  that  he  wat  not  pboid  to  * 

•  "  MitoelUneout  W«tU  and  Corrunondence  of  tli«  Ut*.  Jame«  Bfuftvr,  P  P* 


Ion  iFherein  he  might  have  been  enabled  to  exercise  his  talents  with 
greater  benefit  to  aetrotiomical  acieiice.  Upon  this  point  his  dis- 
tiogtmhied  countryman,  M.  Biot,  very  naturally  makes  the  following 
remark ; — **  Quel  eclat  aiirait  jet^  Vrntroiiomit  observalrics  ai  Fraitei, 
qutUe  hautfur  aurait-elle  pu  att€indr&t  tl^i  ce  temps-la  tnSme.  $i  un  til 
homme  avait  suecedc  d  Picard  et  a  Koemer,  danf  un  observatoire  wninunt 
r0j/ai«,  crii  avec  I'inteUigenc^  d$  la  tcience,  tlispoie  pour  ses  beaoinSt  et 
pourvu  de»  iminiMentt  propres  a  I'apuncer!"*^ 

Tobias  Majer  waa  b«m  on  the  1 7th  of  February,  I7t23,  at  Morbach,  a 
town  of  Wurtemberg,  in  Germany.  His  fatlier  bar  lug  died  while  be  was 
|«t  joung,  he  v-aa  thrown  upou  his  own  resources  at  an  earlier  age  than 
usual,  and  wis  compelled  to  support  himself  by  teaching  mfttberaaties,  a 
knowledge  of  which  he  had  acquired  solely  by  the  perusal  of  such  books 
as  he  could  occasionally  procure.  He  was  only  twcnty^lwo  years  old  when 
be  puLiisbed  a  treatise  on  the  theory  of  curve  lines.  At>out  the  eame  time 
be  began  to  apply  himself  with  great  ardour  to  the  prosecution  of  astiono- 
ancttl  inquiries.  In  1750  he  communicated  to  the  Cosmographical  Society 
of  Kuremberg,  a  pnper  on  the  libration  of  the  moon,  in  which  he  deter* 
minod  the  elements  of  that  curious  phenomenon  with  greater  precision 
than  had  been  hitherto  done  by  any  astronomer.  Thia  paper  is  remarkable 
for  containing  the  earliest  example  of  the  method  of  equatiotn  of  eondi- 
tUm^  the  nae  of  which  has  contributed  so  much  to  the  improvomsut  of 
modem  astronomy.  In  1751  ho  was  appointed  to  the  superintendenco  of 
the  Observatory  of  Gottingen,  having  been  at  the  same  time  nominated  to 
one  of  the  chairs  in  the  Uuivetisity  of  that  city  t-  The  observatory  had 
been  recently  fumislied  by  George  11.  of  England  with  a  magnificent 
mural  quadrant  of  six  feet  radius,  constructed  by  Bird,  Mayer  proceeded 
to  submit  ht^  instrument  to  a  most  Bcrupulous  examination,  and  in  the 
execution  of  this  taak  he  displayed  a  combination  of  sagacity  and  address 
which  would  alone  suffice  to  stamp  him  as  an  observer  of  the  highest 
order.  lie  now  commenced  a  course  of  regular  observation,  with  the 
view  of  procuring  materials  to  serve  as  a  groundwork  for  establishing  the 
faDdamental  points  of  astronomy.  In  1753  he  published  new  solar  and 
lonar  tables.  The  latter  will  be  for  ever  momorablsj  from  being  the  first 
whieh  afforded  a  practical  solution  of  the  problem  of  the  longitude.  The 
observations  employed  in  their  formation  consisted  cluefly  of  echpaes  of 
the  aan  and  occultatious  of  the  stars.  They  did  not  amount  to  more  than 
300,  and  yet,  with  such  skill  wero  they  diacussed  by  Mayer,  that  his  tables 
feldom  erred  so  much  as  !.§'.  In  1755  he  transmitted  them  to  England, 
where  they  were  compared  by  Bradley  with  the  Greenwich  observations, 
and  were  deemed  by  that  astronomer  to  be  so  accurate  that,  in  so  far  as  the 
calculated  places  of  the  moon  were  concerned,  they  might  serve  in  finding 
the  lon^tude  at  sea  within  half  a  degree  of  the  truth,  and  generally  much 
rer  J.  In  175U  Mayer  communicated  a  paper  to  the  Royal  Society  of 
ottiugen,  in  which  he  explained  the  principle  of  an  instrument,  since 
b11  known  to  astronomers  as  the  repeating  circle.  He  continued  to  pro- 
secute hia  BstFODomical  researches  with  uuromitting  assiduity,  until  at 
length  his  constitution  became  impaired  from  incessant  application,^  and 
he  fell  into  a  languishing  illness,  of  which  ho  expired  on  the  tiOth  of 
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•  Joutaal  des  Satbim.  1847,  p.  5«U. 
i>  TIm  was  I  he  chair  of  |x)Ulic«l  econorny. 
nf  teONHM  upon  tkat  tubjcirt. 
%  Msjer^  Solar  md  Lunstr  Tables,  p.  cxii. 
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Febniiuy,  1762*.  Ati  improved  set  of  lunar  tables,  which  he  IclT 
behiud  him  at  liis  death,  were  transmitted  to  England  by  his  widow, 
in  consideration  of  which  ehe  obtained  frotn  the  British  Goveronient 
a  grant  of  money  amounting  to  £3000  f.  In  1770»  his  Theory  of  the 
Moou  *,  wliicU  sensed  as  the  basis  of  Ins  tables,  was  published  at  Lon- 
don.  It  m  substantially  the  same  ns  Eulers,  but  the  values  of  the  co* 
efficients  were  determined  by  the  aid  of  his  own  observations.  In  the 
Bame  year  there  "Wfls  publish edj  also  at  London,  his  improved  solar  imd 
lunar  tables  |.  Thei'd  is  appended  to  them,  a  short  dissertation  entiUcsl 
Methodus  Lonffkudiittim  Vromota,  in  which  he  recommenda  the  method  of 
lunar  distances  for  finding-  the  longitude  at  sea,  and  suggests  for  this 
purpose  the  use  of  a  reflecting  circle,  with  the  repeating  principle  applied 
to  it.  This  work  also  contains  bisj  formula  for  refraction,  embodying  tha 
result  of  his  researches  on  that  important  Buhject  |j.  The  two  works 
above  mentioned  were  publbhed  at  the  expense  of  this  country,  under  the 
Buperintendence  of  the  JQoard  of  Longitude,  the  task  of  editing  them 
being  executed  by  Dr.  Maskelyne.  lo  1775  the  first  volume  of  MayerV 
'*  Posthumous  Works  "  was  published  at  Gottingen,  which,  among  other 
Gubjects,  contained  a  catalogue  of  008  zodiacal  etars.  The  remaiuiug  por- 
tion still  exists  in  manuscript,  with  the  exception  of  the  observations  from 
which  the  catalogue  was  formed,  vrhich  were  printed  at  London,  iu  lS-i6. 

Mayer  has  earned  for  liimself  an  imperishable  reputation  by  his  louar 
tables.  Some  antrononiei-s  may  have  achieved  results  of  greater  hrilliancr. 
but  few  have  been  privileged  to  contribute  so  directly  by  their  laboois  to 
the  well-being  of  their  fellow-men,  Eren  independently  of  die  improve- 
ment which  he  effected  in  this  instance,  Mayer  possesses  claims  to  b« 
ranked  with  the  greatest  astronomers  of  ancient  or  modem  times  ;  but,  u 
in  the  case  of  either  of  his  illastrious  contemporaries,  Bradley  or 
Lacaille,  his  labours  are  not  of  a  nature  to  ho  generally  appreeutfd, 
and  therefore  his  reputation  is  less  widely  dilFosed  than  that  of  many  tn 
individual  whose  coDtrilmtious  to  science,  though  more  ehowy,  tY«  infinitely 
less  substantial. 

Bradley  was  succeeded  at  the  Royal  Observatoiy  of  Greenwich  by  Dr. 
Bliss,  Savilian  Professor  of  Geometry  in  the  University  of  Oxford.  This 
astronomer  adopted  the  same  plan  of  observation  as  that  pursued  by  his 
predecessor,  but  his  death  in  I7fl&  prevented  hia  labours  from  aeqmnog 
any  degree  of  importance  in  the  annals  of  theobBer>'atory, 

Neville  Maskelyno,  the  fifth  Astronomer  Royal  of  Greenwich,  was  bom 
in  London  in  the  year  1733,  He  compl*>ted  his  education  nt  Trinity 
College,  Cambridge,  and  subsequently  qualified  himself  for  entering  the 
church.     It  is  said  that  hia  attention  was  first  dmit-n  to  the  scIaom  4f 


'  ft  is  H>nicwiiat  lingular  Ihal  Drndlc'r,  Lacaille,  and  Mnyer,  the  Three  greatest  «i<nm^ 
tupn  of  the  cighleeislh  century  (sMppoping  llallej'  to  tmve  been  or  (he  Krenleentb).  £fd 
vithin  a  fevr  mnntfai  of  each  othrr. 

t  A  cropf  of  \hc  resolutinn  of  lite  Bonrd  of  Longitude,  recomoienditig  Parlwn«il  If 

frant  MiijerV  nidow  the  mm  of  I'^IO,  wilt  be  found  st  page  cxxiii,  of  the  Sotif  wak 
.unar  TsblcK  of  that  ul^onotn(^r,     tt  ■ppcsr*  from  Muketjue'i  pnjEioe  lo  Xhme  T*bla 
thai  the  lum  nrtualljra^wuded  hy  Ptrlivnent  atnounlcd  lo  tdtlOO. 

X  Theorta?  Lunat  juxta  S^tiin*  NeKtoniatiuin,  Sec.,  4la.  Load,,  1767.    Altboiqilll 
litlcspaffe  of  ihii  work  bun  ihe  date  of  1767.  it  wu  t^ttly  publithcd  Jn  177U^  m  aM 
frota  >bBkelyn(}'t  preface  to  Mnjer'i  Solar  and  Luow  T^m^  publuhed  in  tbe  liil>i 
(ioned  VMT, 

}"  TabuUe  Moluwtn  SolU  ct  Ludid,  bovb  el  oorrectn,"  ftc,  4to.,  LomL,  ITTOl 
See  page  117  of  ihc  vrork  rcrcned  to  in  the  text. 


tstronomy  by  tlie  great  sokr  edipse  of  1748.  He  contracted  an  early 
mtimacj  with  Bradley,  wbora  ho  nsalsted  in  the  computations  connected 
with  Ilia  researches  on  refraction.  At  the  recommeudatioE  of  that  astro- 
nowjer,  he  proceeded  to  the  island  of  St.  Helena,  to  observe  the  trHaait 
of  Venus,  in  1701.  He  commenced  hia  labours  at  the  Observatory  of 
Greenwich  on  tlia  7th  of  Mayj  1705.  His  instruments  were  the  same  aa 
tbcee  used  by  Bradley  and  Bliss,  but  his  plan  of  observation  was  more 
liiniled  than  that  pursued  by  his  predecessor.  He  confined  his  attention 
to  ihe  iun,  moon,  and  p!aact3,  and  a  select  number  of  Btars.  The  errors 
of  Cf^niation  of  his  quadtaiita  were  determined  from  time  to  time  by 
alii«rriition<;  of  y  Draconh,  with  the  zenith  sector  having  its  face  turned 
ilterDately  east  and  west.  During  the  intermediate  interv'tUs,  the  eiTors 
were  deduced  by  means  of  the  (juadrauts  themselves,  from  observations  of 
the  stars  in  the  feet  of  the  constellation  Gtfmini.  We  have  seen  that 
Flamsteed  employed  observations  of  the  same  stars,  for  the  purpose  of 
detttrmining  the  error  of  collimation  of  his  raural  arc.  in  order  that  he 
S^gllt  be  ennblod  to  deduce  from  hh  obseivations  the  absolute  right 
aie«T)sions  of  the  sun,  moon,  and  planets,  it  was  necessary  ta  establish 
»ith  great  precision  a  definile  number  of  reference  pointa  along  the  con- 
tour of  the  zodiac.  With  this  view  he  selected  tbirty-aix  stars  situate 
near  the  equntor,  each  of  which  was  sufficiently  bright  to  be  observed  in 
iho  daytime,  even  ivhen  not  very  far  removed  from  the  euu.  In  order  to 
render  the  observations  of  these  etars  available  for  ulterior  purposes,  it 
was  necessary  to  ascertain  their  places  witli  respect  to  the  equinox.  This 
«ts  effected  by  comparing  one  of  them,  «  Aqnilis,  with  each  of  the  re- 
iSiiaitig  thirly-five,  and  then  comparing  «  Afjuilio  directly  ivith  the  Bun. 
The  mode  of  investigation  pursued  by  Maskelyne  on  this  occasion  was 
founded  mainly  upon  Flameteed  s  method  for  determining  the  flbsoluto 
right  ascension  of  a  star.  Ho  continued  to  observe  the^e  Btars  on  every 
pncticable  occasion,  and  employed  the  results  in  the  formation  of  a  small 
ectalogue  which,  in  point  of  accuracy,  far  exceeded  anything  of  the  kind 
hitherto  executed-  By  comparing  the  observed  transits  of  these  standard 
with  the  corresponding  results  deduced  from  the  calalorfue.  it  was 
ible  to  ascertain  the  exact  error  of  the  clock,  and  hence  to  determine 
right  ascensioUB  of  tlie  sun,  moon,  and  planets. 

Maskelyne  first  introduced  the  practice  of  observing  a  star  at  the  five 
'tCTtical  wires  of  the  telescope.  This  mode  of  obaorvation  was  pursued  by 
him  with  nndeviftting  regularity  throughout  his  long  career.  He  was  also 
Ihe  first  who  noted  the  instant  of  transit  in  terms  of  tho  tenths  of  a 
•econd*.  Ho  continued  to  prosecute  hia  labours  witliout  interruption, 
— adhering  constantly  to  the  same  plan  of  observation  which  he  had 
tfteed  ont  in  tho  beginning  of  his  career — tilt  his  death »  which  happened 
Ob  the  flth  of  February''  1*^'  1.  biving  occupied  the  situation  of  Astronomer 
tloyal  for  a  period  of  forty* six  years. 

It  ia  to  Maskelyne  that  tho  original  establishment  of  the  '•Nautical 
Almanac"  is  due.     In  1703  he  published  a  work,  entitled  "  The  British 

■  lo  noting  tbe  pafl$ag&  of  b  itar  over  the  wirc^  is  (be  tnnsit,  Bmdtcy  in  genera!  took 
Ihe  IM0e>t  fflcond,  except  wti«n  tlic  mterval  wat  ];>erceptibte,  in  tt hk'h  case  )ic  mftrked  tlie 
obierratioa  *  or—,  to  indicate  that  the  true  time  citceedcd  or  foil  short  of  the  titne  recorclctl. 
In  Mma  cvCfl  the  time  of  transit  n  estimated  in  lerme  of  the  half  or  thtrtl  of  a  second. 
Mubelyne.  in  the  beginning  of  hig  carrier,  divided  ifie  second  into  eight  ports.  In  Sep- 
tvmbert  177%  be  tint  comiiionced  the  practice  of  recDrding  the  timea  of  tnuiait  toteathf 
of  » tetond,— ( JW»rei!bMir4)i«  Workt  ^  Bradley,  p.  liv.) 
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Mariner's  Guide,"  in  Tnhich  he  pointed  out  the  adrAtitage,  for  fin 
longitude  at  sea,  of  calculating  beforehand  for  each  je«r  ihe  di: 
Uie  moon  from  the  fiun,  and  the  principal  stars  lying  near  her  path» 
icsortmg   the  results  in   an   annual   ephemeria.     This   suggestion 
approved  of  by  the  Government,  and  he  was  forthwith  appointed  to 
it  hito  effect-  The  "Nautical  Almanac"  firet appeared  in  1767,  Diuin|_^ 
remainder  of  his  life  Dr.  Maakelyue  continued  to  superintend  the  puhh 
cation  of  this  ephemeris,  which  has  proved  so  valuable  to  the  mariner. 

Maskelyrm  had  not  long  prosecuted  his  labours  at  tho  Observatory  of 
Greenwich,  wbou  he  succeeded  in  inducing  the  Goveniment  to  print  hia 
observations  annually.  The  whole  resulta  have  been  published  in  four 
foho  volumes.  From  their  miiformity,  their  continuity,  ajid  their  geotni 
accuracy,  they  have  proved  of  inestimable  value  in  many  important  int»" 
tigationa  relating  to  astronomical  Bcience. 

It  has  been  already  mentioned  tliat  Roemer  did  not  fail  lo  perceiTe  th« 
superior  advantage  of  circular  instruments  in  making  astronotnica)  oWr- 
vfltiona,  when  compared  ^vith  quadrants.,  or  any  other  sections  of  a  cinJe, 
and  tlmt,  in  accordance  with  this  view,  he  procured  the  const niclion  of  ft 
meridian  circle.  Tho  example  of  the  Danish  astronomer  does  not  awn 
to  have  been  imitated  by  any  of  his  t-qntemporaries,  nor  was  the  idc*  of 
circular  instrumenta  revived,  until  Mayer  proiwsed  the  oonstmcUon  of 
the  repeating  circle.  In  1757  a  retlecting  eircalar  inatrumeut,  conatnicted 
according  to  tho  description  which  Mayer  had  transmitted  to  Engltoi 
along  with  bia  lunar  tables,  was  actually  employed  by  C>ip(aiu  Caispbcll 
in  making  observations  at  sea,  but  it  waa  speedUy  replaced  by  a  Matfttil  of 
twice  the  radius,  as  being  more  easily  manageable  *. 

Towards  the  close  of  the  laat  century  the  Danish  astronomer*  Bogg^ 
made  observations  with  an  altitude  nad  azimuth  circle.  The  diametei'  of 
the  vertical  circle  was  four  feet  f.  In  ]  769  a  vertical  circle  of  &fe  fotl  in 
diameter  wa^  constructed  by  Kamsdeu  I  for  the  celebrated  astronouKf 
Piazzi,  who  employed  it  in  determining  the  declinations  of  his  great  call- 
logue  of  stars.  CJrrular  itistmmcnts  of  various  forms  soon  afterwiniJ 
came  into  general  use. 

About  the  same  time  that  circular  instrumenta  were  ai^un  wp^iki 
to  the  purposes  of  astronomical  observation,  the  method  of  nftdtng  (£ 
the  angles  by  means  of  microscopes  fixed  in  piorw  oppo-ijte  to  thtliti- 
ftions  of  the  limb  was  also  restored.     In  the  present  however,  id 

inportant  1  m prove ment  of  Roemera  metboil  was  <<  i      t,  itistMid  <^ 

BuSdividiug  the  interval  between  two  consecutive  potuta  of  divifioii,tT 
means  of  parallel  threads  placed  in  the  focus  of  the  miiToscope,  mid  ihiii 
fttimatui*^  the  fractional  parts  of  these  aubdivisioua,  the  exact  diitanee  ^ 

*  Mayerl*  Tkblaii  p.  cxi.  +  Lalande,  Axtrommutt  «rL  2331 

$  JtttH  RAmadon  wat  bom  it  Sulterhebblc,  near  Halifax,  YorkKKire,  in  tlw  wv  ITSl 
Hinns  obtained  n  lound  ekrovnlnry  ^(Lir^tinn,  mctudiiif;  ^nnw  knowtMige  or  MMHirf 
■ad  a&ebni,  he  wu  tubtequsnttj^  tii^pn^iiticed  lo  a  cluih^^orkLT  m  Htiihx*  laTlJii  M 
prQioeMcd  to  London,  mhero  h«  found  umpioytnent  ■»  a  elcrk  in  a  WBrrbatt*e»  butkaiii| 
a  ttmng  inclination  lowardi  Klcntific  punuit«,  he  bound  liimH*lf  ai  an  appnmtieo  fatt0 
yetn  lo  a  mathematical  instrumctit  maker.  Soon  afirr  hr  romplrtcri  hit  r>Tiga{;«Ma^  h* 
(uirnmeitccd  btuincn  on  hia  own  account,  and  cvcntuallj^-  altaineid  ui^'  Mbaee  * 

an  artiit,     S«venl  of  the  fintit  Mtronomical  injtrunient?  ub^  in  ih'  nfVMari^ 

nf  Eitropc  lowardt  the  cliMv  tif  (he  cigh,le«ctl]i  centary  were  the  producuixi*  <ii  ittiiMaHto 
and  f^kill.  Hu  alia  conntructcd  a  grvat  nuntiii-r  »)  at^hromatk  tclcieopM^  tod  OUrjIr 
ioaophlcal  ja>(rumenta.  lie  waa  a  Fellow  u(  ibu  Rojal  Sodetv.  aod  alia  dm  it^ 
Foraippi  Memben  of  the  IiDpcrjat  A<;iid(rmy  of  Si.  rttanburg.  n9  died  oa  tlxA^ 
November,  1800, 
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#  naaroat  point  of  divtf^ion  was  osoertained  bj  means  of 
imertiiiieter  &crew.  This  mode  of  reading  oflf  angles  v&a  first  proposed 
by  the  Due  de  Cbaulnes,  io  a  small  work  which  he  published  at  Paris  in 
the  year  I76H.  Ranisdea  did  not,  fail  to  see  the  advantages  of  it,  and 
ifdinglj  he  applied  it  to  tbe  altitude  and  azimtitli  circle  which  he  coa- 
cted  for  Pinzzi. 
Towards  the  close  of  his  career  at  Greenwich,  Maskeljrte  began  to 
pecL,  from  certain  irregularities  in  the  decltnfttions  df  the  stars,  as 
determined  with  Bird's  mural  quadrant,  that  the  instrument  liad  become 
defective  from  long  use.  This  fact  having  been  estaVtli^hed  bejond  doubt 
by  ©tidence  derived  from  other  sources,  he  represented  to  the  GoTem- 
metit  the  expediency  of  replacing  it  by  a  circular  inetrument.  Thia 
request  vras  nceeded  to,  and  a  mural  circle  of  six  feet  in  diameter  yfoa 
constructed  for  the  Royal  Observatory  by  Troughton*,  but  it  was  not 
•etoally  finbhed  when  Maskeljne  died. 

John  pond,  the  aucce&aor  of  Maskelyne  at  the  Royal  Observatory  of 
reenmch,  was  bom  in  Loudon  in  the  year  ITB7,  At  the  age  of  sixteen 
he  was  placed  at  Trinity  College,  Cambridge.  While  engaged  in  prose- 
coting  bis  studies  there,  he  displayed  an  interesting  proof  of  hi^  inclina- 
tion towards  those  pursuits  which  subsequently  formed  the  occupation  of 
bia  life,  by  uniting  with  two  of  bis  felloiv-studeuts  in  eoliciting  Prof  Viuce 
to  gi^-e  a  course  of  lectures  on  practicid  astronomy.  After  leaving  Cam- 
bridge, he  proceeded  to  the  Continent,  where  he  continued  to  travel  for 
e  time.  Upon  his  return  to  England  he  established  his  residence  at 
esibary,  in  Somersetshire,  and  devoted  his  whole  attention  to  practical 
Mtronomy.  Having  procured  an  altitude  and  azimuth  circle  of  tbreo  feet 
diameter,  constructed  by  Troughton,  ho  commenced  a  series  of  observs- 
tioiw  with  it,  and  eo  successfully  did  he  prosecute  his  labours,  that  in  1806 
he  waa  enabled  to  demonstrate  by  irrefi'agable  evidence  founded  upon  the 
results,  that  the  braas  quadrant  of  Greenwich  had  undergone  a  change  of 
form  since  ita  erection  in  Bradley's  timef.  His  earliest  observation  at 
Greenwich  is  dated  the  1 1th  of  January,  1811.  In  the  month  of  June  of 
the  eanne  year  the  mural  circle  which  Troughton  had  been  charged  to 
construct  for  the  Observatory  was  ready  for  use.  This  magnificent  instru- 
ment demanded  a  method  of  obaervatiou  totally  different  from  that 
hitherto  pureued  with  the  quadrants.  In  his  mod©  of  using  it  Pond 
cwed  that  be  possessed  talents  adequate  to  the  occasion.  The  observa- 
na  of  a  celestial  object  were  now  made,  not  by  determining  the  distance 
the  zenith  agreeably  to  the  practice  hitherto  pursued  with  the  quad- 
nla,  but  by  referring  the  object  to  the  pole  as  the  zero  of  measurement, 

Edvard  Troughton  was  bom  in  1753  in  the  parifh  of  Comey  in  CumbcrliUidahira. 
irai  brought  up  to  fBrming  pursuit*  till  be  was  teveniran  years  of  age,  but  he  then 
si  to  Londao,  and  acqtifrL^d  instruction  as  an  artist  under  hi*  hrother  John,  \a 
792,  the  two  brathvni  comrncnCKd  business  on  their  own  account,  and  by  (heir  irtduitrj 
■kilt  loOD  Kltafned  a  prn«perous  condition.  Upon  the  death  of  hii  brother,  Edwartl 
nbnuefi  lo  proucutB  the  butinessuf  Bn  arltat  for  many  ye&rt,  and  iiltiinately  acquired  a 
luropean  reputation  by  his  excellence  at  a  construetor  of  astrDtiomical  imtrumenls.  tn 
"30,  be  received  on  honorary  gold  medal  from  the  King  of  Denmark.  He  died  on  the 
*  Jiioe^  1835,  A  marble  bu»t  of  this  distinpuished  artist  ado  ma  the  Otecnralory 
wich.  He  was  the  last  of  a  *uccfejsiun  of  Etigliih  artl«t«,  each  of  wboni  wa* 
V  riirnl  in  his  day.  It  U  somewhat  singular  that  Sharp,  Graham,  Bird,  RantadAn, 
Troughton  ihould  have  succeeded  each  other  at  almc«(  e^u«l  fnlervats ;  and  itilt 
■0,  ant  they  thould  all  have  been  bom  in  a  imct  of  couniry  comprehended  wiUiiit 
liTnitfl  of  three  uljacent  counties  of  the  north  of  England. 
t  Phil.  Traa*.,  1806,  p-  420,  cl  eeq. 
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the  position  of  tha  latter  being  ascertained  by  observations  of  cirnnrn 
stars.  The  instrument,  according  tc  this  pmctice,  served  to  determine 
polar  distance  of  nn  object,  and  therefore  the  resuUs  were  totally  iadf 
pendent  of  tbe  place  of  observation.  The  error  of  the  instrument  was 
aacertained  by  comparing  tbe  observed  places  of  certain  standard  8t*» 
with  tlieir  places  as  deduced  from  a  fundamental  catalogue.  The  did'er* 
ence  between  each  observed  and  calculated  result  gave  a  correspoDdin;; 
value  of  the  error  of  the  instrument  for  the  day  of  observation,  and  tb« 
mean  of  all  such  diflerences  gave  the  mean  error  of  the  inslrumcnt.  or, 
BE  Pond  termed  it,  the  intt^x  error.  This  quantity,  bt'iiig  djeu  applie^d 
jlU  the  observations,  gave  the  pnljir  distances  of  the  various  oUjeeis. 
from  the  effects  of  instnimetital  error.  In  the  case  of  the  staudard 
the  application  of  the  index  error  supplied  the  means  of  obtaining  a  i 
rection  of  their  plaeeR  as  assigned  by  the  catalogue,  and  it  is  manifest. I 
by  frequently  repeating  the  same  process  the  catalogue  would  be  rendrred 
more  and  more  perfect*.  This  method  of  obserk-ntion  obviated  the  ueoes- 
BJty  of  employing  the  plumb-line,  tbe  use  of  which  was  not,  indeed,  con- 
sidered by  Troughton  in  big  original  design  of  the  instrument :  whi!c  at 
the  same  time  it  dispensed  with  an  exact  knowledge  of  the  latitude  of  tht 
Obaervfttory  t- 

In  1816  the  Eoyal  Observatory  was  enriched  by  the  aco^fsioti  of  a  new 
transit  instrument  ten  ftet  long,  conatniclod  by  Troughton.  -Hcniv- 
forward  the  Greenwicli  determinations,  both  iu  polar  distance  and  right 
aacension,  acquired  a  degree  of  precision  which  has  bardly  been  snrpuBcd 
by  the  most  accurate  observations  of  the  present  day. 

In  the  course  of  his  famous  controversy  with  Brinltley  on  the  panllti 
of  the  fixed  stars,  Fond  was  led  to  employ  occasionally  a  new  nieClMdol 
observation  which  he  subsequently  practised  with  great  succoas.  It  isimeih 
tially  founded  upon  the  priaciple  of  optica  that  when  a  ray  of  light  iBir- 
flected  from  any  surface,  the  angles  of  incidence  and  reflexion  are  «qt>Al  to 
each  other.  In  virtue  of  this  principle,  it  is  cle»r  that  when  a  celestial  olh 
ject  is  observed  with  the  mural  circle  by  direct  vision,  and  also  bjrr^etNat 
from  the  surface  of  a  fluid,  the  half  of  the  nngle  contained  between  ibe 
two  readings  of  the  circle  will  assign  the  altitude  of  the  objeel,  and  Uw 
reading  which  corresponds  to  tbe  point  of  bisection  will  indicate  tibi 
Jiorhontftl  point.  Hence,  Icnomng  tbe  latitude  of  the  plnce  of  oU9«fTt> 
tion,  the  pohir  distance  of  tbe  object  may  at  once  be  doicrmined,  Pood 
lirsi  applied  this  principle  by  observing  the  object  at  one  of  ita  tnnsiia 
by  direct  vision,  and  then  at  the  next  transit  by  rcfleximi  from  the  ■B^ 
face  of  a  trough  of  mercury.  This  method  was  attended,  however.  »ili 
inconvenience,  inasmuch  as,  in  consequence  of  unfavourable  wetllier, 
Severn!  days  might  intervene  before  a  complete  o1>5crvation  could  U 
obtained.  Moreover  the  result  was  liable  to  some  degree  of  uncerlajn'ty 
arising  from  the  different  etTecls  of  refj^ction  at  iho  beginning  and  eiw 
of  the  interval,  atid  from  causes  tending  to  produce  a  flight  d^faogv* 
tuent  in  the  at^justroent  of  tbe  different  parts  of  the  instrument  Im- 
pressed with  a  sense  of  these  defecta,  Pond  contrived  a  tnetbod  of  obserr 

*  Tire  proccsi  Umt  indlcvlnj  would  not  fmc  the  polar  dhtiDcnof  Uw  catelofiwflf  ■ 
CO  mine  n  error,  but  Pond  shewed  how  ilti*  object  might  be  tflbeted  by  ntwarirfiii  of 
drcumpotarBtHn.— (PAiY.  Traiu,,  iSlg.  p.  410;) 

f  A  knowtedge  of  the  ktUude  wfti  ntnx*(tiry  for  Inmrorialttg  tluf  \  nltr  ilbtaoce*  i**" 
■Ititudet,  with  a  »iew  to  compule  the  nifeHs  of  pantlkx  and  r«'ikeliur»,  but  it  k  nuilbi 
that,  Ibr  luofa  i  purpcwe,  extreme  precision  wm  not  Fvijuired. 
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tt  celeeliaJ  object  tit  otie  transit  both  by  direct  and  iisflected  vision, 
_  Lded  npou  a  combination  of  simultjiiieous  observalions  made  with  two 

mnml  circles'.  A  murtJ  circle  by  Jonea,  that  had  been  destined  for  tlie 
C»pe  of  Good  Hope,  was  employed,  along  with  Troughtou  s  circle,  in  test' 
ing  the  practicability  of  this  method.  Ihe  experiment  having  been  at- 
tended with  tfcmnilete  success.  Pond  solicited  from  the  Government  tha 
p«mianent  use  of  the  second  circle,  and  bis  request  being  complied  with, 
he  now  introduced  the  method  into  general  practice. 

Pond  rommenced  bja  reguhir  observations  by  direct  and  reflected  vision 
iti  the  month  of  September,  1825.  This  method  of  determining  the 
Kmih  point  continues  atill  to  be  practised  at  Greenwich,  except  in  so  far 
«  relates  to  the  use  of  two  circles,  the  present  Astronomer  Royal  having 
demed  a  mode  of  ©ffectiog  the  same  object  by  means  of  only  one  circle. 

Pond  did  not  fail  to  make  regular  observations  of  llie  sun,  moon,  and  prin- 
cipal stars,  but  ho  devoted  less  attention  to  the  planets  lh«n  the  iniportjinco 
<:>{  improving  their  respcctiva  theories  demfindt^d.  Jn  sidereal  astronomy 
generally,  his  contribution  to  the  existing  stock  of  knowledge  was  much 
tnore  extensive  th;m  ikit  of  bis  predecct^sor.  His  peculinr  mellioda  for 
eliminating  the  efl'ecls  of  instrumental  error,  were  founded  upon  n  skilful 
eombination  of  masses  of  observations,  and  be  wits  led  in  consequence  to 
determine  the  places  of  a  cunBiderable  number  of  stars.  In  1B33  he 
published  n  cattiloguo  of  1  US  etars,  which  proved  a  valuable  acquisition  to 
the  practical  a«ilronoraer.  It  is  generally  adniitted  to  he  one  of  the  most 
»<N:urate  productions  of  the  kind  that  has  ever  been  given  to  the  world. 

In  tlie  anturau  of  1835,  Pond  was  compelled  by  ill  health  to  resign  hifl 
ippoJntment.  The  Government  manifested  a  just  appreciation  of  his 
Dierits,  by  heNtouiiig  upon  him  a  retiring  pension,  but  h©  \Ka»  not  destined 
long  to  enjoy  the  fruits  of  their  liberality.  He  died  on  the  7th  of  Sep- 
tember, 183(i,  tiitJ  was  bmied  at  Lee  in  Kent,  in  the  same  tomb  with 
Halley. 

George  Biddel  Airy,  Esq.,  the  present  Astronomer  Royal,  commenced 
his  Uboui's  at  Greenwich  as  the  successor  of  Pond,  on  the  Snd  of  October, 
183.').  He  bad  already  earned  a  distinguished  reputalitm  hy  his  rc- 
fejirchea  on  physical  nstfonomj,  and  by  bis  directorship  of  the  Observatory 
*>r  Cambridge,  to  wbicb  be  was  appointed  hi  the  year  1828,  Duriug 
the  pc'riod  of  hiit  conntixion  with  the  latter  establishment,  he  intro- 
dooed  a  practice  winch  did  not  f»il  to  exercise  an  important  influence  on 
the  future  clmmctfer  of  the  labour  performod  at  public  observatories  in 
Ibis  country.  It  had  been  biliierto  usual  for  the  directors  of  such  estab- 
lishments, to  coniiiie  their  attention  excUisively  to  observations  of  the 
celestial  bodies,  h*:iving  to  otbci"s  the  task  of  their  reduction.  Fhim- 
Kteed,  indeed,  deserves  to  be  cited  as  an  honourable  exception  to  this  re~ 
taark;  and  willi  respect  to  hts  eucces.^ors,  the  circumstance  of  their 
having  omitted  to  reduce  thoir  obsen-ationfi,  must  bo  attributed  to  the 
Manliness  of  the  resources  which  the  Government  placed  at  their  disposal, 
father  (ban  to  any  iuattention  or  apatlty  on  their  own  part.  There  can 
be  no  doubt,  however,  (bat  the  restriction  of  their  labours  to  mere  ohser- 
ration,  tended  seriously  to  frustrate  the  very  object  for  which  public  ob- 
tetrvatories  have  been  establihihed,  namely,  the  attninraent  of  a  more 
acenrate  knowledge  of  the  movements  of  the  celestial  bodies  ;  for  few  in- 
dividmils  could  muster  sufficient  ccjuruge  to  undertake  the  investigation  of 

•  Ppr  a  Rescript  ion  of  this  method  by  pgnd,  ice  Mem,  vlil.  S^c,  vol.  ii.,  p.  499,  c4  seq. 
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any  suliject  relating  to  Bstronomical  science,  wUeCt  as  a  preliminary 
tion,  it  was  foutiti  indispeu sable  to  execute  an  enonnotia  mass  of 
cakulatioaa.  Indeed  it  is  not  to  be  expected,  that  any  one  can  take 
an  interest  in  the  reduction  of  observations  as  the  person  who  ac 
makes  them,  and  hence  it  is  reasonable  to  presume  timt  he  of  all  ot] 
ia  best  qualitied  for  the  executJon  of  so  laborious  a  ta^k.  Under  a  s; 
impresdon  of  tbe  imperfect  state  of  all  observations  that  were  not  i 
diately  available  fur  purposes  of  research,  Mr.  Airy,  as  soon  as  ha 
appointed  director  af  the  Cambridge  Observatory,  introduced  a  Bjstein  of 
reduction  as  a  normal  part  of  bis  duties.  The  volume  of  results  wbieh 
btnceforward  issued  annuallj  from  that  establishment,  formed  a  p«il80t 
model  to  the  practical  aBtmnomer.  Not  only  were  the  obaervatioiu  vegii- 
larlj  reduced,  but  in  so  far  as  the  pknets  ^ere  concerned,  the  reaiilti  mn 
compared  in  every  instance  with  the  corresponding  numbers  calculateil 
from  the  most  esteemed  tables,  so  that  the  errors  of  the  latter  being  thtts 
ejihibited  in  bold  relief,  served  to  invite  rather  than  to  repel  u«  n- 
searches  of  the  theoretical  enquirer.  This  admirable  system  was  sbortl/ 
afterwarda  iutroduced  at  Greenwich, 

Another  practice  of  great  utility,  which  Mr.  Airy  adopted  during  hi> 
directorship  of  the  Cambridge  Observatory,  and  which  he  followed  op 
more  efiectually  upon  his  removal  to  Greenwich,  -was  that  of  mnkioft 
regular  obaervaliouij  of  the  planets.  This  woa  a  department  of  pncttatf 
astronomy,  v^'hicii  for  a  long  time  had  been  very  much  neglected  at  the 
Boyal  Observatory.  The  sun,  moon,  and  principal  atara  were  r«f|,ularif 
obaerved  as  they  parsed  the  meridian ;  but^  except  during  oppoaitioa*.  tii« 
places  of  the  planets  were  very  rarely  determined.  Mr.  Airy'fl  attio- 
tion  waa  strongly  directed  to  tUo  expediency  of  remedying  this  defect,  ly 
the  dilBculty  which  ho  experienced  in  procuring  suitable  observatioiu  of 
the  planets,  while  engaged  in  researches  on  physical  astrooomy.  Tb« 
planets  are  now  invflrialily  observed  at  Greenwich  on  every  pnci^bkUe 
occasion,  at  whatever  hour  tbey  pass  the  meridian. 

From  the  intimate  connexion  which  wiis  found  to  subsist  between  tlif 
lunar  theory  and  the  problem  of  tlie  longitude,  the  moon  has  formed  tn 
object  of  mireniiliing  attention  at  the  Observatoiy  of  Greenwich,  eversiw* 
ita  establishnient  in  1675.  This  conatancy  of  purpose  has  not  Ciiledltf 
produce  its  due  fruits,  for  it  is  universatly  acknowledged  iti&t.  in  to  fitf  * 
observation  ia  concerned,  the  present  advanced  siato  of  the  lunar  UwoiT 
is  almost  exclusively  attributable  to  the  labours  of  the  Greenwich  utfo* 
noraers.  It  is  therefore  an  object  involving  iii  an  espt'cial  degree  ih* 
honour  of  the  Royal  Observatory,  to  render  the  observations  of  to*  nn* 
as  accumte  and  a^  compkte  as  pos^^iible.  In  pursuance  of  this  object  }^- 
Airy  has  recently  introduced  the  uae  of  an  altitude  and  a/.imuih  inttm^ 
ment  at  Greensvich,  for  the  purf)Ose  of  making  observations  of  the  oMMiiD 
aiiy  part  of  her  eunrao  above  the  horinon.  Two  diatinct  oireui 
euggeated  the  expediency  of  deviating  in  thia  respect,  frum  tlm  plan 
eervatlon  hitherto  pursued  at  the  lloyal  Observatory.  In  the  hrnt 
it  frequently  happens,  from  the  uufavourftblo  atata  of  llio  we;i 
moon  cannot  bo  seen  M'hen  she  is  on  the  meridian.  Secoti ..., ... 
tho  heavens  should  be  perfeoLly  aerene,  it  is  found  to  he  impostil 
diicera  tlio  moon  on  Iho  nieridiini  for  several  days  before  aaa  after 
coiyunction  with  the  sun,  on  account  of  the  oveq»owering  eflulgCOM  ^ 
tho  solar  ray*.  It  happened  from  this  circnraBtance  that  thronghotit  •■ 
are  oomprebonding  as  much  au  one-third  of  her  orbit,  the  moon  Inibertc 
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btd  never  been  observed  At  aU.  The  altitude  and  aziniiith  im^traiBetit, 
deylsed  by  Mr,  Airy  for  remedying  this  defect,  was  constructed  by  ihe 
joint  exertions  of  Mes&re.  Efiasome  and  May,  engineers  of  Ipswich,  and 
Mr.  Simma  of  Loudon,  the  tnccessor  of  the  celebrated  Troughton.  Both 
the  vertical  and  a^imutbnl  circles  are  3  feet  in  diameter.  The  telescope 
Blt«cbed  to  tbe  icBtrument  is  5  feet  long,  and  is  furnished  witb  an  object' 
^«M  of  3}  incbes  aperture*.  The  obserralions  with  it  were  commenced 
Oft  tbe  i6th  of  May,  1847.  In  practice  it  haa  been  fonnd  to  work  admi- 
ably.  Mr.  Airy  considera  the  results  to  be  hardly,  if  at  all,  inferior  to 
ibo8«  obtained  by  tbe  use  of  the  mural  circle.  Tbe  utility  of  the  instru^ 
men!  in  promoting  the  object  for  which  it  was  designed,  soon  became  ap- 
parent. It  hrt$  been  found  thai  the  rooon  may  be  observed  with  it  in  tlie 
moming  and  tbe  evening,  when  she  19  only  an  hour  distant  from  tbe  eun. 
Thft  ocmsequenoe  had  been,  that  the  number  of  lunar  observations,  con- 
tBOMl  in  the  volume  that  isaues  annually  from  the  Greenwich  Observa- 
tocy  is  DOW  about  three  limes  greater  than  it  formerly  wasf,  while,  at  the 
same  time,  tbe  observations  with  the  new  instrument,  possess  thiis  peculiar 
advantage,  that  many  of  them  have  been  made  in  a  part  of  the  moona 
orbit,  where  no  observationa  at  all  had  hitherto  been  supposed  to  be  prac- 
ticable l-  It  h  manifest  that  this  circumstance  cannot  fail  to  be  attended 
with  adlTantage  in  contiibuting  towards  the  further  improvement  of  the 
Innsr  Uieory. 

The  complete  reduction  of  the  observations  of  the  moon  and  planets 
made  ftt  Oreenwich  since  the  middle  of  the  last  century*  is  a  work  with 
vluch  the  name  of  tbe  present  Astronomer  Eoyal  is  impensbably  associated. 
At  the  meeting  of  the  British  Association,  held  at  Cambridge  in  iSdd,  Mr. 
Airy  iuggeated  the  expediency  of  effecting  a  uniform  reduction  of  all  the 
obeenatious  of  the  planets  made  at  Greenwich  since  1750,  the  year  when 
finwiley  commenced  his  observations  with  the  new  instraments  con- 
■tmcted  by  Bird  I,  He  proposed,  on  that  occasion,  that  if  the  Governraent 
should  agree  to  defray  the  necessary  expense*  be  would  undertake  gratui- 
tously  to  superintend  the  whole  operation.  At  the  instance  of  the  Associa- 
lion,  the  Government  acceded  to  tbis  proposal,  and  the  work  was  forthwith 
commenced.  The  results  were  fnially  published  in  1840,  in  one  largo 
i}Qarto  volume.  The  whole  work  is  divided  into  five  sections.  In  the 
first  section  the  errors  of  tbe  clock  aro  deduced  from  tbe  observationa. 
In  tbe  second  the  errors  of  the  instrument  arc  similarly  investigated.  In 
the  third  the  geocentric  places  are  computed  from  the  observalioos.     In 

*  A  delaitcd  dHcription  of  ihij  instrument  will  be  foubd  in  tbe  volume  of  the  Gtem' 
wkh  (MittrvtUioHs  for  1847- 

f  During  the  Aist  jear  fvhich  elapsed  after  the  JnjitrucntTit  was  m  opention,  the  number 
of  tunar  obMrralknu  made  with  it  amounted  to  20>iL  Tlte  nuinber  of  aimiW  ol>ierv[L- 
tiotis  m>d0  on  tbe  meridui)  during  ibe  Htne  p«riod  was  only  i  1 1. 

X  Thu  must  be  understood  only  with  n»pect  to  tbe  »un.  The  mcxin  hod  been 
obNcred  from  the  earlicit  agct  in  every  part  of  h(;r  abaolute  orbit ;  but  as  the  perttirfaa« 
tioas  of  her  motion  depend  mainly  on  her  angular  distance  froni  tha  iun,  it  i*  obrioady 
a  matter  of  primarv  im[}Ortan(.'e  thtii  ihc  ihould  be  obwrvod  in  every  pvt  of  her  eotma 
relative  to  tlial  body. 

5  Prenous  to  ihe  cpfich  referred  to  in  (he  text,  aifronomers  were  nfit  in  the  habit  of 
recording  ibeir  oiiMnoJion*  so  fiilli'  ii*  In  ndtnit  of  their  beingf  reduced  iei  the  pnscnt  dny 
with  all  desirable  aeeunicy.  Thu»  the  indiffttjom  of  the  Larumetcr  and  thermometer  Had 
not  been  hithisno  fiOled  by  any  obterver.  not  even  excepting  Bradley.  Apart,  lhcr«ri>rt), 
StMD  aU  ctmsideratiQit  of  the  Ruperiorlty  of  the  inKtminonfa  comtructcd  by  Binl,  ttila  eir- 
cuntanoe  ilone  would  reader  it  inexpedient  to  aUempl  the  reductiatt  of  Any  anterior  ob- 
lemUioat. 


im 
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tbo  fourth  the  correspoudiag  places  are  caJculated  from  the  beat 
tables.     Ill  the  fifth  the  observed  and  tabular  places  are  compare<l' 
gether,  and  the  resiiltmg  errors  exhibited. 

When  we  consider  that  the  observations  which  form  the  subject  of 
imraeusQ  volume^  were  made  by  viLripua  individuals,  with  instroments 
different  from  eaoh  other,  and  by  methods  totally  dissimilar,  we  may 
some  conception  of  the  difficulty  of  eliminating  the  BjBtematic  ei 
which  they  were  liable,  and  assimilating  them  by  legitimate  pnncipl 
as  to  exhibit  them  iu  tbe  character  of  one  homogeneous  collection  of 
results.  The  execution  of  this  great  nndertaklng  renders  the  Greenwidi 
observations  of  the  planets  from  1760  to  18 SO  immediately  available  for 
purposes  of  theoretical  research,  leaving  in  this  respect  nothlDg  furiber  to 
be  desired. 

The  reduction  of  the  Greenwich  lunar  observatiotis  from  1750  to  ISSrt 
was  undertaken  at  the  public  expense  in  cooaequence  of  a  represeatatioa 
to  that  effect  having  been  made  to  the  Government  by  iho  British  Asflo- 
L-iatioii,  agreeably  to  a  suggestion  of  Sir  John  Lubbock's  on  the  ocoaston 
of  the  meeting  of  the  Association,  which  was  held  at  Liverpool  in  1^37. 
Tbe  organjjsation  of  the  plan  of  reduction,  as  well  as  the  saperintendtfnot 
of  it8  execution,  was  iu  Ibis  instance  also  confided  to  Mr,  Ainr.     In  con- 
sequence of  the  multitude  of  inequalities  by  which  tbe  moon  s  niotieo  it 
affected,  tbe  (indertaking  was  one  of  stupendous  magnitude.      In  ord«r  to 
form  some  idea  of  the  labour  expendea  in  its  execution,  it  may  be  men* 
tioned  that  upwards  of  8000  places  of  the  moon  were  deduced  fram  Ui« 
observations,  and  compared  with  the  corresponding  places  calculated  fr«a 
the  tables.    An  extraordinary  force  of  computers  was  employed  for  •cranl 
years  at  the  Royal  Observatory  in  these  calcdatious.     Tbo  reisalta  wan 
finally  published  in  the  year  ISlfJ,  in  two  quarto  volumes*.     Mr.  Airr, 
who  is  distinguished  no  less  as  a  tlieoretlcul  iban  as  a  practical  aatnmomfr, 
has  made  them  the  subject  of  profound  discussion,  with  a  view  to  obain 
a  more  accurate  knowledge  of  the  moon's  motion,  and  has  annonncni  tJ>« 
conclusions  at  which  he  arrived  in  a  paper  which  appeal's  in  the  s^vrtt* 
teenth  volume  of  the  *'  Memoirs  of  the  Astronomical  Society,"! 

Allusion  has  already  been  made  to  Pond  s  method  of  determining  tbo 
zenith  distance  of  a  celestial  body  at  one  tnmsit  by  a  oombtJiatioa  of 

"  Ttie  cdculaliunE  (xmncctcd  with  tbli  great  undertaking  were  supeHnlviicM  bf  Vr> 
Hugh  Bree^n,  who  had  the  melancholy  saChf  icliott  of  joit  livini^  to  «e  its  oonpWii*- 
Mr,  Airy,  who  hean  honou rattle  (csliaiany  to  hit  skiH  and  accuruy,  atatUt  4t  the  baflii* 
ninjf  of  the  firtt  volume  of  the  pubLuhcd  t¥fiuHi.  that  after  k  ihort  illncu  he  cipira  <■ 
ihc  morning  fif  April  I,  ]Bi8,  only  ii  fuw  hours  hAvin^  chiptcd  iifWr  the  lul  wpp''' 
tiiLMitary  tablci  [iad  ticeti  isciit  to  the  press. 

i"  Alluaioii  liui  drcjidj'  bc«n  made  ta  ^me  of  the  more  importwit  retults  of  ihwK* 
itarcbn  in  a  frirmer  put  of  thii  work,  An&lhcr  very  inteivsring  oonfirmktioa  of  ibv  ^ 
niGntion(?cl  by  Prof,  Hansen,  in  a  letter  to  the  Astronamer  Uoynl,  tkted  Jime  C7t  tS9^ 
(il/o.  Proc,  Ant.  Soc.,  June.  JftaO.)  Mr.  Aiiy  hnd  deduced  +  r,72)  ks  lh«  (^.iw^ 
of  Damoiicau'a  vakie  of  the  Micalar  motion  of  the  lunar  node.     Trof.   J!  if 

caiued  one  of  hii  aiaiAtanta  to  compute,  by  ihc  modem  tablu,  tbe  nint^tt^irn  ...  {«t 

recorded  by  Ptoletuj'  i»  the  .Mmagest,  found  by  a  eompariaon  of  the  roultn  whii  t!«i^ 
c.ordcct  obscrvafion*.  tbiit  the  porreciiort  of  iha  tame  elemeftt  «houLd  be  -f  COML     tl* 

tloM  agreement  of  these  two  valu«a  wiLl  appear  very  remarkable,  ^*l■ K"  r'ntoftntkt 

of  the  moon'H  motion  it  taken  into  account.     Profeaior  llajiscn  -  :i«y  bott 

Pgrt>e  u  nearly  as  could  be  desired,  with  the  corretpondin^  vahte  dv  Utm  bum 

the  iJieory  of  gravitation.  The  result  of  these  different  researchL-a  conij>Utf l/  rvfutifl 
ftalement  recentlv  imt  forth  by  Prof,  Sijtffurth  of  Lcipiic,  to  tho  vffect  lh«t  the  ancl^ 
cclipaea  indicaleu  tho  nec^ii;  of  a  contidciable  correetioa  of  the  mvtioii  of  tbe  la 
i3oa«. 
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Aft  reealfa  of  two  mnttil  circles.  D wring  Jlr,  Aiiy's  directorship  of  the 
Obderratory  of  Cambridge,  he  devised  a  mode  of  atcotDplisIiiiig  the  sftnie 
o^jject  hj  the  use  of  only  one  circla.  This  practice  was  adopted  bj  him 
at  Greenwich,  sooti  after  his  appointment  as  Astrouomer  Royal ;  and*  a3 
only  one  mural  circle  was  henceforward  necessary  for  that  establish  meat, 
the  muml  circle  by  Joues  was  dismounted  id  the  year  1839,  and  was 
sent  to  the  Cape  of  Good  Hope,  for  th«  use  of  the  Hoyal  Observatory 
^llAblifihed  in  that  colony. 

^■n  practical  aatranomy,  aa  in  every  other  department  of  human  know- 
VBge,  circucostauces  are  wmstantly  arisiug  which  create  the  necessity 
for  further  improvement.  The  meridional  instniraonts  constructed  by 
TjT>ughtoQ,  for  the  Royal  Observatory  of  Greenwich,  were  unrivalled 
^cimens  of  artistic  excellence,  and  in  the  hands  of  Pond  and  his  suc- 
cessor,, served  amply  to  uphold  the  reputation  of  that  establishment.  In 
recent  timea,  however,  it  has  been  found  that  th<?y  are  no  longer  adequate 
to  the  exigencies  of  the  present  atato  of  astronomical  science.  The 
difficulty  which  has  been  experienced  in  obsening  on  the  meridian  the 
6t3aU  planets  that  have  been  recently  discovered,  and  also  occasionnllj 
&int  stars,  whose  positions  it  is  necessary  to  determine  in  connexion  with 
extis<-iaeridional  observations,  has  suggested  the  expedieuoy  of  replacing 
the  tele&cope  of  the  mural  ciri^le  by  one  of  larger  at>erture*.  The  tourftl 
drc!^.  however,  not  being  adapted  for  cai-rjing  a  large  telescope,  it  he- 
Quxie  necessary  to  devise  a  different  mode  of  construction ;  and  6a  the 
ibrm  of  the  transit  seemed  to  be  most  suitable  for  this  purpose,  it  was 
proposed  that  an  instrument  should  be  constructed,  which  should  combine 
ibe  fonciionsof  both  the  mural  circle  and  the  transit.  The  advantage  of  an 
iostruuient  capable  of  assigning  ttith  due  precision  the  two  elements  of  the 
position  of  a  celestial  body,  must  be  obvious  to  every  reader.  The  transit 
rarcl**  devised  by  Mr.  Airy,  with  a  view  to  the  accomplish  me  nt  of  this  ob- 
ject, was  constructed  by  Messrs,  Bansome  and  May,  of  Ipswich,  and  Mr 
Simms,  of  London,  The  circle  is  6  feet  in  diameter.  The  telescope  has 
m,  aperture  of  8  inches,  and  a  focal  length  of  H  ^  feet.  The  adjustment  in 
axiiDUth  and  collimation  is  eifected  by  coetins  of  two  colli  mating  telescopes, 
pl&c#d  one  to  the  north  and  the  other  to  the  south  of  the  iustrumenlt, 

*  The  telescope  of  Troughlon's  mund  drele  bad  an  aperture  of  4  i[ic1iei»  and  a  mag- 
dfjing  power  of  )  50. 

f  it  bu  beeo  tlre&dy  mentioned  (mxp,  464)  Hmt  Roemcr  detcnsinetj  ihc  errar  of 
cotliinstioB  of  hh  tmniit  cirde  by  meww  of  two  distinct  marL»  diametriuiUj  opposite  to 
each  olber.  In  fixing  two  object!  at  the  exact  distance  of  180'°'  apart,  he  employed  a 
fetcKope  o(  a  peculiar  construct) or,  termed  Ibe  a^phiopira.  or  reciprocal  tube,  which 
be  contrived  ibr  liiat  cxpr^^  purpose  {Basis  AttrfmoTnia,  p.  97).  It  b  necessary,  when 
I  fixed  object  it  cmplajed  directly  as  a  mcridisn  nssrk,  that  it  be  situate  at  a  coniidcrable 
^stance  from  the  telescope,  »a  that  the  raja  of  li^^it  from  it  may  enter  the  object  glma 
in  tmubly  par&llie!  dineclions,  otherwige  they  nil!  tiot  cnnvcr^  at  the  focus.  The  in^cr- 
rentioo  of  a  leai^  hovever,  serrei  to  render  a  near  piark  ecjually  suitable  for  thi?  purpowj 
{er  tittee  pvallel  nnyi  of  light  fidling  upon  the  lens  converge  at  ilB  facaa,  lo  on  the  olbcr 
hmd,  if  an  object  be  placed  at  the  focui  of  the  lens,  the  rays  of  light  diverging  from  it 
wiU  b«  refracted  by  the  leni,  and,  emeigiog  in  parallel  directiona,  iviil  produce  the  mtae 
tSeat  a*  if  theji  cui)«  from  an  objeet  at  an  infinite  distance?.  Hence,  if  an  object  be 
liewed  mth  a  common  a5tronatnieal  telescope,  through  a  lens  adjustPil  to  it  In  ihi^  man- 
cer,  it  will  {ipp4.'ar  quit«  distinct  in  the  focu&  of  the  teksicope,  at  whatever  distance  it  be 
lituBte  from  the  ob<«rver.  This  mode  of  ohtainitig  the  advantage  of  a  distant  mark,  was 
originaUy  deviied  in  178a,  by  Dr.  Rittenhouse,  ui  American  philaaopher  {Trent.  Amer, 
PluL  Sue.,  vol,  ii.,  p.  181).  The  colIimatiDg;  telocope  is  an  application  of  the  vuo« 
priQ^plc.  It  conaitlJ  of  a  imatl  telescope,  bavine  its  object  gloaa  turned  towaidl  the 
objfct  gbut  of  Ihe  telescope  to  be  adjusted.     In  this  case  it  is  clear  that  the  cross  wires 
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The  observations  »xe  made  by  direct  and  reflected  Tision,  ia  the  same 
way  as  formerly  practised  with  the  mural  circle.  The  instmment  has 
been  in  constant  use  since  the  commencement  of  the  year  1851*. 

Although  meridional  determinations  form  the  principal  olgect  of  atten- 
tion at  Greenwich,  observations  of  a  miscellaneous  nature  are  not  altoge- 
ther neglected.  In  one  of  the  domes  of  the  more  andent  part  of  the 
building,  there  is  fitted  up  an  equatorial  of  6  feet  in  diameter,  \rhidi 
was  originally  constructed  by  Homsden  for  Sir  George  Shockboigfa, 
and  which  in  the  year  1811,  was  presented  to  the  Boyal  Obsem- 
tory  by  the  Hon.  Mr.  Jenkinson.  This  instrument  is  occasionally  used 
in  observing  comets.  It  has  recently  been  employed  in  determining  the 
distances  between  Mars  and  the  neighbouring  stars,  in  connexion  vitb 
the  corresponding  observations  of  the  American  expedition  to  Chilif' 
In  the  south-eastern  dome  of  the  modem  part  of  the  observatoiy,  a 
powerful  telescope,  mounted  equatorial  ly,  has  been  in  constant  use  sisee 
the  year  1838.  The  object  glass,  which  is  by  Cauchoix,  of  Paris,  is  the 
munificent  gift  to  the  observatory  of  the  Rev.  R.  Sheepshanks.  It  h« 
an  aperture  of  0.7  inches,  and  a  focal  length  of  8  feet  S  inches.  Thii 
telescope  is  fitted  with  a  double-image  micrometer,  contrived  by  He. 
Airy.  It  has  been  employed  in  measuring  the  diameters  of  the  plaoeti, 
and  in  determining  the  distances  and  angles  of  position  of  double  stan. 
An  interesting  result  obtained  by  the  use  of  this  telescope,  is  the  leeeot 
determination  of  the  true  figure  of  the  planet  Saturn,  by  the  Rev.  Mt 
Main,  the  chief  assistant  at  die  Royal  Observatory, 

Besides  the  equatorials  above  referred  to,  there  are  also  detached  tele- 
scopes for  the  observation  of  eclipses,  oocultations,  and  other  pbenoioflu 
of  a  similar  kind.  Among  the  instruments  of  this  description  is  a  reflect- 
ing telescope  of  10  feet,  constructed  by  Sir  William  HexBchel. 

In  Pond's  time  an  instrument  termed  the  zenith  tube  was  constmetei 
by  Trougbton  for  the  observatory,  the  object  of  which  was  to  detennine 
small  distances  from  the  zenith.  It  consisted  of  a  telescope  25  feet  kng, 
ac^usted  to  tlie  zenith  by  the  aid  of  a  plumb-line.  The  small  variatiotf 
in  the  zenith  distance  of  a  star  were  ascertained  by  measuring  with  in 
internal  micrometer,  the  deviations  of  the  star  from  the  optiol  vat  of 
the  telescope.  In  practice  the  use  of  this  instrument  was  limited  to 
observations  of  y  Draconis,  which  passes  within  about  2'  of  the  zenith  d 
Greenwich. 

The  zenith  tube  was  first  erected  in  1 833,  and  strong  hopes  were  ente^ 
tained  that  observations  with  it  would  lead  to  a  more  accurate  detenuair 
tion  of  the  constant  of  aberration,  and  might  also  serve  to  throw  h^ 
upon  several  other  interesting  points  of  astronomy.    These  hopes,  hov- 

in  the  focus  of  the  former  telescope  will  form  a  distinct  iinme  at  tb«  feem  of  the  bitoft 
Hence,  if  the  collimating  telescope  have  a  fixed  position  in  the  meridian,  the  tnaiit  iMf 
be  adjusted  to  it  by  bringing  its  croes  wires  to  coincide  with  the  croas  wires  of  the  ooe 
limator.  The  principle  of  the  collimating  telescope  has  been  applied  to  various  satniM- 
mical  purposes  in  moNdem  times  bj  Gauss,  Besael,  Kater,  and  c^era.  We  have  alnd|f 
had  occasion  to  mention  a  singular  mode  of  using  it,  by  Dr.  Robinson,  ia  kis  lesasifiM* 
on  Irradiation  (see  p.  353). 

*  One  of  the  peculiarities  of  this  instrument,  consists  in  its  being  made  of  aa  finr  aef^ 
rate  pieces  as  possible,  so  as  to  obviate  the  effects  of  unequal  espansioD,  and  lo  sseo* 
more  eflectually  the  adjustment  of  the  different  parts.  For  diis  purpose  the  mttmi^t 
construction  used  is  cast  iron,  the  {Hvots  of  the  axis  being  hardened  by  the  proesas  tiH^ 
engineers  term  chilHng. 

t  See  at  p.  212  a  brief  allusion  to  the  object  of  this  expeditioii. 


unrfDRi  OF  PHTSICAX  ASTKcrsDirr. 


499 


erer.  have  not  baeo  realised.  Notwithstanding  a  grs&t  amount  of  attention 
ind  skin  bestowed  apon  it  for  many  jears,  the  results  have  not  been 
fiivnd  to  exO'C-ed  in  aocuraej  ibo^^  obtained  by  the  aid  of  the  uiaral  circle. 
Tb/i  Afltronomer  lioyal,  in  consequence,  has  recently  contrived  a  new  infitm- 
■Mffit,  termed  the  reUex  zenith  telescope,  wiiich  apiK^rs  to  be  adapted  for 
I^Ning  results  of  great  aecumey.  The  adjustment  of  this  ingeniona  instru- 
nent,  with  riespect  to  the  zunith,  is  effected  not  by  means  of  the  ptumb* 
fine,  vhich  Mt.  Airy  considers  to  have  been  the  main  cause  of  the  failure 
«f  ^M  former  instrument,  but  by  rellexion  from  a  siirfaee  of  roercuiy. 
Thia  instrameat  is  now  being  constructed,  and  will  toon  be  rmdj  for  I3se. 

The  volame  which  issues  annually  from  the  Green^cb  Obaerratoiy, 
etltibits  an  intereeling  picture  of  the  activity  which  reigna  in  ibat  esta 
blisliment.  The  sun,  moon,  and  planets,  and  the  stars  of  the  Nautical 
Mnanitc,  are  obser?ed  as  they  pass  the  meridian  on  every  practicable 
oeeaaoo.  A  considerable  number  of  other  huhs  is  also  observed  on  the 
BMwiiiifcw  for  particular  purposes.  Then  there  are  the  extrn'meridion^ 
ttetnrations  with  the  equatorials,  comprehending  occasional  observations 
tf  comets,  deterrainationa  of  the  diameters  of  the  planets,  and  micro- 
aeirical  mea^uremenU  of  double  stars :  besides  observations  from  time 
to  tisie  of  eclipses,  occultationss  and  other  such  phenomena,  with  detached 
UstaMopes,  The  observations  of  the  plunetn  for  the  year  are  alt  reduced, 
nd  ft  comparison  is  instituted  between  the  results  thus  obtained,  and  the 
ODfrcsponding  resultH  calculated  from  tlie  most  esteemed  tables  of  the 
NVOIaI  bodies^  Not  only  ate  the  errors  in  the  geocentric  longitude  and 
e^ptic  polar  distance  of  each  planet  tlms  regularly  tabulated,  but  the 
cqmtloDs  between  the  errors  in  geocentric  loniifitude  and  the  heliocentric 
«rKt»r»  of  the  earth  and  planet  are  also  regularly  formed.  The  obserra- 
lionA,  in  bet,  are  so  eihtbiied  aa  to  be  immediately  available  for  correcting 
&0  eletnents  of  the  planets,  or  otherwise  perfecting  the  theory  of  their 
movemeota*.  The  stars  observed  during  each  year  are  also  reduced  to 
tbeir  mean  places,  forming  the  materials  for  occasional  cAtalogue^^,  which 
|K9V0  of  ineatimable  value,  both  as  a  guide  to  the  practical  astroaomer 
and  MB  a  groundwork  of  research  to  the  theonst.  The  same  system  of 
«oiiiial0t«  redaction  ii  applied  to  all  the  other  observations.  In  the  caae 
of  ihs  occultations  of  stars  by  the  moon,  the  results  in  every  instance 
■re  employed  in  forming  an  equation  for  the  rectification  of  the  lunar 
tlieofj.  So  with  refq^ect  to  the  occultations  and  tranaita  of  Jnpiter's 
telHtw,  the  times  of  actual  occurrence  are  compared  with  the  times 
IndieKted  by  the  Nautical  Almanac,  and  the  errors  of  the  ephemeris, 
BUfaetr  of  the  tables  of  the  satellites,  thereby  clearly  exhibited  to 
eye. 

It  wiU  b^  ohvioua  to  any  person  who  bestows  even  a  passing  glance 
apoB  the  annual  volume  of  the  Greenwich  Observatiomt  thJat  the  office  of 

*  The  error  in  iho  geocentric  longitude  of  a  planet  unftj  u\te  fram  cither  of  tht;  fal- 
lowing; cvitses  : — Ist,  nn  error  to  the  eartli'a  Longitude  ;  2nd,  an  error  in  the  radiiis  lector 
of  the  enth>  orbit ;  3rd,  an  error  in  the  bcliucciHric  laii^ilude  of  the  pfonct ;  4th,  an  error 
tn  (he  r*diiu  veclflr  of  the  pTsnct's  orbit  Hence  an  equattDn  ii  fonaed  between  each 
tner  of  g^ooeotiic  k>n(ntud«  nnd  (b«  four  errors  above  menfmn^  ivpreflentedl  dgetmi^ 
oQy  m  mikaowD  quaatitiea.  In  (he  annual  volume  or  the  Gremwkk  Oheervatioiu,  the 
mmerioti  valua  of  the  coe  Sieve  Rt«  of  the  difTereni  terrnB  iu  each  equal  ion  tre  regutuly 
caJctilateil»  but  thit  b  the  farthest  step  thai  is  practicable,  The  discussian  uf  the  eoua- 
liofa  cm  otAj  be  nodertakpn,  with  any  hopes  of  succcfs,  when  thej  have  aeeumuUtcd  in 
Uxfgi  numben,  and  whefl  the  obfenatkiiis  lo  wtttcti  they  relate  lure  extended  over  a 
ooaiidemtite  period  of  time. 
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ABlronomer  Royal  is  no  sinecure.     One  forms,  however,  a  rery  ii 
idea  of  the  heavy  responsibihty  attached  to  the  directorship  of  a 
ohBervatory,  troxsx  a  mere  inspeclioTi  of  tho  curreut  labours  of  the  esLahlisb- 
ffient.     The  rapid  progress  of  astronomy  in  modem  times,  ia  constantly 
BUggestiag  the  oocessity  of  modifying  in  some  degree  the  instraments 
and  methods  of  observation  in  actual  use,  and  it  is  thereiore  desinble 
that  the  individual  appointed  to  such  an  office  should  poasees  a  natnnd 
aptitude  for  enoountering  every  freth  difficulty  tJiat  may  oecoa-  in  Ukt 
practice   of  observation,  ^biie  at  tbe  same  time  he  should  maiatetn  % 
vigilant   eye   over  the   labours   of  his   con  tern  pomries.  bo  ss   to   vraB 
himself  of  every  really  useful  improiement  that  their  researches  m>r 
elicit.      It    Is  hardly  nGce3!^a^t''   to  remark   that  sound  judgment  tad 
Btrong  natural  sagacity,    combined  with  a  profound   knowledge  of   t^ 
Tarioua  branches  of  phyisical  science  bearing  upon  pmctical  astrouoinj,  tt 
well  as  indefatigable  energy,  are  indispensable  t^a  tbf  due  discharge  of 
euch  duties.     It  is   universally  admitted   that  the   preseut  AstroaoiMr 
Royal  has  proved  himself  to  be  eminently  qualtlicd  for  his  arduous  office; 
aiid  that  he  has  upheld  in  the  most  satisfactory  manner  the  ancient  rcpa- 
tation  of  ihii  Observatory  of  Greenwich.    Moreover,  while  he  has  beeo 
actively  engaged  in  the  promotion  of  objects  more  immediately  rolatiog  to 
practical  a;:^tronomy,  he  has  not  failed  to  contribute  to  the  ndvancAtiteflt 
of  astronomical  science  in  general,  by  researches  of  a  purely  theontiail 
character.     It  ought  to  be  remarked,  also,  that  in  virtue  of  his  office  fcaa 
frequently  called  lupoc  by  the  Government  to  take  an  aclire  pari  in  iriai- 
tific  operations,  which  have  only  a  remote  conneicion  with  astronomj,  boi 
which  necessarily  demand  much  careful  attention.     Tn  all  thew  tetaH 
as  Tvell  as  in  the  multifarioug  details  connected  with  the  ordiitarf  diselwg* 
of  his  duties,  Mr.  Airy  has  uniformly  displayed  the  &ame  consummu 
ability,  tbe  same  untiring  ener^,  and  the  same  devotedjieas  to  tbe  isv^ 
commilled  to  his  charge. 

A  retrospective  view  of  the  hbtoiy  of  the  Royal  Obserrstorr  of  Grwo* 
wich  is  calculated  to  excite  feelings  of  agreeable  satisfactitun  vtiiii  respert 
to  the  mode  in  which  that  noble  institution  has  fulfilled  the  end  forirniA 
it  was  originally  designed.  From  the  circumstance  of  the  obMfWtico* 
extending  with  uninterrupted  regularity  over  a  long  period  of  time,  vsi 
from  tbeir  undisputed  excellence,  they  bave  formed  almost  the  e^doittt 
materials  by  means  of  which  astronomers  in  modem  times  hare  BijccMdeJiB 
bringing  the  tables  of  the  sun,  moon,  and  planets  to  their  present  highit>M 
of  perfection.  The  lunar  theory,  which  so  intimately  concerns  theitttsuM^ 
of  navigation,  has  been  especially  indebted  for  its  successive  impfW* 
ments  to  the  observations  made  at  Greenwich.  It  is  also  mainly  fcj* 
discussion  of  Greenwich  observations  that  the  constants  of  proowsi*. 
and  the  other  urano graphical  corrections,  have  been  establtfihfHf  vrithiaefc 
precision  in  tbe  present  day,  Delambre  has  justly  remarked,  that  U  ^ 
some  great  revolution  the  sciences  had  perished,  while  this  colleotkni" 
observations  alone,  with  some  methods  of  calculation,  had  surrivtd  tbi 
general  wreck,  there  would  still  remmn  sufficient  materials  lior  roetA* 
alructing  the  whole  edifice  of  astronomical  science  *.  la  the  pnasnl  A>ft 
when  the  attention  of  astronomers  is  being  directed  to  questtoua  of  patt*^ 
delicacy  tlian  any  which  hdd  hitherto  formed  the  subject  of  rMOtith.  ^ 
ntateri&ls  nnnually  accumulated  at  Greenwich  have  aci^uiiTd  now  cliifl* 

*  HiMoire  dc  t' Astraoooiip  «u  Dix!iuitiein«  Si«e)e,  p.  627. 


to  tlie  cwDflideration  of  the  theorist.  It  is  thua  that  the  recent  det«rmi- 
DAtiona  of  the  places  of  the  stars  at  that  observatory,  have  served  to 
confirm  beyoud  all  doubt  the  interesting  conclusioa  arrii/'ed  at  by  varioua 
tttronomers  in  modem  times  relative  to  the  motion  of  the  solar  system  in 

In  tlie  department  of  practical  astronomy,  'which  relates  to  tha  de- 
lenuioatiou  of  iho  figure  of  the  earth  and  the  promotion  of  objects  con- 
Doeied  with  goographicol  science,  England,  although  not  the  first  in 
^  field,  has  in  recent  times  assumed  a  diatinguishcd  position.  The 
geodetical  operations  which  have  been  carried  on  in  the  present  cen- 
larj,  both  ia  the  British  Isles  and  in  India,  may  fairly  chaUenge  eompa- 
taoa  with  the  most  unex.ceptionahle  undertakings  of  a  similar  kind  that 
kve  beea  executed  on  tlie  Continent.  The  ludian  arc  of  the  meridian 
u,  moreover,  especially  remarkable  for  being  th»  longest  that  has  yet 
been  measured  upon  the  surfoice  of  the  earth.  With  respect  to  those 
opentions  which  have  for  their  object  the  determination  of  the  terrestrial 
dUpticity  by  means  of  expeiimenta  with  the  pendulum,  it  may  he  asserted 
with  confidence,  that  no  country  boa  achieved  so  much  as  Britain  haadone. 
Ihe  eiperimenta  of  the  lamented  Captain  Foster,  for  completeness  and 
delioacy  of  execution,  may  b©  said  to  leave  nothing  further  to  be  desired. 

It  is  impossible,  within  the  limits  of  this  work,  to  give  an  account  of 
Ihe  numerous  eslabhshments  that  have  been  founded,  in  different  parts  of 
the  British  empire,  for  the  promotion  of  practical  astronomy.  To  the  in- 
jQneEioe  of  the  Astronomical  Society  is  attributable  in  a  great  degree  the 
mcnintf  which  thus  generally  prevails.  This  society  was  founded  in  tli© 
yetr  IBW,  and  was  finally  incorporated  by  Royal  Charter  in  1630,  The 
t  President  of  the  Society  was  Sir  William  HerscheK 
In  France,  practical  astronomy  continued  to  make  slow  progress  during 
e  whole  of  the  eighteenth  century ;  a  circumstance  mainly  attributable 
to  the  imperfect  organization  of  the  Royal  Observatory  of  Paris.  Some 
ImUiant  excepUous,  indeed,  must  be  made  to  this  remark.  We  have 
•Mn.  Lacaille,  in  spite  of  nn&vourable  circumstances,  raise  himself,  by 
the  mere  force  of  his  talents,  to  a  high  position  among  contemporary  as- 
tronomers. It  has  been  remarked,  also,  that  France  took  the  initialive  iu 
those  important  operations  which  relate  to  the  determination  of  the  mag- 
situde  and  figure  of  the  earth.  In  this  department  of  proclical  astro- 
nomy, she  still  continued  to  maintain  her  pre-eminence.  The  meaBurfi' 
ment  of  the  arc  of  the  meridian  comprehended  between  Dunkirk  and 
Barcelona,  was  one  of  the  most  splendid  scientific  operations  of  the 
hteenth  century  f  Thislnaguiiieent  undertaking  was  executed  under 
joint  superintendence  of  Delambre  and  Mechain.  Delombre,  more 
ciaUy,  by  his  labours  on  this  occasion,  proved  himself  worthy  to  be  aa- 
liated  with  Picard,  Bouguer,  and  Lacaille.  The  main  peculiarity  of  the 
ratioD  consisted  in  tlie  observations  having  been  made  exclusively  with 
e  repeating  circle.    It  has  been  already  mentioned  that  Mayer  first  sug- 

*  In  recent  yean  atlentiDn  hu  been  devoted  at  the  Greeaxfich  Obiervatory  to  tbephc- 
bOmetia  of  Meteorology  and  hlagnetlcm,  and  the  obienatiana  relative  to  them  depuHnenli 
ef  phytical  Kience  uc  oon  published  with  the  seme  regularity  u  tht<  astronomical  obier- 

f  It  may  be  remarked  that  the  object  of  this  operation  was,  not  to  delermitifl  the  iQgttre 
of  the  earth,  but  to  obtain  an  invariable  staridiird  of  mea^urunaent,  by  ado^inff  as  the 
ftindameatal  linear  unit,  the  ten  talUionth  part  of  a  degree  of  the  meridini].  MM,  Araga 
aod  BiolnibcequeDtlj  extended  tbe  sia  beyond  Barcelona  to  Formcntcra,  one  of  the  B^ 
■rioUea. 
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gesied  ihe  principle  of  repetition  as  a  meaus  of  obviftting  the  errors  of 
division  iu  astronomical  instruraents*     The  idea  of  that  asLrcmomor 
Dot,  however,  realised  till  the  year  17&7,  when  it  wjis  at  length  aj 
suecessfullj  by  Borda,  a  French  otBcer  of  Matine,  distinguifibed  by 
sopliical  acumen  and  strong  practical  talents. 

la  the  eonstructiou  of  tables  of  the  various  planetary  bodies,  so  slgeetj 
of  reeearcb  which  may  be  said  to  form  the  conueetiDg  link  bt-t««Mi 
retical  and  practical  astronomy,  the  labours  of  Delambre  Mould  suffie«  t0 
assign  to  him  a  high  pla«e  in  the  history  of  astronomy,  even  althdogh  Im 
posseeaed  no  other  claims  to  the  recollection  of  posterity.  The  method  <if 
squationa  of  con<iition,  the  utiUty  of  which  Mayer  oiigioally  exhibited  im 
Ma  admirable  reaoarchei;)  on  the  libration  of  tlie  moon,  was  employed  tvitb 
great  auccees  by  Delambre,  in  the  year  1785,  in  correcting  tlie  demoitt 
of  tlie  solar  orbit  by  means  of  Maskelyoe's  obsen'ationa.  Uis  tabliee  ef 
tliG  planets  Jupiter,  Batam,  and  Uraims,  and  i^f  the  satellites  of  Jupitar. 
which  ethortly  afterwards  appeared,  as  ^'eil  aa  his  solar  tables,  which  ifwo 
publisihed  at  a  later  period,  were  all  admirable  attestations  pf  bis  perae- 
▼efMice  and  skill.  Ue  may  he  said  to  have  bean  the  first  irbo  iriwiirHwd 
masBes  of  observations  to  a  syatematic  procera  of  treatment,  dedneiof  io 
this  manner,  from  their  botaiity,  an  accurajcy  of  result  wkidi  was  mmtiaaB- 
able  by  a  succassion  of  partial  operations*. 

About  the  commencement  of  the  present  ceDtury,  ad  impfOfViBfittl  Wi 
effected  in  the  organ izatiou  of  tlie  Koyal  Obserratory  of  Para.    At  |]m 
same  time,  two  exoeUeot  mural  quadrants,  one  of  which  waa  com 
by  the  celebmted  Bird,  were  erected  iu  suitable  apartmenta. 
fomat'd  the  observations  asemaed  a  character  of  reguladiy  lad 
worthiness  hitherto  uuknowii,  and  were  destined,  m  cwfUfgaaiiOO.  lo^mas 
really  serviceable  iu  conducing  towards  the  advanMONnt  ^    ' 
astronomy.     In  rei-eut  times,  when  the  duties  of  its  diraotoV^B  hav«  imm.'^ 
confided  to  M.  Arago,  the  lloyal  Observatory  of  Pans  llM  ■**nTr^  a  *""*" 
degree  of  efficiency.     Observations  are  now  constantly  made  «1  that  i 
blishxnent,  both  by  direct  and  reflected  vision,  witli  two  iiiuxal  oieleB 
Btructed  by  French  arListe  of  acknowledged  eminence f.     Tl»e 
I'esull  which  M.  Ls  Verrier  deduced  from  his  researchett  on  the 
tionij  of  Uranu'^,  based  to  a  tunsideraiije  extent  upon  data  proeored : 
the  registers  of  tlie  lioyal  Observatory  of  Paris,  waa  a  gnic^l  baa 
the  illa^triou«i  pbiloeopher,  at  whose  suggesti<»i  he  waa  indooad  l» 
take  au  examimition  of  the  subject. 

In  no  country  has  practical  af^^tronomy  made  more  raqoid  preffrMBi 
the  present  ceutiiry  than  in  Germany.     The  labours  of  Beanel  gnd  a 
of  eminent  tLstronomers,  aH'ord  ample  courirmatt«.iu  of  the  trotli  of 
remark.     It  must  be  allowed,  also,  that  in  the  construction  of  h 
mstruinouta,  the  Genuau  aj  tints  hare  attained  a  degiva  of 
whici)  i^  tuisurpassed  iu  any  other  country  of  tbe  wurrd. 

JDonmark  still  continues  to  auataia  her  aooient  roputatioa  by  lief 
age  of  astronomical  science.     In  M.  Sehumacher,  whose  recent  dmtli 

•  i««n  B«pl1ito  JoKph  Delambre  wu  bom  u  Amteiw,  in  the  rvr  I7ia«    Us  Ad  t 
Patit  in  ISIS. 

t  One  of  the  mural  circki  wu  cxectllcd  by  GBtnb^T,  «i  «tHl  who  ajncws  la 
•tt«iwo<l   a  very  high  degree  r>f  «xcc1l(>iic«  mi  ttiu  lu-Lof  gradualicui,      Aooudiag  9^ 
M.  F«v*,  the  probaUc  error  of  (he  iiilervnl  tx't^^wn  two  coM«culita  poiolt  td  " — ""^ 
I  irete  pmwrructed  by  him  fcr  thii  Royal  Obwrvalory  of  Pttris^  U  Itti  ' 
*  JRetuhm,  toae  ixviU  p.  WO).     Onmb^y  died  in  1647. 


so  49dplf  deplored  hy  the  astronomical  warM,  practicnl  astronomj. 
cspedaJlj,  has  lost  a  supporter  who&e  place  it  will  be  difficult  to 
mnpfij.  The  A$trmtomUche  Kachricktmi,  with  which  the  name  of  that 
■trpmomer  is  inseparably  associated,  hiis,  perhaps^  contributed  morg  to- 
ttBinis  tb^  improvement  of  astroDomieul  scieuoe,  in  all  its  hrnQOhes,  tkau 
aay  similar  publication  has  ever  done.  This  celebrated  periodical  was 
established  b?  M.  Schumacher  at  Altona,  in  the  year  18'^ I,  and  has  ever 
flinoe  formed  the  coinmon  medium  of  intercourse  among  astronomers  ov^er 
iJjw  whole  civilised  world.  Its  publication  couttnued  to  be  regularly 
enpenntended  by  him  till  his  deatb  *. 

While  England,  France,  and  Germany  bave  been  contributing  towards 
tbe  advancement  of  pi'sctical  astronnmy,  luLly  baa  not  remained  an  idle 
apaetator  of  the  scene.  There  is  assuredly  no  cause  of  more  cheering 
«otigmtul«it!ou,  to  those  who  look  forward  to  the  regeneration  of  that  noble 
country,  than  is  afforded  by  the  circunialance  that,  while  trodden  in  every 
Age  under  the  hoof  of  the  oppressor,  &he  lias  never,  even  in  the  darkest 
faoor  of  her  distress,  resigned  herself  to  despair,  but  has  invariably  main- 
tajiked  her  high  position  in  the  int^llectnal  world,  with  a  constancy  of 

«e  and  a  brilliancy  of  Bucce^  worthy  of  her  de&tblees  reuo^rn, 
unrivalled  in  the  productions  of  the  imagination,  Italy  has  been 
ready  to  dispute  the  palm  with  the  most  favoured  nations  in  the 
mure  severe  pui^snits  relsiliug  to  the  wsathematical  and  physical  sciences- 
In  Oriani  and  PJazzi,  as  well  as  many  other  eminent  individuals  of  modem 
times*  ehe  has  afTorded  abundant  evidence  that  practical  astronomers  of  the 
fint  order  are  not  wanting  to  sustain  her  reputation. 

The  eSorts  which  Russia  has  made  in  recent  times  to  acquire  a  position 
in  the  czFilised  world  conformable  to  the  grandeur  of  her  material  re- 
sources, have  in  no  iustance  been  more  Bigiiully  illustrated  tlian  in  her 
muoificefDi  patronage  of  astronomical  science.     The  earliest  observatory  of 
thateotintry  was  built  at  St.  Petersburg,  in  1725,  under  the  auspices  of 
~'«ter  th  e  GreaL     Delisle,  a  French  astronomer  of  considerable  experience, 
its  first  director.     As  in  the  case  of  most  of  the  early  observatories 
Europe,  it  was  built  in  the  form  of  a  high  tower,  the  observations  having 
Q   made  iu  an  apartTiient  at  the  top  of  the  building.     In  ITIT,  this 
ture  was  totally  consumed  by  fire,  whereupon  Delisle  returned  to 
ce.     Shortly  aftenvards  it  was  rebuilt  iu  its  original  style,  and  Hein- 
wus  of  Lelpsic,  an  astronomer  well  known  for  his  observations  of  the  great 
comei  of  1747,  was  appointed  director.     The  instrumental  with  which  the 
observatory  had  been  hitherto  furnished  were  only  of  moderate  excellence, 
<Bd  oooaequen tly  the  observations  could  not  he  expected  to  possess  a  high 
of  importance.     In  1761,  however,  the  Russian  Government,  with 
to  extend  the  usefulness  of  the  observatory,  procured  from  Eng- 
cmral  quadrant  of  eight  feet  radius,  by  Bird,  who  was  then  in  the 
of  his  fame,  and  also  a  transit  instrument  of  five  feet  focal  length, 
©jnslructcd  by  iho  same  artist.    Grischow,  who  was  then  director  of  tlie 
blishment,  jvistly  considered  that  tlie  practice  of  making  the  observa- 
na  in  an  apailment  at  the  lop  of  the  building  was  unfavourable  lo  the 
.bility  of  llie  iuatrumenls ;  and,  moTeover,  that  the  situation  of  the  obser- 
Tatory  in  the  heart  of  a  populous  city  was  not  by  any  menus  desirable. 
On  boili  these  grounds,  he  suggested  that  a  new  obsen'atory  should  he 

•   Ucinricb  Chri»li«i  Schtimachtir  was  bom  nt  BrtiTn«1edt,  in  Holsfcmf  on  Iho  Srd  of 
Bf,  1780.     He  died  at  Altona,  on  (lie  SSth  of  December,  1850.     The  AUrtmo- 
!  iVoeAncAfcii  u  now  lupcrinlended  by  MM,  Petersen  &nd  Haii«Q(i, 
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liuik  m  a  more  suitable  locality,  aud  as  tbis  idea  was  for  acme  tli 
altly  etitertained  bj  the  Academj  of  Sciences,  no  iituuediate  steps  iraii 
taken  for  mounting  the  instruments  obtaiued  from  England.  It  trasool 
till  the  year  1708,  when  the  design  of  erecting  a  new  obserratory  mi 
temporarily  abandoned ^  that  the  insti'iiments  constructed  hy  Bird  iKSfe  ti 
length  adjusted  iu  the  tneridiau  in  two  lateral  apartments,  aittiate  iLpoa| 
the  first  floor  of  the  ohaervatory. 

Although.  Hussia  had  not  hitherto  contributed  greatly  to  tlia  almwa^ 
meot  of  astronomical  science  In  60  far  as  meridiotial  obeetrations  were 
concerned,  it  is  just  to  state  that^  in  regard  to  the  important  observations 
connected  with  the  transits  of  Venus  in  1761  and  1769,  the  Govemmeiit. 
as  well  as  the  astronomers  of  that  country,  took  a  very  distinguished  |«jL 
Another  Important  object  connected  with  the  practice  of  observation,  which 
exercised  the  talents  of  the  Hu&slan  Bstronomei^  towards  the  close  of  thi 
lost  century  And  the  beginning  of  the  present,  was  the  determination  of 
the  geogruphical  positions  of  the  principal  points  comprehended  witlim 
the  vast  territories  of  the  empire.  The  most  active  in  the  prosdCntkil 
of  these  labours  was  the  well  kuo\\Ti  astronomer  Schubert.  In  1808,  M, 
Wistiiewski*,  an  astronomer  of  great  merit,  was  appointed  director  of  Uui 
Observatory  of  St.  Petersburg.     AlUiougU  some  excellent  fiL  n?  tq 

the  meridian  were  now  oceat.ionall^  made  at  tlrnt  establish:.  .  -.t 

deemed  advisable  to  apply  its  resources  chiefly  to  obserratious  ui  o>i 
and  other  isolated  phenomena.     In  1827,  the  idea  of  a  new  c^atral 
vatoiy  began  again  to  be  entertained  hy  the  Academy,  and  in  \b$0 
Emperor  at  length  declared  hy  his  minister,  that  tht  honour  of  ihs 
appeared  to  hif>t  to  ileniand  the  iStahlUhinent,  near  ihi  tcapital,  of  it  Ni 
attronomical  obiervatorif,  eotifortnahie  to  the  actual  stnio  oj  tcitncf, 
capable  of  contributing  to  its  uiierior  advancemmt. 

The  first  thing  to  be  done  was  to  fix  upon  the  mo&t  appropiiate  aii 
tion  for  the  new  observatory.  After  some  deliberation  it  was  ai  lenglll 
resolved,  at  the  suggestion  of  the  Emperor,  that  it  should  be  ertctMl  fn 
the  vicinity  of  Fulkowa,  a  small  to^rn  Bituate  about  ten  milea  ta  Um  aoolli* 
west  of  St.  Petersburg,  upon  a  gentle  emiuenca  commandiug  «a  extnuhi 
view  of  the  hori2on  iu  all  directions,  The  design  of  the  efttablvduaeni 
was  upon  a  scale  of  unprecedented  magnificence.  The  foundaiiou  Btena] 
of  the  building  was  laid  on  the  31st  of  June,  IdS&i  and  it  was  fioallj  oooh' 
pleted  on  the  iOth  of  August,  1830. 

*  Thii  utraaomer  eaeras  to  bare  been  aifitd  wttb  ii  rcoiaftAble  power  of  ihiiw 
Ac(!ordtn|;  lo  M.  Slruve,  hs  coniioucd  to  uWrvc  tUo  comet  of  1807,  in.  th#  SMMilh  tt 
March,  when  a7l  other  aifrotiomeri  }iad  1o»t  sight  of  it  for  four  R^ckx.  In  th#  eme  of  <te 
great  cotnet  of  181 1  be  give  s  still  more  striking  proof  ^f  hu  uutcncM  of  viuon.  Tbb 
comet  Tint  became  Tuible  in  tbe  month  of  March,  IBII,  nnd  after  reapprwiBCoa  li< 
t«tum  froo)  Lhe  perihelion, irasfinKllTl<»t  light  of  on  the  llth  of  JuUMj,  !^]^^9itiBd(' 
hotrcvL-T,  mggcsted  that  the  earth  might  not  iinprobahly  Qvcrlgtke  ibe  cocnol.  mad  ikal  ite 
latter  might  in  c«qKquence  become  vtuble  far  tbo  third  time,  b  the  nouUi  of  i^"^- 
Aiigtiti.  Wiiniew^ki  actutill}'  dcteeteil  it  at  N'ovo-Tchvrkiik,  pn  ibe  31,''l  of  Julv.  tod  kfft 
li^ht  of  it  till  the  17ih  of  August.  No  other  European  mlt^nonicr  appcim  to  kara  fth 
c«ived  ihc  comet  on  thu  occjiaion ;  but  it  ts  worthy  of  remark  that  it  waa  artm  kr  lli 
Spanish  aatronomer  Ferrer,  ut  Havunnah,  in  the  Iilaiid  of  €uhiL(Mtm,  A»f.  5bc*«oL  BL, 
y,  36),  It  mny  be  mentinnc-d  that  Fcrirr  and  hi*  coirpanion  de1«R)ined  iIm  wlal  all 
tbs*  colebralcd  comet  with  great  accuracr  from  their  own  obtervatioinai  ma4i«  wiUi aaulirtl 
of  onlr  leven  inchei  rsdiu.-:,  before  DcikI  or  any  of  the  greal  oilroaoitMn  of  Sarapi  W^ 
publidtci]  anj  re»ult>  oa  the  fubjecL 

t  M.  StruvQ  ttalet  that  a  H>nci  of  obscn-ationa  of  tbo  ncwty  iljaeoTMvrf  pUwet^  Opi* 
U)d  JtiDo,  WM  made  at  the  St.  rL<tcrtbiirg  Qbterratory  about  ihiii  tSuw,  idudh  te  pafaB«f 
accuracy  might  bear  companion  with  thow  made  at  an;  oiher  obaenniuirjr  in  BaN|M. 
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The  teik  of  providiug  the  instraments  for  the  new  est&blishmetit 
me  confided  to  M.  Sinive,  the  director  of  the  Obsenratory  of  Dorpat,  so 
eelebrated  for  his  labours  on  various  subjects  relating  to  astronomical 
adeiyce.,  and  more  especially  for  his  observations  of  double  stars.  The 
lioperiiLl  iustructiona  relative  to  this  object  were  characterised  by  un- 
bounded liberahty.  The  piiucipal  instruments  of  the  establbhmenl  have 
been  coQstructed  by  German  artists.  For  meridional  observations  tliere 
arc  four  inatrumeiita,  two  of  vhich  have  been  supplied  by  Ertel  of  Munich, 
and  two  by  Bepsold  of  Hamburgh.  Thd  instruments  by  Ertel  are  a  ver-l 
tictd  circle  43  inchea  in  diameter,  and  a  transit  iustrument  q{  5.85  inches 
sperture,  and  8  feet  6  mchea  focal  length  :  those  by  Repsold  are  a  meri- 
dian circle  48  inches  in  diameter,  and  a  prime  vertical  telescope  of  6.^5 
inches  aperture  and  til  inches  focal  length.  For  extra-merldioiml  obser^ 
Tfttiona,  the  obserratciry  is  furnished  "with  a  maguificent  equatorial  tele- 
scope by  Merz  and  Mahler  of  Munich^  the  object  glass  of  which  has  a  free 
aperture  of  14.93  inches,  and  a  focal  length  of  Sf2.55  feet.  Moreover.  It 
contains  several  clocks  constructed  by  the  most  esteemed  turtiste  of  Ger- 
lOAoy  and  England,  as  well  as  an  amplo  collection  of  other  instnunentSf , 
both  astronomical  and  physical,  destined  for  various  purposes  connected' 
with  the  practice  of  observation.  In  short,  the  Observatory  of  Pulko^m 
Biay  be  regarded  as  one  of  the  most  complete  in  existence,  of  those  instU 
Intioiis  that  have  been  founded  for  promoting  the  advancement  of  astro- 
nomical science.  The  expense  attending  the  erection  of  the  building,  and 
ito  subsequent  equipment,  amounted  in  round  numbers  to  600,000  roubles 
of  silver  •. 

The  illustrious  Struve  has  been  appointed  first  director  of  the  Obser- 
vatory of  Folkowa.  An  ample  staff  of  assistants,  several  of  whom  enjoy  a 
Curopean  reputation,  is  allowed  him  for  carrying  on  eOectuatly  the  labours 
of  the  establishment.  The  sum  allotted  from  the  imperial  treasury  for  its 
gi*"***^  maintenance  is  no  less  than  C2,200  roubles  f. 

M.  Struve  commenced  his  labours  at  the  Observatory  of  Pulkowa  in  the 
month  of  September,  IB39.  The  maun  object  to  which  he  has  proposed 
to  devote  the  resources  of  the  establishmeDt,  is  the  advancement  of  side- 
real astronomy.  Results  of  great  importance  relative  to  precession. 
Aberration,  and  other  kindred  subjects,  have  already  been  deduced  from 
the  observations  * . 

In  the  United  States  of  America,  practical  astronomy  has  recently  been 
making  rapid  progress.  A  central  observatory  has  been  established  at 
Washington,  which  h  placed  under  the  direction  of  Lieut,  Maury,  The 
etpediliou  to  Chili,  undertaken  witlwa  -view  to  determine  the  solar  paral- 
lax by  means  of  simultaneous  observations  of  Venus  and  Mars,  bears 
lioinoiin.bk  testimony  to  the  eulightened  vie'cvs  and  liberality  of  the 
Amertcau  Government.  Besides  the  national  observatory  above  alluded 
to,  there  are  similar  institutions,  upon  a  smaller^scale.  established  in  several 
ef  tbo  stAtos  of  the  Union.    Of  these,  the  most  celebrated  is  the  observa- 

Cf  of  Harvard  University,  Cambridge,  Massachusetts,  ivhich  boasts  of  one 
the  largest  and  most  perfect  refracting  telescopes  in  the  world.     The 
covery  of  the  eighth  satellite  of  Saturn,  and  the  establishment  of  various 
(acta  of  a  highly  interesting  nature,  relative  to  the  physical  constitutioii 

•  £100,000.  +  £10.36G  13*.  4J. 

i  M,  Struve  bas  eiTen  a  complete  descriptiDii  of  the  ObtervBtory  of  Pulkoird.  ta  a  oiog- 
oi^cent  work  entitud,  "  Dcfcriptiun  dc  VObservutoirc  AilroRomique  CeDlrtl  de  Pul- 
kowa, pur  r.  G.  W,  Stmvc.^  2  vols,  fi>L,  St,  P«tenburg,  1S43. 
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of  the  celestial  bodies,  have  resulted  from  the  laboozB  of  Mr.  Bond,  the  di- 
rector of  the  observatory,  achieved  bj  the  use  of  this  powerfiil  instmmieot 
One  of  the  inventions  which  do  most  honour  to  the  Americans,  couisis 
in  the  application  of  electro-magnetism  to  geographical  and  aBtronanuGal 
purposes.  As  earlj  as  the  year  1844,  the  mstantaneons  transmkaonof 
time  by  the  electric  telegraph,  was  employed  in  determining  the  diffannee 
of  the  longitudes  of  Washmgton  and  Baltimore.  The  same  method  hm 
since  been  practised  for  ascertaining  the  relative  longitudes  of  vanoai 
other  transatlantic  cities.  Recently,  attempts  have  been  made,  widi 
complete  success,  to  record  transit  observatious  of  the  celestial  bodies,  \fj 
means  of  the  electro-magnetic  principle.  Aa  soon  as  the  star  is  teea 
bisected  by  the  wire  of  the  telescope,  a  slight  pressure  of  the  finger  eaoh 
pletes  or  breaks  the  galvanic  circuit,  and  the  e£Eact  is  inatantaneoasj^ 
transmitted,  by  the  intervention  of  a  magnet,  upon  a  reoordiog  suiiHe, 
to  which  a  uniform  motion  is  given  by  a  peculiar  mechanism.  This  ia> 
genious  contrivance  for  fixing  the  precise  instant  of  a  phenomenm,  hj 
calling  into  e.xercise  the  sense  of  touch  to  aid  that  of  vision,  promiaait 
at  no  distant  period,  to  supplant  the  usual  mode  of  recording  by  die 
combined  application  of  the  eye  and  the  ear  *.  We  may  remark,  in  oob- 
cluding  this  chapter,  that  it  ought  to  be  borne  in  mind  also,  as  m 
earnest  of  what  may  be  expected  firom  the  future  exertions  of  <Mir  tmis> 
atlautic  brethren,  that  to  an  American  philosopher  Practical  Astronomy  ii 
indebted  for  the  beautiful  invention  of  the  couimatii^  telewx^. 


CHAPTER  XIX. 

Catalogues  of  the  Fixed  Stan. — Tbeir  inportance  asfMnine  the  Graondirark  of  Ait»< 
nomical  Science. — Earlier  Catalogues. — I^olemy. — Ulum  Beigh. — Tjcbo  BnUi-: 
Halley — Hevelius.—- Flamsteed. — Modern  Catalogues. — -Bradley.— Lacaille. — Hajer. 
— Ma8kel,>'ne. — Publication  of  the  Histoire  Celeste  of  Lalanoe. — Piazzi. — Gfooo* 

bridge Zone    Catalogues   of  Stars. — Bessel. — Argelander    Saiitini Catalogoe  rf 

the  Astronomical  Society. — Catalogues  of  Southern  Stars. — Fallows. — Briibiuie.-' 
Johnson. — Henderson.-— Standard  Catalogues  of  Stars. — Catalogue  of  the  British  Ai* 
sociation. — Recent  Standard  Catalogues. 

Catalog  DBS  of  the  fixed  stars,  considered  as  contributions  to  Astronomicil 
Science,  possess  an  importance  arising  from  two  distinct  causes.  In  the 
first  place,  an  accurate  catalogue  of  such  objects  furnishes  a  series  d 
points  of  reference  by  means  of  which  the  positions  of  the  varions  bofies 
composing  the  planetary  system  may  be  determined  from  observation,  «nd 
the  laws  of  their  motions  invmtigated.  Secondly,  it  constitutes  the 
groundwork  of  stellar  astronomy.  A  comparison  of  catalogues  constructed 
at  different  dates,  enables  the  astronomer  to  ascertain  the  proper  motions  of 
the  stars,  and  to  arrive  at  conclusions  respecting  the  changes  which  maybe 
taking  place  in  the  physical  constitution  of  the  sidereal  heavens.     More> 

*  It  would  appear  that  several  individuals  in  the  United  States  are  entitled  to  ihne  ii 
the  merit  of  this  ingenious  invention,  among  whom  mi^  be  more  eapeciallj  -«— ^»*~^ 
Mr.  Bond,  Mr.  Sears  Walker,  Prof.  Mitchell,  and  Dr.  Locke.  It  has  been  stated  in  As 
text,  that  the  instant  of  transit  may  be  noted,  either  bv  completing  the  galvanic  circuit 
supposing  that  in  the  ordinary  state  of  the  apparatus  tlie  current  of  eleetricitj  is  inta^ 
ruptcd,  or  by  msJcing  the  electricity  to  flow  in  a  continual  current,  and  thra  soddnij 
breakimg  tbe  circuit.  Both  of  these  methods  have  been  practised  in  America.  At  dM 
meeting  of  tbe  Astronomical  Society  held  on  the  9th  of  May,  1851,  there  was  exhibited 
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ctett  U  is  bj  such  a  oooi|;iansoD  alonef  ihRi  he  can  diecorcr  whether  there 
ezai  uij  real  grouuds  for  beliermg  that  the  fEhole  solar  ajstem  is  atrected 
with  %  taotioQ  of  tnmslatiou  in  spaoe. 

The  fi.rftt  iodivjduai  who  constructed  a  catalogue  of  the  stars  was 
Hip|Mtrchas>  who  may  be  cousidered  as  the  true  founder  of  Astrouitnucal 
SeicBCd«     It  is  &aid  hj  Plinj,  that  he  was  induced  to  enter  upon  this 
vsdtttakiag,  by  the  suddeu  apparition  of  a  new  star  in  hia  time.     Be  thia 
u  it  mar,  it  is  certatn  that  he  actually  determined  by  observatioin  the 
longitudes  and  ktitades  of  upwards^  of  a  tliousand  stars,  and  arranged  tbe 
results  in  a  catalogue.     Tbe  earhegt  production  of  this  kind  now  extiuit, 
ia  the  catalogue  inserted  by  Ptalemy  in  the  Syniaxis.     It  containB  the 
loDgitudes  and  Inlitudes  of  102S  stars,  arranged  in   4@  <x>uisCellatiou9. 
Xbe  epoch  is  the  first  year  of  the  reign  of  the  emperor  Antoninus,  which 
^■rrespotida  to  the  year  138  a,d.     It  has  been  suspected,  on  very  probable 
PBounds,  that  this  catalogue  is  nothing  mora  nor  le^is  than  the  catalogue  of 
"^Hipparchus,  trausported  to  the  time  of  its  reputed  author,  by  applmg  lo 
the  ioiigitudas  of  alt  the  stars  a  common  additive  qnautitj  for  the  sup- 
posed elfect  of  precession  iluring  the  lutermediate  period, 

Tbe  next  caiidogue  of  stars,  in  the  order  of  time,  is  that  of  the  Tartar 
prince,  T-Hugh  Beigh.  This  individual,  who  was  a  gmudsou  of  the  re- 
nowned Tamerlaue,  estabSiahed  an  obser^'atory  at  Samarcand,  the  capital 
of  hia  father's  dominions,  and  devoted  hiingielf  with  great  ardour  to  astvO' 
aomlcfli  pursuita.  Having  found  that  tlie  positions  of  the  stars,  as 
loigt^d  by  Ptolemy  Iji  bi±>  catalogue,  were  in  many  iustauces  considerably 
ernoiifious,  he  formed  the  resolution  of  constructing  a  new  catalogue, 
foaaded  e%dadvely  upon  bis  own  observatiQDs.  This  design  was  actually 
realised  by  him.  Tbe  number  of  stars  in  the  catalogue  of  this  prince  is 
1019,  being  only  nine  leas  than  the  number  contained  in  Ptolemy's 
catalogue.  The  epoch  i*  tbe  year  1 137  jud.  The  mode  of  arrangement 
is  the  same  as  that  employed  by  Ptolemy,  Ulugh  Beigh  was  treache- 
rously shiiit  by  Lis  son  in  the  year  1449,  shortly  after  his  accession  to  the 
throne  of  hia  father. 

The  next  catalogue  recorded  in  the  annals  of  astronomy,  is  that  of  the 
illustnou'*  Tycho  Bralic.  It  ori*j;jnai!y  appeared  in  the  ivork  of  that 
a^'  •.  entit]et\  Astrotwmiii:  histftiiralti:  PrOffifmnasntfttat  which  was 

ti  •  .  4ied  in  Uie  year  lOOi!.  Tbe  number  of  stars  la  777.  The 
epoch  i^  1000  A.tii.  Frora  the  lalxiur  and  skill  employed  by  Tycho  Brahe 
In  its  construction,  this  catalogue  was  viistly  more  accurate  than  any  other 
that  had  been  hitherto  executed.  Kepler  subsequently  enlarged  it  from 
Tycho  Brahe's  observations  to  1005  stare,  and  publiahed  it  in  the  year 
ihit,  at  the  end  of  the  Eudolphiuo  Tables. 

Halley's  Catalogue  of  Southern  Stars  was  the  next  in  succession  after 

•  cantziTanc«  for  recording  tTsniits  bj  etct^trQ-rnflg^netigm,  vrhidi  had  bevn  used  for  same 
time  tt  ibe  C^ambridige  ODKrvstonr,  U.  S.  la  tbk  apparilus,  the  signal  itas  made  bj 
mtcrrupting  the  galfAnic  circuit,  the  recording  ]^p«r  iipoD  nhich  the  maenct  acted  bcmg 
sppllecf  closely  upoa  s  cylinder,  to  tiliich  a  uaiform  inution  was  given  lij  a  tneciianisia 
wvited  wi  Cambridge,  termed  the  spring  governor.  Mr.  Airy  prmic«e»  to  introduce  the 
mode  «f  jecwding  tmtsits  by  dectro-magtictism  at  the  Royal  Objervslory,  where  the 
nccewitj  of  trarainining  lime  frckm  thi.>  meridian  tratujt  clock  lo  the  allUuttu  and  aximuth 
iai(fiaHBl{Ql0  observations  with  vrlik-h  are  miide  by  nolini:  th«  transit  of  the  ol>jecL  over 
atjlisill  of  hofixontii  and  vertical  \virc3)  rviider>^  such  a  nrcthod  pccuJiarly  dc^trable.  It 
soblit  i^ena  that  (he  Aftrnnamer  Royal  eontemnlitca  applying  the  prinrljilc  to  that  the 
iMttnt  of  trannt  thai]  be  indicated  by  completing  the  galvanic  circuit:,  and  that  be  purpnaA 
giving  K  uniform  motion  to  the  recording  cyliiidric^  uirface  by  mfioiu  of  m  centrifugal 
peaduluia. 
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Tycho  Bmh^'s.  Tlie  obBenatiDiis  wbieli  form  the  basis  of  tMs  cai 
were  made  at  St.  Helena,  (Ittring  the  years  1C7 6-7-8.  The  ntwn 
stars  is  341.  The  epoch  is  1077.  Besides  the  circumBtance  of  its  rekttog 
exclusiTely  to  stare  iii  the  southem  hemispheire.  this  catalogue  h  further 
reniBJ-kabte  for  heing  the  first  that  was  constructed  frem  ohservatioui 
made  bj  the  use  of  telescopic  sights.  Although  not  so  accurate  as  vaij 
desirable,  even  for  the  astronomy  of  his  time,  Holley  did  not  oa  an/ 
Bubseqaent  occaaion  attempt  its  improyement  It  was  submitted,  howeTe& 
to  a  careful  rerisal  by  Abraham  Sharp,  and  was  inserted  in  Its  arueodM 
form,  in  the  third  volume  of  the  Historia  Cehstis  of  Flamsteed. 

The  catalogue  of  Hevelius  appeared  in  a  posthumous  work  published  iit 
169D+.  It  couta-ined  1504  stars.  The  epoch  is  1600.  In  coosequenoft 
of  the  pertinacity  with  which  its  author  adhered  to  the  use  of  suneli; 
pinnules  in  makiug  ob.ierrationa  of  the  celestial  bodies,  this  catal' 
not  been  attended  w'lik  so  much  advantage  to  astronomical  sd' 
might  have  been  expected  from  the  labour  bestowed  opoa  its  cons  traction? 

All  the  above-mentioned  catalogues,  after  being  etu^ected  to  a  careful 
reviaal  by  the  late  Mr.  Baily,  were  then  reprinted;  and,  in  their  iiopn)T<J 
state,  they  now  form  the  thirteenth  volume  of  the  **  Memoirs  of  th« 
Astronomical  Society." 

It  has  been  already  mentioned  that  Flamsteed's  "  British  Gatdogus" 
wa^t  published  in  17^5,  in  the  third  volume  of  the  "  Historia  Cdmtit." 
Mr.  Baily  executed  a  scrupulous  revisal  of  this  cata]<:>gue  also,  adding  \a 
it  several  hundred  stars,  whicli  he  extracted  &Dm  Flamsteed's  origiiul 
obeervstiona.  In  this  form  it  was  repubhshed  by  him  in  1635,  «t  the  enJ 
of  his  "  Account  of  the  Life  and  Correspondence  of  Flamsteed,*'  t  wwi 
to  which  we  have  repeatedly  had  occasion  to  allude. 

No  catalogue  of  aUra  was  constructed  from  Bradley's  observstioM 
during  the  lifetime  of  that  great  astronomer.  In  the  Nautical  AtmeMc 
for  1773,  there  finally  appeared  a  catalogue  of  389  principal  Etare,  «• 
tracted  by  Mason  from  the  records  of  the  observntious  made  by  biiu  it 
Greenwich.  This  catalogue  was  subsequently  inserted  by  Dr.  ilyriMbjin 
the  first  volume  of  Bradley *b  Observations,  which  was  published  at  Oxford 
in  ITdB.  Allusion  has  been  niado  to  Bessel's  Fundamenta  AUnmuvM, 
which  he  published  in  ISIB,  contaiuing  a  catalogue  of  stAn  coiuttractsd 
from  the  totality  of  the  observations  made  by  Bradley  b«tffMii  d* 
years  1750  and  ITdS^.  The  number  of  stars  in  this  c&t&logue  ts  SHi^- 
The  epoch  is  January  1.  1750, 

The  illustrious  Lacaiile  is  tho  author  of  three  catalogues  of  rttft 
The  first  of  these  was  published  iu  1757,  in  his  Fundam4Hta  AttToncwiA_ 
It  contains  the  places  of  308  Btars.    The  epoch  is  January  J«  1750. 
place  of  the  equinox  was  determined  by  Flamsteed's  method,  from  ol 
nations  of  »  Lyrce  and  Sirius,  in  connexion  with  oorresponding  ob«em^ 
tions  of  the  eun.    This  may  be  considered  as  the  first  catalogue  which,  in 
point  of  accuracy,  can  bear  a  comparison  with  those  of  modem  conctrtc* 
tioa.     In  consequence  of  its  having  become  exceedingly  rare,  tha  *'*" 
Francis  Baily  undoriooh  a  careful  revisal  of  it,  and  procured  its 
in  the  fiilh  volume  of  tho  **  Memoirs  of  the  AstroDomical  Societj. 

The  second  catalogue  of  LacaiUe's  is  founded  on  obMmtioaf  d 
southern  stars  made  by  him  duiing  his  residence  at  tlie  Oqp«  of  0^ 
Hope.    Of  these  obsenations,  compreUending  the  plaoes  of  Mtdy  t«i 
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stars,  a  partial  catalogue  only  was  formed  by  the  author,  con- 
ig  the  reduced  places  of  194i3  slars*.  The  rematning  mass  con- 
tioned  in  their  ongioal  conditioD,  until  at  length,  m  1833,  the  British 
AasoetAtioD,  at  the  suggestion  of  Mr,  Baily,  undertook  the  reduction  of 
tlie  whole  of  the  observations  according  to  a  uniform  system.  The  com- 
pitatjong  were  executed  under  the  superintendence  of  the  late  Professor 
Henderson,  of  Edinburgh.  The  number  of  stars  is  0760.  The  epoch  is 
Janoary  1,  1760.  The  catalogue  -was  printed  in  1845,  at  tho  expense  of 
the  GoTemment. 

Lacatlle's  third  catalogue  is  one  of  &15  siodiacal  stars,  which  was  pub- 
lished in  1763  as  a  posthumous  "irork.  He  contemplated  that  this 
catalogue  fihootd  contain  the  places  of  8i)0  stars ;  but  he  was  prevented 
hj  death  from  realising  his  design.  The  observations  upon  which  it  Is 
liaaed  were  reduced,  shortly  after  his  death,  by  his  personal  friend  Boilj; 
vha  doea  not  seem,  however,  to  hare  executed  his  task  with  the  scrupulous 
T^rd  to  accuracy  which  a  work  of  ao  much  importance  demanded.  The 
epodi  of  tlm  catalogue  is  tlie  year  1 705. 

Mayer  is  the  author  of  a  catalogue  of  998  zodincal  stars,  which  appeared 
in  a  volume  of  posthumous  works,  published  at  Gottingen,  in  1775. 
ThiDugh  the  influence  of  Francis  Baily,  the  original  observations  were 
brought  from  Gottingen  to  this  countiy,  and  were  published  in  lB-2d  at 
ike  expense  of  the  Board  of  Longitude.  The  same  individual  having 
oucfiilljr  rcnrised  the  catalogue,  by  collating  it  with  the  original  observa- 
liood,  procured  its  insertion  in  the  fourth  volume  of  the  "  Memoirs  of 
tbe  Aatmnomical  Society." 

Maakelyne'a  fundamental  catalogue  of  30  stars,  published  by  him, 
«nginially  in  the  Greenwich  Observations,  was  by  far  the  most  accurate 
production  of  the  kind  that  bad  been  hitherto  given  to  the  world.  This 
small  collection  long  continued  to  be  an  indispensable  guide  to  the 
praeiir.al  astronomer. 

^^Wervations  of  circum polar  stars  present  a  peculiar  interest,  on  account 
^Hbeir  utility  in  researches  on  refraction  and  various  other  subjects  of 
JBfronomical  science.  In  1800  the  Eev.  Francis  Wollafiton  published  a 
small  catalogue  of  such  stars  in  a  work  entitled  * 'Fasciculus  As  tronomicus." 
Towards  the  close  of  the  last  century,  a  vast  number  of  observations  of 
•tara  were  made  at  the  Ecole  MUitaire  of  Paris,  by  D'Agelct  and  Michael 
Lefran^ais  Lalande,  nephew  of  the  celebrated  astronomer  of  that  name. 
Tbe  obsen*atious  were  made  in  zones.  It  was  contemplated  in  this 
manner  to  determine  the  positions  of  all  the  stars  in  tbe  northern 
hemisphere  down  to  the  ninth  mi^itude.  They  were  published  in 
1801.  in  a  volume  entitled  "  Histoire  Celeste  Fran9ai3e,"  but  they  were 
unreduced ,  and  therefore  they  were,  in  point  of  fact,  inaccessible  to  tlie 
astronomer.  Partial  reductions  of  these  obaer%*ations  were  shortly  after- 
wards made;  but  the  great  mass  remained  for  many  years  in  their 
ori^nal  condition.  In  Ib'ib,  Schumacher  published  tables  for  facilitating 
the  reduction  of  the  stare  contained  in  the  Hiatoire  CelfUe,  computed 
Bocordiog  to  a  plan  suggested  by  Bessel.  In  1S3T,  the  British  iLssocia- 
tlon  agreed  to  defray  the  expense  of  the  reduction  of  all  the  obsen'atioos, 
at  the  suggestion  of  Francis  Baily,  who  undertook  the  superintendence  of 
the  whole  operation.  The  Government,  fts  in  the  case  of  Laeaille's 
observations  of  southern  stars,  agreed  to  defray  the  expense  of  printing. 

•  All  ihe  obferratjatiB,  bcluding  tbe  partml  cafalogue,  were  pubtijhed  after  Lacailk'*! 
imuik,  va  l  work  eoUtied  Cktl^m  Auttrak  SteUifentm  4to.}  Parii,  1763. 
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Thig  great  catalogue  contaioa  the  placea  of  47,390  slAra,  tk 
Legiuuing  of  the  jear  ISQO.     Although  the  results  are  not  ^ 
hy  B.  high  degree  of  accuracy,  they  have  prox't^d  etniaeuUj  UMfui  ms 
of  reference  In  e;):tra-meri{]iidnxLl  observatifjns,  and  have  Berved  tc 
light  upon  several  interesting  points  of  astronomical  science. 

In  1803  Piazzi  puhlished,  ai  Palermo,  Ins  tir^t  catsbgne  of  6748  ManJ 
The  fundamental  points  used  in  itA  conatrnctiu'U  were  the  thirtj-»lx  atari  of 
Maskel^rne's  catalogue.     An  somo  doubt  seemed  to  rest  upon  the  nccutncf 
of  the  right  ascensions  of  these  stars,  the  illustrious  Italian  resolwd  to 
establiiih  his  results  aolel^r  upon  bis  o mi  ohserv&tious.  and.  in  tKcordtutoa 
with  this  view,  he  formed  a  preliminary  standard  catalogue  of  I'JO  prio' 
cipal  stars,  which  be  published  in   1807,    These  formed  the  basis  of  hi9 
more  extensive  catalogue  of  7646  stars,  which  appeaitsd  in  1814  ♦.    This 
great  ^ork  is  justly  considered  to  be  one  of  the  most  important  that  hu 
ever  been  executed   hy  a  single  indiTidual,     Every  star  was  obaarrd 
several  times,  and  a  mean  of  all  the  resulis  tHken  as  the  final  j^laoaef 
the  etar-f".     Moreoverj  the  table  of  refractions  oraploved  by  Piaxa  jaif' 
duciug  the  stars  to  their  menn  places,  wB.q  deduced  hj  bitsa  exckttiftlj 
from  his  own  observations.     The  epoch  of  the  catalogtie  is  the  b^^oviii^ 
of  the  jear  180G.     From  the  circumstaitce  of  its  b^infj  at  onoa  Ma- 
tensive,  so  accurate,  and  so  independent  in  its  c^instrufition.  this  catalogm 
has  formed  the  groundwork  of  mitch  valuable  researeh  to   the  Ihwrift, 
while  at  the  same  timo  it  has  proved  an  inestimable  boon  to  the  practibJ 
astronomer  I. 

In  1806  De  Zaeh  published  a  catalogue  containing  tlie  places  of  l^iQ 
zodiacal  stars,  founded  on  observations  made  by  him  at  the  obatinrBtoi^  ^ 
Se^berg  in  3axe  Gotha. 

*  *■  Prffidpuanim  SCetlanim  Inerrantium  PtHitionei  Medis,  iii«unl«  toaih  ta* 
Quarto,  Panormi,  1814.  Ttic  cibscrvationi  employed  in  the  fsrmatioD  of  fhii  cUtlfBt 
were  made  by  Piazzi,  at  ihc  Obstrvatury  of  Palermo,  bctirceii  the  yeara  1791  lad  w\ 
with  tbe  fcunous  altitude  and  usiiouth  imtrumcut  constructed  for  him  Uj  RftMriea* 

t  According  to  Cafitalii  Smjlh,  each  »tar  wiu  obwrved  from  fit*  or  ds  lo  bi  * 
tvienlj,  or  even  oocattonallj  to  a  greater  uumber  of  tines.  Tite  auuk  Hidior  MtadW 
the  whole  number  of  obMrvatiotu  unouated  to  tiearlj  15O,DO0l  (Qk^  ^  CUmM^ 
OAfVfti,  vol.  X.,  p.  433.) 

t  Juteph  Ptazii  mas  horn  on  the  T6th  of  July,  1746,  at  P  '      '  <  Vatlvlim.!^ 

tricl  of  Northen;  kaly,  which  then  forme^i  put  of  ihe  tJelv»: '  i  .xtim-     h>  t^ 

lift!,  be  became  a  member  of  the  niuiiudc  urder  of  ThealiiK.-^.     ..^  mmu  m  ba  M 

JunliSed  himself  fur  huly  arJcrs,  be  wu  appointed  to  teach  pMLotophy  in  a  coflitst* 
ienoa,  but  having  incurred  (be  dUpleaiure  of  the  Iheologif^l  party  bv  too  ft«e  n 
expretston  of  hit  opititoui,  be  ■borllf  afterwarda  nsigned  hi*  ailuatinn.  ifarinj  n«w  ^ 
TQted  hiiattentivn  more  ejpeci'ally  to  tbe  exact  iciaieei,  towardi  whieih  bm  aiiny%  •voC* 
a  tirong  in clj nation,  he  wu  appointed  ProftMor  of  MallMcmtiei  It  Maki.a«4fri^ 
r)ucntly  at  Uamc.  In  1780,  he  wot  nppomted  PraAsNOr  of  MtthMUatioite  tSm  AaitfT 
of  Palt-rrao.  Shority  nfierwards  Ferdinand  IV„  King  of  Ntpfasib  l<**t'<ff  ^"""^.T. 
obaervntory  at  that  clrf,  Piazii  wai  appointed  director  of  the  MblMlinoit  Wt^H 
visited  Pranee  and  Iiingland,  in  order  lo  extend  hit  Laowladfs  of  {HaetloBl  mKnmmft^ 
M^aroed  to  P^enno,  Imaging  with  him  a  mllci.'tion  of  iMroiiOfliieal  iutfamfnti  fraa<b* 
kOcr  Muntr)',  tad  commented  bii  Uboura  »i  tba  ntit  oittrfatory  tn  MVI,  Iht^ 
pfOcticdcd  to  carry  into  effect  bit  rraoluliou  f»f  exrailing  a  '  ^if  lUik* 

undei'taking  which  may  be  Mid  to  have  fortncd  thu  |ifindf>«l  Cif''' 

SroTth,  who  wQt  I  pcnoaal  friend  of  the  celebrated  aatrouixtt'^i.  motunK  b»iyij 
work.  UT*  of  ila  author  i—"  1  cannot  forget  hw  «niptiitio  (Wtpuwww 
oorreclioH  lo  Ujc   Uut  pmof  «hcL<t  in   l»tl4.       ' No»,*  iaid  bv,    'mm 

it  diued.*"     (CW«  (^  Ctit*Hai  Obftch,  vah  U  p-  433.)     Pia»i  UilhI  on  lb*  

JuU,  1820,  By  hri  will  he  bcquealht^U  hi»  iihniry  and  iiuttrumenta  lo  tbo  Olservaiiaf?  *" 
Pitlerino,  and  an  Riinulty  to  be  employed  in  educating  young  jucn  who  ihowvd  aa  ad^ 
natiUD  luwanli  aitiVDaoucai  pviruiu.  ' 
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A  immBJck&h\e  tustance  of  <ievQtioii  to  this  department  of  astronomical 
wa&ac*  is  eskibiteil  in  the  cose  of  Stephen  Groombridge.  In  1800,  tliis 
imiiTidii*!  eommenced  observations  of  all  the  stArs,  down  to  tVia  eighth 
magnitiide,  situate  within  5U°  of  the  North  pole,  and  finally  completed 
Us  task  iu  the  jmx  IBIG.  These  obaenabi>us  were  made  with  a  transit 
mcle  oonstructed  by  TronghtoD.  During  the  period  included  between 
ifae  j<«krs  1816  and  18'2T,  he  \rss  eogaged  in  reducing  his  gbservBtions^ 
Iwt,  before  he  succeeded  in  bringing  hia  labours  to  a  close,  he  was  com- 
pelled hj  the  weak  state  of  his  health  to  desist  from  his  -under taking.  The 
mk of  completing  the  reductions  was  executed  at  the  expense  of  the  Govern- 
inent,  under  the  superintendence  of  Mr,  Airj,  and  a  catalogue  embodying 
the  resuha  was  linally  pabliahed  in  183d.  It  exhibits  the  mean  places 
af  AHi^  fircumpolar  stara  reduced  to  the  year  1810.  llib  is  universally 
i^juittcd  to  be  one  of  the  most  valuable  contributions  to  practical  astro- 
tmay  made  during  the  nineteenth  century. 

Tlie  astronomical  career  of  the  illustrious  Bessel  was  distingnlshed  by 
a  remarkable  series  of  sidereal  observations.  In  1821  he  commenced 
ebserrations  of  all  the  slara,  down  to  the  ninth  magnitude,  comprehended 
Wtw«eu  the  parallels  of  15°  south  declination  and  45°  north  declination. 
These  obeervaiions  were  made  in  ^ones  with  a  meridian  circle  by  Reichen- 
bacb,  the  right  asc^sion  and  dedinatiun  of  each  star  being  determined 
tt  *  aiitgle  observation.  This  great  undertaking  waa  completed  in  1833. 
The  number  of  observations  amounted  to  about  75,000.  By  means  of 
■ikiidJary  tables  appended  to  them,  it  was  easy  to  perform  their  reduction 
bkMXtf  particular  instance;  but  aiill  it  was  desirable  that  they  should  be 
exkibited  in  a  completely  reduced  form.  Tins  tjisk  was  executed  by 
Professor  Weisse,  of  Cracow,  for  all  the  stars  situate  within  the  region 
VS&e&diing  ib'*  on  each  side  of  the  equator,  and  a  catalogue  of  the  results 
ms  published  in  184C,  at  the  expense  of  the  Academy  of  Sciences  of  St. 
Petersburg.  The  number  of  litars  in  this  valuable  catalogue  is  3l,8('5, 
ndac^d  (a  the  year  1825.  The  preface  to  it  is  written  by  M.  Struve.^ 
ygafMUor  WtisM  is  at  present  engaged  in  completing  the  reductioa  o§j 
tiia  ramaintng  zoses  of  Bessel's  obseiTations.  Argelander  has  followed 
ap  Bissel's  modertaking  by  a  similar  observation  in  zones  of  all  the  stars 
imodad  between  45'^  and  du°  of  north  declination.  These  observations 
W&tt  oommeoced  in  1341,  and  were  finished  in  1844.  The  number  of 
■lus  w  about  22,000,  arranged  in  304  zones.  Tables  are  appended  to 
iicilitate  their  reduction. 

It  otight  to  be  mentioned  that,  previous  to  the  publication  of  Weisse's 
catalogue,  a  similar  catalogue  of  aturg,  although  less  estenaive,  had  been 
mblisbed  by  Sig.  Sautini,  of  Padua,  foanded  upon  his  own  ubservaiions. 
Xbe  number  of  stars  in  this  catalogue  is  1077,  comprehended  between  the 
e(|iuUor  and  lO"  of  north  declination.     The  observations  were  made  during 
tke  years  1838-39-10,     The  epoch  is  January  1,1840.    The  objtct  of 
ihia  catalogue  was  to  eslaUi^^h  a  series  of  reference  points  which  might, 
he  useful  in  extra- meridional  observations  of  new  planets  or  comets.     Foci 
this  puqioae  the  cataiogue  was  so  planned  that,  on  each  parallel  of  decli-| 
nition,  some  well-determined  star  should  be  found  at  every  eight  or  ten 
minutes  of  time.     The  catalogue  is  inserted  in  the  twelfth  volume  of  the 
"  Memoiri  of  Uie  Astronomical  Society." 
In  1827  the  Astronomical  Society  of  London  rendered  an  important 
to  practical  astronomy,  by  the  publication  of  a  general  catalogue 
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of  Stare,  founded  upon  the  moat  celebrated  catalogues  that  hare 
executed  since  the  middle  of  the  eighteenth  century.     This  catalogue  _ 
tains  the  places  of  SS31  stai's,  reduced  upOD  &  uniform  sjstem  to  th«<  |i 
of  January,  1830,     In  addition  to  tlie  ttiean  place  of  each  star,  tha 
slants  for  computing  its  apparent  place,  according  to  Bessel's  motb< 
nlfio   inserted   in   the  catalogue.      The   introductory  explanation 
Francia  Baily<  to  whom  was  assigned  the  important  task  of  selectieg  ih* 
most  tnistwortliy  values  of  the  uranographical  corrections.     The  caleali«' 
tions  were  executed  under  the  fluperintendence  of  Lieut.  Stratford, 

Hitherto  the  stars  in  the  southern  hemisphere  had  been  almost  entii^j 
neglected  by  astronomei'3  since  tJbe  time  of  L&caille.  With  the  view  of 
remedying  this  defect,  the  Government,  in  1820,  established  an  oVservatorr 
at  the  Cape  of  Good  Hope,  appointing  tlie  Rev.  F.  Fallows  to  be  iti 
director.  In  the  Philosophical  Transaetiotis  for  18^  there  is  inB^rt«d 
a  small  ctatalogue  by  that  aatronomer,  containing  the  mean  places  of  nearlj 
all  the  principal  slat's  between  tha  ssetuth  of  the  Cape  of  Good  Hop« 
and  the  SouUi  Pole. 

When  Sir  Thomaa  Brisbane  was  appointed  Governor  of  Ketr  South 
Wales  in  1821,  he  erected  an  observatory  at  Paramatta,  which  he  funushiAd 
with  excellent  instruments.  In  tJbe  same  nobis  spirit  of  disiiitei'iasUl 
liberality,  he  employed,  at  his  own  expense,  two  qudified  assistaatiy 
Messrs.   Rumker  and  Dunlop,  to  aid  him  in  liis  aetronotnical  M 

In    1832   M.   Riimker  published,   at  Hamburg,  a  small  catalogue 

stars  observed  in  the  soutlieiii  hemisphere,  designed  as  pFelistioiiT 
to  one  of  greater  extent.  In  1835  Sir  Thomaa  Brisbane  publiAbM 
a  catalogue  of  7385  stars,  chiefly  in  the  southeni  hemisphet^,  fbi  '^ 
also  upon  observations  made  at  his  establishment  at  PammfttC*. 
Rtimker  is  at  present  engaged  in  constructing  from  the  same  oolleottoa 
of  obserrations  a  catalogue  of  IS.OOO  stars. 

In  1830  an  observatory  waa  erected  at  St.  Helena,  and  Lieut,  Joh&> 
son,  a  talented  officer  who  happened  to  be  on  duty  on  tho  bland,  vi9 
appointed  its  director.  Two  years  only  elapsed,  when  a  stock  of  ollifl^ 
vations  was  amassed,  which  served  for  the  formation  of  an  admirwbli 
catalogue  of  C06  principal  stars  in  Uie  southero  hemisphere.  This  eatt* 
logue  was  published  in  1835,  at  the  expense  of  the  East  IndtA  Coto^ 
paiiy* 

In  1844  Taylor's  catalogue  of  11^015  stars,  founded  on  obeemlkH 
made  at  Madra.s  during  the  years  1833^3,  vms  published  at  tb«  ctpaw 
of  the  East  India  Company.  This  catalogue  includes  upwards  of  th«* 
thousand  Estars  situate  in  tho  southern  hemi-^phere,  obserred  with  csp«ciil 
rofcronce  to  the  same  stars  in  Sir  Thomas  Brisbane's  catalogue. 

In  the  tenth  volume  of  the  "  Memoirs  of  the  Astronomical  ^iely,*"  then 
are  inserted  the  mean  declinations  of  173  principal  stars  in  th^  vnJh^n 
hcniisphere,  reduced  by  the  lute  Professor  Henderson  of  Cdinburgb,  ftW 
his  own  observations  at  the  Cnpe  of  Good  Hope,  In  vol.  xv.  k«  hit 
given  the  mean  right  ascensions  of  the  same  stars.  Whik  on  tbs  nt^ 
,  ject  of  the  southeni  stars,  it  may  be  mentioned,  that  the  ohienralMmt  nuidt 
by  Fallows  at  the  Cape  of  Good  Hope,  during  tho  yearo  18i29>$l>-91* 
hiive  been  recently  reduced  under  tho  8upenntendeoc«  of  Mr.  Aifj,  «i 
that  from  the  results,  a  ORtalogue  has  been  oonstractod.  conudnjaf 
mean  places  of  i'-^^  stars,  situate  chiefly  in  the  southeni  b«]nJs{ilMmu 
The  oqIj  catalogues  of  stars  distinguished  by  a  high  degree  of 
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which   were  accessible  to  astronomers  in  tbe  jenr  1830,  iirerB  those  of 

BmdJey  and  Viazzt     It  was  desirable,  however,  for  purposes  of  researcb, 

03  well  AS  for  facilitating  the  practice  of  observatiou,  tlmt  a  new  catalogue 

of  equal  accuracj  should  be  coiistnicled  from  recent  observations^     In 

l(*33,  Pond,  the  Aslroiiomer  Royal,  coutiibuted  towards  supplying  this 

desiJeratutn  by  the  publication  of  a  catalogue  contaiuing  the  mean  placets 

of   XJ12   fitars  reduced  to  the  beginning  of  the  year  1S30.     In  1835, 

M.  Argelander  published  a  catalogue  of  600  stars  fotiinled  on  observations 

QUide  by  him  at  Abo,     The  epoch  is  the  ©atae  as  lljotof  Pond's  catalogue. 

In  the  eleventh  volamc  of  iho  "Memoirs'of  the  Astronomical  Society," 

there  is  inserted  a  catalogue  of  726  stars,  formed  by  Mr,  Airy  from  observa* 

tions  made  by  him  at  the  Ohservatorj-  of  Cambridge  during  the  interval 

included  beivveeu  the  years  1828  and  1835.     The  epoch  in  this  caee  also 

it  Jftnuary  1,  1830.     In  the  Greenmth  Ohservatioiia  for  1842,  the  Bame 

distinguished  a&trononir3r  has  published  a  catalogue  of  1490  stars,  founded 

m  ob:?.ervation3  toi^e  at  the  Pioyal  Observatory,  between  the  yeaiti  1838 

ond  1841  inclusive.     The  epoch  of  reduction  is  January  1,  1840. 

The  publication  of  the  catalogue  of  the  Astronomical  Society,  in  1 SS7, 
su^ested  the  desirablenesa  of  re-obscn-iog  the  stars  -whose  planes  wej'u 
lutein  given,  for  the  purpose  of  throwing  hght  upon  the  question  of  their 
proper  inotiooa.  In  the  tenth  volume  of  the  *'  Memoirs  of  the  Aslrono- 
nicjil  Suciety  "  there  is  inserted  a  catalogue  of  the  right  ascensions  of  1318 
|{*r#,  delcrniined  by  Mr.  (now  Lord)  Wrottesley  at  a  private  observatory 
vbich  he  JUted  up  at  Blackheath,  tlie  right  asoension  of  eaeh  star  being  cora- 
fftred  ftith  the  corresponding  right  ascension  of  the  Astronomical  Society's 
CiUlogne*,  A  Bimilar  catalogue  of  the  right  ascensions  of  1248  atAva 
las  been  recently  fonned  by  Lieut.  Gilliss,  of  tho  United  States  Navj, 
h  tuny  be  mentioned,  that  one  of  the  objects  proposed  by  the  American 
expedition  to  Chili,  of  which  that  excellent  astronomer  has  been  appointed 
the  superintendent,  is  the  formation  of  a  catalogue  of  all  the  stars  doHH 
to  the  eighth  niflgnitude,  situate  mthin  CO'^  of  the  Suuth  Pole. 

The  great  utility  of  the  catalogue  published  by  the  Astronomical  Society, 
nggested  to  nstronoraers  the  expediency  of  forming  a  more  extensive  cata- 
logue upon  the  same  plart,  bat  accom^panied  with  some  improvements  in 
the  details.  At  the  meeting  of  the  British  As^sociation  which  was 
held  at  Liverpool  in  1837,  it  was  agreed  to  defray  the  expense  of 
omistructing  such  a  catalogue.  The  superintendeuce  of  the  operation 
Traa  undertaken  by  Mr,  Daily ;  but  that  individual,  whoso  unpaialleled 
exertions  in  this  department  of  astronomical  science  will  not  fuil  to 
excite  the  gratitude  and  admiration  of  all  future  astronomers,  had  not 
tbe  satisfaction  to  witness  its  completion,  having  died  on  the  30lh  of  Au- 
Hmt,  lHt4,  only  a  few  months  before  the  catalogue  was  ready  for  pub- 
lication. The  British  Association  appointed  a  committee  consisting  of 
Df.  Jlobinson,  Lieut,  Stratford,  and  Prof.  Challie,  to  superintend  the  re- 
maining part  of  the  operation,  and  the  catalogue  waa  Snally  published  in 
1S4S.  The  preface  is  by  Mr.  Baily.  The  materials  of  its  construction  are 
demed  from  all  the  trustworthy  catalogues  that  have  been  executed  since 
the  time  of  Bradley.  Tlie  number  of  stars  is  837 7,  The  epoch  of  reduc- 
tion is  January  1, 1850,  This  catalogue  is  distinguished  from  the  catalugue 

^  •  hard  Wfottesley  ii  &t  present  cngagt^d  in  prosecuting  4  serfes  of  obsenraltons  with  a 
tw*  to  tlie  formation  of  a  similar  cstalogue,  which  be  purpotu  to  compare  with  that  of 
the  Britiah  Aswctatiun. 
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of  the  Astronomical  Society  in  two  importntit  particulars.    Tn  tfa^fllBt 

the  secular  va  rift  1 1  on  of  precesaiou.  boUi  m  right  asct-nsian  ftdd 

is  piveii  for  each  stuf,     Secoadlj.   the  proper  motions  of  the 

Assigned  with  as  great  ft  degree  of  n«4nieag;  to  the  tniLb,  ostho 

of  fiiderefil  astronomj  allowed.      Tins  CAtalogue  has  proT^d  of  letst 

vice  to  aslrciiomers  in  every  part  of  the  civilised  worid. 

An  important  catalogue  has  recently  issued  from  the  Greenwicli  OIimp> 
vatory,  founded  on  ohservations  miide  daring  the  twelve  years  oamiimatso^ 
with  163t>,  and  ending  'nith  1847.  On  acconnt  of  the  increesiDg  i** 
portance  of  the  subject:  of  the  proper  motions  of  the  stars,  it  hu  bail 
deemed  expedient  to  employ  two  epochs  in  tlie  formation  of  thig  rnlikifli. 
Tho  observations  naude  during  the  first  six  jcqits,  are  reduced  to  tiiaillt 
of  January,  1840;  tlie  epoch  of  the  remtiniug  observations  is  th«  OPB- 
inencen:tetit  of  1845.  Tiie  number  of  stars  in  the  cfttalogoe  »  tIAC 
Oue  peculiarity  of  this  catalogue  con<jjsts  in  the  ootistinits  of  redoetiM 
being  computed  according  to  Lbe  moditication  of  Beaael's  melbcMi,  Trhieb 
Mr.  Airy  bad  shortly  before  suggested. 

Allusion  bos  been  made  to  Mr.  Johnson's  cfttalogne  ti  H'"    •  'irf. 

This  distinguished  asiranonier,  who  was  npiwiinted  Direct* -*  iisd- 

cliflTe  Observatory,  Oxford,  upon  Uie  death  of  Prof.  Ri^Kud  in  It^^W. 
bat!  been  enrjuged  for  8e\'eral  ypara  iu  re  observing  the  circumpolartttR 
of  Groomhridge'a  catalogue.  This  great  undertiikiDj;  is  now  a!i  M 
completed.  The  number  of  stars  ohserveti  wilt  exceed  the  number  is 
Groofobridge's  catalogue  by  about  2000,  The  epoch  of  redaetixnt  is  fc 
beginning  of  1B45.  A  comparison  of  this  catalogue  witk  Oroomlnlgili 
CAnnot  fail  to  lead  to  results  of  great  importance. 

In  addition  to  the  i^atalognes  of  sLors  allud«d  to  m  tbd  feregtnn^  figtfl 
accurate  catalogues  of  a  select  number  of  sIai^  have  been  fonIl(^d  eit  m^ 
observatory,  both  iu  this  country  and  on  the  Continent,  T^here  mendiMit 
observations  form  the  chief  object  of  attention.  Apart  ftoia  ti^fpibri 
utility  of  these  catalogued  in  so  far  as  the  practice  of  obsoTVltitti  iico*' 
eenied.  they  have  in  many  instances  been  employed  in  mom  of  tfaeffM^ 
delieata  researches  of  modem  ostronomj*. 


CHAPTER  XX. 

Early  Nolion»  of  tite  Teieftinpe.— Tnvcniion  of  tH«  IVle-HXipe  in  llBJIwii     rilf*~ 

coWitructs  a  Telfwope.— Kejiier  prtiposi*  \hv  1"  catnpowd:  of   Two  ()•■■ 

Lensci,  — TliSit  tttf^trumcnt  first  stipiu-d  l<j   A-  Puipoice  bj  Gicoipfc  " 

Tcletcoptc  CMtscttmiion*  of  Huyphrrt*  and  Ct-- —  ii,Utfctinff  TdfwnM  fiPf^ 

by  Gre{[nry. '  Newton  Otreiitrs  a  Ili'Arcting  Tc](»ca|w,^EffWt»  of  bh  CTM«e*»^ 
©onulTUft  iheie  Itittrmnciirt,-  [nri^iitkm  of  tlie  AduQimlto  Tck;sC<itH»  \\t  Odlfli^ 
Rcflectmff   Tcl«copct  tseculed  by  HcncbirL —  Mtnlftni  Jiiifi  i  ite  1^ 

fractina  Toletcone.— Impruvi^mctiti  iti  the  Cunttructioii  of  Rii..  .    ^uMf* 

LmelL — Lord  Rimk, 

Ta£  teU^copd  is  Justly  considered  to  be  one  of  the  ntiblesl  wmiiiiwi 
which  the  atinald  of  luiinan  ingonuity  cait  boaj»t  o£     By  it»  tmeni  ifei 

*   1l  ttrny  Ik  •Istcdi  xm  illmlnilioti  of  ihU  nmwK .  ■■  -'    ■'  --italogu*  el  mmt^HA 

Bc9<ict  ciiiixt'Uf'lt'il  frttni  1a«  own   ohKTUitl^ins  ml  rmplMMi  btUsk 

CDtaLiiDntion  i^'iih  ibi'  obPL-niiHuiiR  of  Briiilk'y  iit>  'lebniliMl  tmvMtada 

ot  the  (]unniif)'  anit  Uws  ol  Krf>c^*»mii.  Agntci,  M,  Olii)  Suuvl-  hat  aTRUiHl  htRUW  a'* 
■ttull  cAUitigup  ii  vtfint  rMUDtlcd  on  litHervat^uiiA  n»tk<  «1  Dwiwi,  ta  hte  tmwmn  MMtichM 
on  lbe  umic  tulyecl,  in  comiesioii  mlih  (be  grest  itrablam  u  lira  MortiK  «f  lb»  iitr 
Sjitcm  ill  »(»K;fc 
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£&tAiit  regions  of  spac-e  bave  beon  unveiled,  and  views  of  ihe  materiftl 
UDiTiBTse  have  been  oliliiined,  surpftssing  in  splendour  the  most  day^dJDg 
pictoTes  of  the  ioiagiimtion.  Its  peneti^ling  power  baa  revealeti  to  iis 
At  ttstoni^itig  fact,  that  far  beyond  iho  viHible  confines  of  the  siariy  tir- 
Mment,  tbere  exist  couniless  najriadii  of  Buns  and  RjBtems  of  Sana,  each 
af  dwoo  |E;loriou9  Imniimnea  being  in  nil  probability  tlie  centre  of  a 
wmtBKms  cortege  of  revolviug  trorlds.  Nor  bas  its  influeace  been  lees 
t|i|Mretit  iu  conduciing  tlie  mind  to  jueler  ideas  refspectin^  tlie  ejrstem  of 
irtuch  oar  own  planet  fonaa  a  part.  The  sun,  which  the  ancient  philo* 
■upbers  supposed  to  be  merely  a  resplendent  orb  composed  of  a  pure  and 
iiBiiiACulB.le  substance,  exhibits,  when  viewed  with  the  telescope,  nnequi' 
TDOfti  txsoes  of  a  compiex  orgaoizaiion,  acconipaiiied  with  continual  fluo- 
taMtiims  io  its  physical  couditiou,  suggesting  the  sublime  idea  of  its  being 
ibe  ajbodt  of  iimumerable  objects  of  creative  wisdom  and  beneficence. 
Tte  planets,  whose  structure  Beemed  to  l*  equally  mysterioui  with  their 
aorf  evDeMts,  have  been  tnansfortned  from  &o  many  iDMgnilicant  specks  of 
Kghit  to  an  assemblage  ot  msgnihcent  worlds,  presenting  numerous  points 
af  Bxuiogj  to  the  earth,  end  atTbrdit^g  thereby  irrefragable  evidence  in 
bvoor  of  the  Pythagorean  Bystem  of  the  nni verso.  Even  the  loftier 
naearcfae^  of  physical  astronomy  are,  to  e  great  extent,  dependent  on  the 
tnialations  of  the  telescope.  Many  of  the  beautiful  conclusionB  that 
kne  been  deduced  from  the  theory  of  gravitation  would  fail  to  excite  any 
JMOfOft  in  the  mind  of  the  enquirer,  and  the  geometer  would  be  deprived 
(f  MMba  of  his  noblest  triuTnph&.  if  the  telescope  were  not  availuble  to 
taM  tbeir  real  counterpjirt  in  the  heavens. 

Tbe  deep  interest  associated  with  the  revelations  of  the  teleeoope  baa 
edlo4  forth  a  variety  of  epeculatious  respecting  the  probable  epoch  to 
Ultieii  ita  origin  may  be  referred.  Some  persons  have  pretendeil  to  diB- 
Oover  iu  the  writings  of  the  ancient  philosophers,  indubitable  [troof  that 
tlba  telescope  is  not  a  modern  invention.  Tbua  it  has  been  asserted  that 
JpitfnoocatBS.  who  announced  that  the  Milky  Way  is  comjxised  of  a  vaat 
IHitlbii46  <jl  stars,  could  only  have  been  led  to  form  8uch  an  opinion  b^r 
«a  actoal  axamination  of  the  heavens  wtli  the  telescope.  We  are  not 
'Wacraubedi  however,  in  drawing  &o  important  a  conclusion  from  a  ca&nal 
icnark,  however  sagacious,  any  more  than  we  should  be  justified  in 
iwtaaiag  that  Seneca  wns  in  pos^ef^sion  of  the  discoveries  of  NeMon, 
^•CMwebe  predicted  that  comets  would  one  day  be  found  to  revolve  » 
]|iewmiie  ori^its.  The  same  con.'iidc ration  applies  to  various  other  pas- 
aagss  dted  from  the  Greek  and  Latin  writers,  upon  the  strength  of 
vliiBb  attempts  have  been  made  to  assign  a  high  antiquity  to  the 
Miaipcpe. 

Wbee  'ire  noma  down  to  modern  time;;,  we  llnd  the  inveiition  of  tb& 
talMoopO  claimed  for  a  still  greater  number  of  jierRons  who  flourished 
sntetior  to  the  epoch  to  which  its  origin  is  usually  referred.  Among 
llktM  tliere  is  no  individual  wlio  appears  to  have  made  so  nenr  an  Bjiproaeh 
to  the  invention  aa  our  celebraitd  countryman,  Koger  Bacon.  In  the 
iallomng  jiassage,  extracted  from  bis  Optiit  Mffju^.  he  deacribes  tbe  phe- 
nomena depending  on  the  refntction  of  light  by  leni^es  with  no  much 
truth,  that  we  should  almost  feel  justified  iu  n«cril<ing  to  him  some  share 
lift  tbo  iniseiilion  both  of  the  telescope  and  rnicroscope.  "  Gienicr  things  than 
tlMSC  »ay  be  pcrfurmed  by  refracted  vision.  For  it  ias  easy  to  understand  by 
tbe  canons  above  mentioned  that  the  greatest  things  may  appear  ejiceeding 
small,  and  the  coutrmty.    For  we  can  give  such  iigureii  to  tran:<parent 
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bodies,  and  dispose  them  in  sucli  order  with  respect  to  the  eye  jtm 
objects,  tJiEt  the  rajs  shall  be  refracted  and  bent  to  wards  any  pi 
please ;  bo  that  wo  shall  see  the  object  tteiur  at  hand,  or  at  a 
under  any  angle  we  please.  And  thas  from  an  incredible  disi 
Difty  read  the  stnallest  letters,  and  may  ntimber  the  smallest  partii 
dust  and  sand,  by  reaBon  of  tJie  greatness  of  the  angle  undof  w 
may  see  thera  ;  and  on  the  contrary,  we  may  not  be  able  to 
greatest  bodies  close  to  us,  by  reason  of  the  emallness  of  the  aogle 
which  they  may  appear ;  for  distance  does  not  affect  this  kind  of  visioo, 
except  by  accident,  but  the  magnitude  of  the  angle  does  so.  And  tltitti 
hoj  may  appear  to  be  a  giant,  atid  a  man  a^  big  as  a  motmtiun,  for  u 
much  as  we  may  see  the  man  under  as  great  ati  angle  as  the  monnlua.  tai 
as  near  as  we  please  ;  and  thua  a  email  army  may  appear  a  ^erj  i^reatooe, 
and  though  very  far  off,  yet  very  near  to  us,  and  the  eontrary,  Tb«s  alsc, 
the  Bun,  moon,  and  stars  may  be  made  to  descend  hither  in  appeonuiA 
and  to  be  visible  over  the  heads  of  our  enemies,  and  many  things  of  tlielikff 
sort,  which  persona  unacqiiftinted  with  such  things  would  refuse  tobtdieTe."' 

The  following  passage,  extracted  from  the  preface,  written  by  Thooiu 
Digges,  to  the  second  edition  of  the  Pantomelria  of  his  futher,  Leotiwd 
Digges,  would  also  aeem  to  imply  that  telescopes  were  not  unknawti  in  Eae- 
land  previfjua  to  the  seventeenth  century ; — "  My  father,  by  hii  cootioucli 
painfull  practices,  assii^ted  by  demonstrations  mathematical,  was  ab]e,ud 
sundrie  times  hath,  by  proportiounl  glasses,  duly  situate  in  conwuiesi 
angles,  not  only  discovered  things  farre  off,  read  letter:},  numbered!  |ii««» 
of  money,  with  the  very  coyne  and  superscription  thereof,  ntst  by  Maaerf 
hia  freenda  of  purpose  upon  downs  id  the  ojieu  fields,  but  aJsu  seven  oil® 
off  declared  what  hath  been  doone  in  private  places,"  Some  remarkiU^ 
passages  to  the  same  effect  are  to  be  found  in  Dec 'a  preface  to  the  cditafl 
of  Euclid,  published  by  him  iu  1570. 

There  are  also  two  Italian  philosophers  who  deserve  to  be  oaealMiMi 
in  connection  with  the  invention  of  the  telescope.  Battiata  Porti,  h  hi* 
Maijia  Naturatis,  originally  published  in  1561,  renuirks  that  by  eoi&^io^ 
together  convex  and  concave  lenses,  objects  may  be  seen  enlarged.  H* 
then  proceeds  to  describe  an  instrument  capable  of  being  fonstmctodDfM 
thia  principle,  but  his  language  is  so  utterly  obscure  as  tu  drfy  intetpR- 
tation.  Again,  Antonio  de  Dominis,  Archbishop  of  Spalatro,  in  A  PoA- 
humoua  worlt  entitled  De  Badiit  Visus  c^c,  which  vnis  publi^liMl  is 
1611,  traces  very  clearly  Uie  progress  of  rays  in  pa^aing  iliruagh  odd»«* 
and  concave  lenses,  and  remarks  that  by  placing  one  of  each  kind  il  * 
certain  distance  apart,  the  direct  and  refracted  rays  will  not  <."t.-rf.^rf  nt)i 
mch  other     He  adds  that  the  proper  distance  between  ('  •*■ 

must  he  found  by  experiment,  and  that  the  effect  of  theif  aviiui^iuc..*  nU 
be  to  magnify  objects  by  increasing  the  angle  under  which  laof  U9  «<■• 
It  \3  to  be  bonie  in  mind,  that  this  work  wai  published  nt  ''^^  ^^ 
tho  invention  of  the  telescope  waa  already  notorious  tliruu  |* 

Bartolo.  the  editor  of  the  work,  states,  however,  in  the  pri;  :   ctJU 

manuBcripts  communicated  to  him  by  the  author  had  been  v.n'.i,  ■  i'-««f 
yeara  prenously,  nnd  that  be  received  full  authority  from  hus  to  poUv 
them  mth  tht  n-ddition  of  one  or  tvto  chapters, 

Notwithstaiiding  the  plausible  statements  oont.iincd  in  tlit  iwvo* 
PMWIges  above  cited,  there  does  not  exist  dear  pnwf  thai  tlio  ipMaM- 

•  Opiu  M^ut,  Pui  Tciti*,  caput  ir.,  p.  357*     Lon4j  ITM 
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torn  of  aDj  of  the  individuals  alluded  to.  conduced  to  pracUca]  results, 
xid  ilierefore  we  caimot  be  justified  in  awarding  to  eitLer  of  them  the 
lODOur  associated  with  the  inveution  of  the  telescope. 

It  hfts  long  been  generally  admitted  that  telescopes  were  first  made  in 
lolbmd,  about  the  beginning  of  the  seventeenth  century  ;  but  the  question 
nth  reapect  to  the  real  author  of  the  invention  bus,  until  very  recently, 
i«en  inTolred  in  much  obscurity.  Three  persona  have  been  generally 
tteationed  as  posseting  dtslinct  claims  to  this  rouch-con tested  honour. 
[1aeB«  we,  Henry  Lipperhey  and  Zacharias  Janeen,  spectacle  mallei's  in 
bi8  town  of  Middleburg,  and  James  Melius  of  Alkuiaer,  a  boo  of  die 
QStbematiciau  of  that  name,  celebrated  for  having  been  the  first  wlio 
xpressed  the  relation  between  the  diameter  and  the  circumference  of 

circle  by  the  numbers  113  and  355. 

Deacartes,  in  liis  treatise  on  Dioptrics,  published  in  the  year  1637, 
bos  alliides  to  the  origin  of  the  telescope :— "  II  Is  now  about  tliirly 
ears  since  a  per^n  named  James  Melius,  tirho  never  studied  at  all, 
Itboogh  bis  father  and  brother  were  byth  professors  of  mathematics,  hut 
'ha  look  pleasure  in  constructing  mirrors  and  burning  glasses,  of  which 
e  bad  many  of  various  forms  in  his  possession,  thought  of  looking 
■QiQg^  two  lenses,  one  convex  and  the  other  concave.  These  happened 
B  one  occasion  to  be  situated  at  the  proper  distance  for  magnifying 
ig«cts,  whereupon  he  applied  them  to  the  ends  of  a  tube,  and  in  this 
uraner  he  constructed  the  first  telescope/' 

Sclijrldeas  de  Bbeita,  the  Capucin  friar,  gives  another  account  of  the 
tvention,  in  a  work  published  a  few  yeara  later*.  He  states  that 
slesc<ypei(  were  first  made  by  Lipperhey,  whom  he  calls  Lippensnno,  and 
tt  refors  ttie  date  of  the  invention  to  the  year  1009.  Lipperhey,  hap- 
mutig  to  place  a  concave  before  a  convex  glass,  discovered  by  accident 
p«t  tbe  treatbercock  of  a  neighbouring  church  and  other  objecta  appeared 
OUier  and  larger.  Having  fitted  the  glasses  iji  a  tube,  he  phiced  tbe 
istntment  in  his  shop,  and  amused  his  customers  by  Bhowing  them  the 
mguified  image  of  the  weathercock.  The  Mai'quis  of  Spinola,  who  was 
tien  at  the  H«igue.  bought  the  instrument,  and  presented  it  to  the  Arch- 
uke  Albert  of  Austria,  by  whom  the  great  utility  of  the  invention  was 
ret  made  known  to  the  world. 

Daring  the  early  part  of  the  seventeenth  century  numerous  con- 
.ieting  accounts  circulated  throughout  Europe  relative  to  the  origin  of 
he  invention,  which  was  in  all  cases  alleged  to  be  due  to  accident.  It 
i  singular  that  so  much  uncertainty  should  have  prevailed  respecting  an 
vent  of  so  recent  a  dale.  In  1855,  Pierre  liorel,  physician  tollie  French 
.ing.  pablished  a  work  at  the  Hague  f,  professing  to  contain  authentic 
oniirulars  relative  to  tliisi  mucb-difiputeci  question,  He  had  token  con- 
idemble  pains  to  collect  all  tbe  evidence  which  might  throw  any  light 
pon  tiie  matter,  and  be  was  warmly  seconded  in  this  olject  by  William 
k>reel>  tbe  Dutch  envoy  at  the  Court  of  France.  He  searched  out  five 
ndividuiila  who  were  personally  acquainted  with  the  reputed  inventors  of 
ho  tele^ope,  and  induced  them  to  make  public  declarations  on  the  dub- 
Bct  of  the  invention  before  the  mflgistrates  of  Middleburg,  The  work 
bove  referred  to  contains  the  details  of  the  eramlnation  of  those  persons, 
ogethtr  with  a  letter  of  William  Boreel  s  relative  to  the  same  aulject.  Two 
iviluesses  deposed  in  favour  of  Jansen,  but  they  differ  in  the  dates  thej 

■  Oculus  Enoch  et  EIik,  Antvcfpiie,  1645. 

t  De  Tero  TelescDpii  iDventore;^  Hag.i-<tot  1(155. 
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assign  to  the  invention,  cue  of  tlicni,  bis  son,  filing  it  in  the  Tear 
wkile  tlie  other  witness,  Ms  sister,  brings  it  down  to  Itill  or  161V. 
other  three  witnesses  declared  tbut  Lipperfaej  wa&  tb«  ^(igiiial  i 
one  of  tliem  asserting  that  be  made  tsleacopes  before  tJi«  5«ar  ltQ§, 
the  other  two  fix  the  lavaation  in  the  jenr  1609  or  IfilO.     The 
tiotis  of  these  persoas  are  so  ini  perfect  and  coutradictofy.  UmU  lilSJ« 
reliauce  can  be  placed  on  thein. 

Tha  teatimouy  of  Bo  reel  ia  more  deservioi^  of  ettemtion.     H<»  «•» 
lions,  in  liia  letter,  that  he  kuew  Zochoriaa  Jansen  peraonally^  iui4  U 
often  heard  tliat  he  and  hi.'^  father  were  the  real  iuventors  of  the  inidw- 
scope.     Wbeu  be  w&s  iiu  England,  in  the  year  IGID,  he  saw  is  the  hiaii 
of  ComoUus  Drehbel,  his  frieud,  the  very  microscope  which  hud  hiti 
given  h^  tliem  to  the  Archduke  Albert  of  Austria.     Bort»el  tfcafl  em- 
tinues  :—*'  But  long  after,  in  1610,  after  much  re^enrch,  thest  ia^tididi 
invented,  in  Middleburg,  the  long  sidereal  telescope  with  vrhicb  ••  pm 
at  the  inoou  iind  planets,  and  preaented  one  of  them  to  Princn  Uumoe. 
who  deemed  it  prudent  to  coueeul  the  invention  in  order  to  looke  mmi 
it  in  railitarj  operations.     While  rumours  were  abroad  regarding  lb 
iuvention,  n,  stranger  came   to    Middleburg,   and    having   asked  Ut  t 
spectacle  maker,  waa  shown  by  mialake  into  Lippcrhey  a  §hop.     Fraalln 
questions  put  by  the   blranger,  Lipperhej,  being  a  shrewd  ttiiax,  dm 
enabled  to  detect  the  construction  of  the  instrument,  taA  bajxtiig  t»- 
ceeded  by  this  means  in  making  tekscopes,  he  was  generally  eonnliml 
the  read  inventor  of  them.     However,  tlie  mistake  was  aeon  diicovttfJ. 
for  Drebbel,  upon  bis  return  to  Holland,  proceeded  with  Adrian  Metxu 
to  Jausen's  shop,  and  purchaied  telescopes  of  him." 

It  follows,  thtn,  &am  BoreeFs  letter,  that  Jansen  iaf-entad,  fint  d** 
microscope,  and.  after  the  lapse  of  aeveral  years,  the  telnscope,  Tto 
account  tends  in  uoroei  degree  to  recuneile  the  <:ouflicuiig  suitetiuoit*  ^ 
liie  two  witnwseg  who  deposed  in  favour  of  that  individuiil :  bat  iviMd 
ibe  nkole  evidence  contained  in  Boreola  book  id  of  ^o  meagre m} ■&> 
ntis&ctory  s  character,  as  to  leave  the  question  relative  to  t)w  aeiwl 
inventor  of  the  telescope,  still  open  to  dispute. 

In  the  Ural  vutttme  of  the  "Journal  of  the  lix)yal  lQatittition,*'paUiiM 
in  I8;ii.  tliere  appenied  an  interesting  communication  from  Dr.  Mllli" 
Utrecht,  v^latiny  lo  tlie  invention  of  the  telescope.  The  materiala  «f  to 
paper  are  due  to  tlie  reseaiches  of  Veid  Swindea,  who  had,  tacrg(4wt  ■ 
discovering  some  authentic  rot-ords,  which  sen'o  to  remove  miBOh  4^  ^ 
obscurity  that  has  hitherto  prevailed  respecting  the  reil  Mthar  of  da 
invention. 

In  the  library  of  the  University  of  Leydtn  tli&ra  exists,  ■awf^  ^ 
maunscripts  of  Unygbens,  ati  original  copy  of  a  petition  Mot  to  (^ 
States  General  by  Javob  Andrianzouu.  the  ptraoii  whom  Disaoartea  <»tt* 
James  Metiu^.  Thb  petition  i«  d«t«d  Oelober  17,  lt^<)><,  Theoigucio' 
it  is  lo  obtain  the  exclusive  ri<;ht  ol  MlliBg  an  in&trumoiit  Uo  lutl  >>* 
vented,  by  means  of  \shich  distant  bcdiea  appeartd  loiiger  aiui  W 
distinct.  Ho  declares  that  the  idea  of  th«  in9tf\it»«iit  oceurnd  1»  !»• 
accidentally,  while  he  was  engaged  in  making  other  r>«prrim«atA;  tkit^ 
aft^iwurda  liestowed  much  nttt>ijtioii  on  the  sidiject,  uini  Itud  M^tMitiB* 
Su*  in  bringing  the  iuventiun  to  maturity,  us  to  mak'  ippo  ■ 

viHJbli?  and  distktet  ^hU  inatruuient,  aa  could  be  douo  s  AJitd^ 

had  hfi'tt  httchf  fljftrreii  to  thit  States  hi/  a  cittsen  <tnd  tptctutlt  m yW ^  W^' 
dfeiiurtf.  MeiiiH  v.m  exhorted  to  bring  biu  instlttiaeAl  to  graaltr  |NrfK> 
tion,  vihtu  bis  petition  (or  a  fnvilsfa  would  ht  tftken  inis  opBtidtntiOB* 
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Anidog  the  Acts  of  the  States  General  preserred  in  the  Goverument 
Aneiiiines  ai  the  U«gue,  Van  Swindeu  found  some  interesting  docuoieiita 
ralttUTe  to  the  spectacle  maker  of  Middleburg,  aliuded  to  in  the  petition.] 
«f  Meiiie.  On  the  2nd  of  Octuber,  1008.  the  Assembly  of  tlie  Slates 
took  into  eoimder&tion  the  petition  of  John  Lipperhej.  spectacle  maker, 
a  native  of  Wesel,  and  an  inbaUitant  of  Middleburg,  inventor  of  an  in- 
illSBieQt  for  seeing  at  a  distance.  A  comiuittee  \xtiH  appointed  to  confer^ 
vidl.  lAppeihty,  for  the  purpose  of  ascertaining  irhether  it  might  not  be 
to  improve  the  instrument  so  as  to  enable  one  to  look  through  it 
,  On  the  ith  of  the  same  month  it  was  resolved  that  i^f^rtain 
liters  fshotild  te«t  the  iti»trutiient  of  Lipperhev,  bj  observing 

from  the  turret  of  Prince  jSIauritfes  mansion.      It   was  further 
Ited.  thftt  if  the  perspective  should  be  found  useful,  an  engagement 

beeuteredinto  with  iheinrentor,  to  ex.eoute  three  auch  instruments 
«i  rock  «rjratal,aDd  that  he  shouJd  be  enjoined  not  to  divulge  the  inTentioa 
to  Wtiyhody.  On  the  6th  of  the  same  tnonth,  the  Assembly  agreed  to  give 
[ti«|liiihij  900  florins  for  such  an  instrument  On  the  15th  of  December' 
mflf  examined  the  instrument  invented  by  Lipperhey  to  set  xeUh  both 
1^^  and  approved  of  it ;  but  as  many  others  had  a  knowledge  of  this 
m»m  izLT^ntioa  to  see  at  a  distance,  they  did  not  deem  it  expedient  to 
^raai  him  an  cxcJusive  privilege  to  execnte  such  instruments.  How- 
ffvsr.  lilej  ^1^0  him  orders  to  execute,  for  the  use  of  the  GovemmeBt, 
ivo  oibitr  ii^tnimeuta  to  &m  with  both  eyes,  allowing  him  the  same 
mniuemitjoi]  for  kis  serrices  as  in  the  first  instance. 

evidence  afforded  by  the  documents  found  among  the  nianuscriptd 
iHuyghens,  restores  to  James  Itletius  bis  right  to  the  invention  of  the 

70,  which  had  not  been  taken  notice  of  in  Bore  Is  book,  and  was 
>ly  allowerL  in  consequence,  to  fall  into  oblivion.  It  would  aeeai] 
bom  tke  ^nie  docuniettt,  that  the  telescopes  of  Metius  could  bear  a 
camfmrmon  in  point  of  eflicieney  with  those  constructed  about  the  same 
lima  by  another  individual.  However,  as  this  statement  rests  entirely 
upon  bis  own  authority,  uud  as  he  does  not  ap{>ear  to  have  given  the 
benefit  of  his  invention  to  the  ivorld,  ve  cannot  consider  his  labours  to  be 
Wtitled  to  much  consideration.  The  other  documents  prove  that  Lip- 
p(r  in   pofisessiuu  of  the  invention  as  early  as  October,   1608, 

atiii  i'-*  that  he  could  not  have  been  indebted  for  lib  views  on  tfaa 

attl{)et-t  to  Jansen,  who,  accordiitg  to  William  Boreel's  letter,  succeeded 
in  coftstructing  telescopes  only  in  the  year  16  JO.  No  mention  of  Jansen 
canld  he  found  iu  any  of  the  State  llecorda,  and  as  his  right  to  the 
enginal  invention  of  the  telescope  is  set  aside  by  the  authentic  documents 
in  fiuour  of  Lipperhey,  there  only  remains  to  bo  claime*!  for  him  the 
inrentiou  of  the  n^icroscope,  upon  the  evidence  set  forth  in  Bore  Is  book. 
We  may  conclude,  then,  tliut  Lipperhey  was.  the  person  who  originally 
aaeoulod  telescopes,  and  also  tliat  he  was  the  first  who  made  them  known 
to  the  world  -,  and.  ibepefore,  npon  these  grounds  he  posaeeses  a  just 

tta  to  the  honour  associated  with  the  invention. 
I  is  quite  clear  that  Lipperhey  must  have  been  no  common  artizan.  from 
adapting  bis  invention  so  readily  to  liie  views  of  the  Assembly  of  the 
&tate«  General.     The  worthy  individuals  composing  that  Assembly  were 
by  no  means  satistied  with  an  iustromeut  that  was  destined  to  penetrate 
into  the  immenaty  of  space,  and   roveal  the  existence  of  unnumb©re4  i 
worlds,  unless  it  was  so  executed  as  to  enable  them  to  see  through  it  withi 
^Oili  eyes.      We  have  seen   tint  a  telescope  of  this  construction  vthaI 
JlHj  supplied  to  them   by  Lipperhey,  and  that  npon  its  being  sub- 
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mlttcd  to  trial,  it  was  cordially  approved  of  by  the  Committee  of  ihdr 
Highuesses,  It  appears,  then,  that  thia  itigeuiousi  indiYidoal  ws*  tbe  ftwl 
person  who  executed  ihe  binoculua,  ati  lustrumGnt  tha  inventiQU  of  trfudi 
hn3  been  uaitally  ascribed  to  De  Ebeita.  Lipperhej  doubtless  fell  vpOQ 
the  ooDstructioa  of  tlie  telescope  bj  comhinirtg  together  lenses  in  vnriovi 
-ways,  as  we  may  easily  conceive  that  an  optician  might  b©  induced  tp  A». 
Attempts  have  been  made  to  depreciate  the  merit  of  the  Duteb  inv«iilor. 
on  the  ground  that  hta  discovery  was  made  bj  fhance.  There  existt^ 
indeed,  no  reftson  to  suppose  that  he  was  acquainted  with  the  priitcuplfli^ 
whether  mathematical  or  physical,  upon  which  llie  construction  of  ibt 
telescope  depends,  or  that  he  was  indebted  to  a  knowledge  of  those  prip- 
ciples  for  tlie  admirable  result  at  which  he  arrived  ;  but  Low  fevrot&mi 
discoveries  or  inveutiona,  either  in  the  arts  or  sciences,  have  been  aichufTMl 
by  the  aid  of  purely  theoretical  considerations;  and,  on  llie 
how  many  have  been  suggested  to  their  authors  by  circumstaaces 
rently  uuconnectad  with  the  object  of  their  researdies,  an  J,  therefoi 
ft  certain  extent,  fortuitous !  But,  in  fact,  this  circumstance  of  aocid 
discovery  is  no  other  than  the  result  of  that  sagacious  observation  whidi 
distlnguishea  one  man  from  a  tuulutude  of  others,  and  enables  bim  to 
select  from  the  multilude  of  objects  that  claim  his  attention  such  relatiwa 
as  possess  a  character  of  generality  that  renders  them  aubservient  is 
extending  the  conq^uests  of  the  human  mind  over  tho  material  wortd. 
Theoiy  servea  to  develops  piinciples  that  have  been  already  estabHs.h«-«i  hj 
induction,  and  in  this  nianuer  acta  the  part  of  a  valuable  guide  to  the 
discovery  of  derivative  truths  ;  but  in  attempting  to  penetrale  the  secrfU 
of  nature,  or  in  devising  new  comhinationa  of  prisiciplea  wiUi  a.  vwtr  to 
the  attainment  of  any  specific  end,  the  miud  must  rely  maiuly  ou  in  otti 
innate  sagacity. 

Galileo  Ims  related  the  circumstances  under  irhich  he  ftrEt  htcuoe 
acquainted  with  the  invention  of  the  telescope,  and  has  also  giveif  an  Mceont 
of  his  early  efforts  to  construct  one  of  these  instruments.  Uapp«mii{| to 
be  in  Venice  in  the  month  of  May,  1600*,  he  learned  io  that  city  Uwt* 
Belgian  had  invented  a  perspective  instrument,  by  mcaus  of  which  di** 
tant  objects  appeared  nearer  and  larger.  This  report,  which  W(w  aooa 
confirmed  by  a  letter  he  received  from  Paris,  excited  an  intense  interest 
in  his  mind,  and  upon  his  return  to  Paduu  be  begnn  to  ponder  upoD  ^ 
probable  mode  by  which  such  an  Glfect  could  be  produced.  U»  i^ 
covered,  upon  the  very  night  of  his  arrival,  that  the  enlargeiocDt  ot^ 
object  depended  upon  the  doctrine  of  refraction,  and  on  the  fctllwtt  icg  tW 
he  made  Ilia  first  attempt  to  execute  an  instrument  upon  thi--  iiriiii'tt!^ 
Having  procured  r  leaden  tube,  he  fitted  in  ono  of  its  cxtren  J* 

oonvex  lens,  and  iu  the  other  a  plauo-concavo  ono,  and,  1^  '^ '  ■•'■* 

eye  to  the  concave  lens,  be,wji3  delighted  to  perceivo  v\  ■  !> 

mogtiified,  They  appeared  to  bo  three  times  nearer  mui  imih-  u-^* 
larger.  He  immodiaiely  gave  intimation  of  bis  success  to  hi*  frieiul*  * 
Venice,  vtith  whom  he  had  been  conversing  on  the  subject  th«  prerioia 
day.  Having  succeeded  a  few  days  afterwards  in  making  a  btittor  i"* 
strumeiit.  he  joyfwUy  proceeded  lo  Venice,  taking  it  with  him.  Thfl 
perspective  of  the  Paduan  philosopher  soon  became  an  object  of  umyttm 
admimiion  in  Venice.  In  order  to  afford  the  senators  of  the  repuUw  • 
priicticftl  proof  of  its  efficiency,  Galileo  accotnpftniod  tJiem  to  the  man 

■  Thii  it  infcrn-d  tram  the  expresnon  "menHbua  ttbliine  de««n  frit/'  tiwd  kf  k»" 
jQ  the  Sidereu$  iVuiciiti,  tlui  iledicaimi  of  which  U  tklod  March,  lOlO. 


HI6T0BT  07  FBfSIOAI.  ^TBOKOUI. 


ssr 


eleT&ted  parta  of  the  city,  whence,  hy  looking  through  it,  Ihey  surreyed 
the  Tarious  objects  of  the  surrotinding  laodscape  with  iaexpresgible  sur- 
prise and  delight.  Daring  the  whole  period  of  hia  residence  at  Venice* 
vhich  extended  to  a  mouth,  he  was  besieged  from  morning  to  night  lij 
crowda  of  the  inhabitants,  all  eager  to  have  a  peep  through  the  won- 
derfal  glass.  He  had.  not  jet  divulged  the  Becret  of  his  invention,  but, 
VFith  his  wonted  liberality,  he  now  communicated  it  to  the  public,  and,  at 
the  Boggestion  of  one  of  his  friends,  he  presented  the  instrument  itself 
to  til©  Doge  Leonardi  Deodati,  who  accepted  it  from  him,  sitting  in  full 
cooncU.  He  accompanied  it  with  a  paper,  in  which  he  gave  an  cxplnna- 
tioa  of  its  construction,  and  of  the  important  pui*pose3  to  which  it  might 
be  applied  both  oa  knd  and  at  sea.  The  Senate  iudtcaled  their  appre- 
dation  of  this  novel  compliment  which  Galileo  paid  to  the  chief  magia- 
tiate,  by  increasing  his  salary  as  lecturer  in  the  University  of  Padoa  to  1000 
florins,  and  oppointiug  him  to  bis  office  for  life. 

Galileo's  object  now  was  to  construct  a  telescope  of  BUperior  magnifying 
power.  This  he  found  to  be  a  tusk  of  very  difficult  accomplishment,  for 
the  art  of  grinding  and  polishing  lenseg  was  then  in  its  infancy.  We  have 
seen  that  at  his  first  trial  the  instniment  made  objects  appear  three  times 
nearer  and  nine  times  larger ;  in  other  words,  it  amplified  three  dmes  iu. 
litiear  dimensions,  aud  nine  times  in  superficies.  Soon  aftenvai'ds  he  made 
another  in^rument  which  magniBed  sixty  times  in  surface ;  and  finally, 
sparing  neither  application  uor  ej^peuse,  he  succeeded  in  exectiting  an  in- 
strument of  Gtich  excellence  as  to  represent  objects  almost  1000  times 
laj^^er,^  aud  above  80  times  nearer,  Hum  they  appeared  to  he  by  tlie  natural 
power  of  the  eye  •. 

He  points  out  a  simple  method  of  determining  by  experiment  the 
nMgiiiJyuig  power  of  the  instrument,  "  Place,"  aajs  he,  '•  upon  a  wall  at  a 
certain  distance,  two  diaks,  one  of  which  you  will  observe  with  the 
telescope  and  the  other  with  the  naked  eye.  If  the  disk  seen  through 
the  telescope  appear  equal  to  the  external  one.  tho  magnifying  power 
of  the  instrument  is  in  tbe  proportion  of  the  two  disks.  If  they  do  not 
appear  et^ual,  the  external  disk  must  be  enlarged  or  diminished  until  thi 
result  takes  place,  and  then  the  magnifying  power  will  be,  as  alr( 
mentioned,  in  the  proportion  of  the  two  disks." 

Galileo's  best  telescopes  did  not  magnify  more  than  thirty- two  or  thirty- 
Bree  times.  Previous  to  the  invention  of  achromatic  object-glasses,  thi 
Vms  the  highest  magnifying  power  that  was  attainable  with  telescopes 
fhe  form  of  coustruction  employed  by  Mm  and  his  contemporaries.  The 
tiitunpbs  of  genius  are  signally  illustrated  in  the  multitude  of  beautiful 
discoveries  wluch  Galileo  achieved  by  the  aid  of  his  little  perspective. 
Whatever  claims  other  individoala  [may  possess  to  the  original  invention 
of  the  telescopet  the  merit  of  applying  it  to  the  great  purposes  of  phy- 
61^1  science  must  be  awarded,  with  acclamation,  to  the  illustrious 
philosopher  of  Italy. 

The  telescopic  discoveries  of  Galileo  exerci&ed  such  a  withering 
infiuence  upon  the  ancient  philosophy,  that  many  of  its  adherents,  in  the 
height  of  their  mortification,  took  refuge  in  absolute  incredulity,  and,  with 
absurd  pertinacity,  refused  to  assure  themselves,  by  actual  inspection,  of 
the  reality  of  tho  phenomena  thus  revealed  for  the  first  time  to  mortal 

"  leo.  in  one  of  his  letters  to  thsit 


^y  dear  Keple 


says 


Opere  di  OalUeo,  tome  ii.,  pp.  A  et  267. 
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Astronomer,  "  hovr  1  vrish  that  we  could  have  one  hearty  laag^  wgetherf 
Here,  at  Pitdtm,  is  the  principal  professor  of  philosophy,  wiuns  1  haw 
rdpMtedlj  Bnd  eomesdy  requested  to  look  at  the  moon  nod  plaseta 
tbrougli  my  ^losflr  which  he  perbnaciousij  refases  to  do.  Why  ar« 
not  liere '?  What  shputa  of  ktighter  we  shuuid  Imre  a  I  this  gl 
folly,  aud  to  hear  the  professor  of  philosophy  in  Pisa  laboorio^ 
Grand  Duke  with  logical  arguments,  as  ■with  oiagtad.  iBMOfetOMflb* 
eharm  the  new  planets  out  of  the  &ky  !*' 

Galileo  can  hardly  be  considered  an  imkepsadBat  iuTentnr  of  tbv 
telescope.  Adiiiittiug  that  be  obtained  no  othier  aioootimt  of  the  0«lall 
invention,  than  timt  a  sjiectacle  maker  had  suooeed«d  in  eteeatu 
«  perspective  itistrament  by  meonn  of  whieh  djatant  «b}«et3 
nearer,  still  tha  fact  of  his  liaving  received  sock  a  llkit  ikprri^ 
labours  in  a  great  degree  of  the  character  of  or^nality.  When  one#l 
problem  is  kiiotvn  to  he  ro^olvalde,  the  difficulties  which  Tl  involves  may  iImb 
be  overcome  with  comparative  easo  by  a  strong  <"  ■     -^^  the  ttttttal 

pnwera  upon  it.     But,  injustice  to  the  original  ,    .  the  ooantij 

which  f^tive  him  birth,  it  is  but  rifrht  to  mention,  thai  au»f«  thna  nM  4M 
the  Dutch  instruoieuts  luid  found  their  wav  into  Itafy  aWnt  (bt 
ivhen  Galileo  was  led  lo  conatTuet  his  Urst  telescop*.  Sir 
in  liilB.  makes  the  foUowing  atAfcement:^ — "  A  Frenchiaan 
Milan  in  L)]0  ttiunLh  of  May,  160d,  and  oSared  a  totesoope  fur  6«1«  •» 
Coimt  di  Fuente<^."=*(  Again,  in  a  letter  from  Padoa,  dated  Aagnat 
1609,  Lorenzo  Fi^oria  announces  to  Paolo  Gnaldo  that  Ga]Ck)o  hni 
been  appointed  lecturer  at  Padua  for  life  on  tccoont  of  a  pimpeeiti«0» 
like  the  one  trhich  u-as  sent  from  Flanderi  to  Cardinal  Borytim^,  ••W* 
have  seen  some  here,"  adds  the  writer,  **«nd  truly  they  siiet«e4  wen.*!- 

We  dismiss,  as  an  unfounded  calumny,  the  assertioA  of  FttccantM*  itel 
Galileo  bad  nctually  seen  one  of  the  Dutch  teleseopea,  nor  mil  \rt  tvia 
admit,  in  the  face  of  biij  o^vu  wordj  to  the  awtissy  I,  that  he  iwwiwl 
Any  hint  relative  to  \h.Q  peculiarity  of  their  ooostruction ;  Sal  tiw 
riety  of  the  invention,  as  confirmed  by  the  preceding  extracts,  eoohl 
fail  to  have  operated  as  u  powerful  iueentive  to  bis  ellorta. 

Some  vuritoiis  have  been  dL^po^d  to  diink  that  lh«  Ddtefa  totcieopc  wm 
conetructcd  upon  a  ditTeretit  principle  from  Galileo'i  inflfinirmil'  Pi»- 
eeeding  upon  the  tradition  of  its  htivin^  been  originally  oachftitii  m  aa 
amusing  toy.  by  produciug  an  inverted  irnage  of  a  willM»eeA.  llMf 
have  hence  Liiferred  that  it  iras  composed  of  two  convex  ItOMa,  liht 
modem  aatronomical  telescope.  This  ootuOosion,  if  trnvt  would 
go  far  to  enliance  Galileo's  merit,  hiil  it  rests  on  so  iuut«ir  a  Ion 
as  to  \ny  totally  inaimtesible,  betn^'  suggested  lolely  by  tbe  rugiM  irwHliMi 
juat  meutionecl.     On  the  other  haixd.  De«»rte8  and  D«  Hhoita  fnikiwly 

*   SirturiHde  Telncapb,  Fnn?.,  101 S. 

f  "  Di  imovo  mm  ahliiamn  ntiro  H  tiDn  la  rclneiilpnza  di  S.  Sereaiti.  edoMldMlA 
I^'Uori,  frn'  «]uali  jJ  gig.  Gnltkni  ha  bu»!Qlo  14X)0  (mndi  m  litii,  c  m  dice  ml  liwiiiir 
d'un  occliiali?  nimtle  n  qtifllo,  rhc  di  fiandrm  fu  mnndnfij  aX  Card.  |lan|lieacw  S»» 
•ono  Tcduii  di  qu.i.  «  vemmrnln  fanno  buoiui  rttur)tii,"-^i^r«rv  ^Ucmiwi  Btmty 
p.  112,  Vmi-t.,  1744. 

X  The  f'ljlluwTii;;  afp  tiie  ienn«  in  wlitch  be  ftUuda  to  ib«  hifiaanliim  ha  UMilfiii 

rcipcciirig  ihi5  Dutt-b  inrentioQ  on  th«  ocfutno  of  h-   >■-■'   '■'  v...;~.  —  Tiaarijia 

tlhetext: — "  Oiun*prt»  nu^ivc.  rhc  til  Sig.  Cunte    \:  >  Jl  « 

lOlMidete  tin  ocrhiak,  coi  ijimle  ir  row   inrtUiw  ri  l#i,  OM* 

m  ftiawiro  ctais  molto  vicmo,  Jt^  piA  /«  aagiumo,"  ;.  CmI,  i74l« 

Item.  ii.  p.  ae7.) 
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r  the  Dutch  iititnimeiit  was  formed  by  a  combination  of  a  convex 
^euocftTe  lena.  The  account  of  the  ittveutiou  as  given  hj  the  litLter 
of  these  two  vyiitera  la  the  inoTe  iForthj  of  confideace,  inasmuch  a«  he 
usocuitds  it  wiUi  tba  storf  of  the  w^atherrock.  but,  of  course,  makes  nu 
aihjsiim  to  an  iuTcrted  image.  Again,  vre  find  Lcr^nzo  Pigrioria  nriling 
to  hh  friend,  tlmt  Galileo  had  received  a  thoasand  Horiiia  annuaUy  for 
life^  on  at'comit  of  a  perspective  tike  the  one  which  had  been  sent  from 
Flanders;  bat  it  h  vei^  obvious  that  if  the  Dutch  teleecopee  had  t.'x- 
hibiied  objects  inverted,  faus  fnHtld  have  expressed  biinself  in  different 

The  Dutch  telescopes  wera,  doubtless,  much  less  powerful  than  those 

Gaiileij.  but  this  is  not  to  be  wondered  at,  when  we  consider  the  cou- 

BtliDEDnte  §ikill  of  the  latter  in  n^atters  rehLLiug<o  praetical  science,  aiid 

the  remarkable  success  which  getierallj  attended  hir>  experimental  ej^brts. 

sun.  nre  »re  by  no  means  disposed  to  believe  that  they  Mere  such  mean 

fkroductions  of  art  as  they  have  been  frequently  represented  to  be.     We 

have  seen  that  the  States  General  agreed  to  give  MKi  florins  to  Lipperbey 

H||r  his  iustruuittut.     The  amount  of  remuneration  tends  to  impress  ua 

^Bth  u  favourable  opinion  of  the  instrument  given  in  eiichange.  for,  aa 

Dr.  Hcill  justly  remarks,  the  Dutch  people  cannot  be  charged  with  m 

readiness  to  throw  away  their  money  upon  a  triding  toy,  which  possessed 

DO  lyther  claim  to  rctsommendation  than  its  ooTelty,     It  is  true  that  the 

£  enter  was  prohibited  from  making  any  telescopes  except  those  ordered 
the  States  General,  and  the  latter  would  naturally  consider  themselves 
ind,  on  this  account,  to  remunerate  him  more  liberally  for  bis  labours 
ihan  they  would  otherwise  feel  disposed  to  do.   This  prohibition,  howeTer, 

fjds  to  couHrm  our  belief  of  the  value  they  set  upon  hia  telescopes, 
ley  refused  him  an  exclusive  privilege  to  make  and  sell  them,  on  the 
eged  gnmnds  that  others  were  already  in  possession  of  the  invention, 
fcwttbtfyeasonably  believed  that  the  instruments  of  the  inventor  would 
be  superior  to  any  others  coniat meted,  and  they  scoordingly  resolved  to 
secure  to  tbeoieelvefi  the  monopoly  of  hia  t^kill.  That  the  invention  had 
already  transpired,  and  that  a  restriction,  such  as  we  have  mentioned,  had 
been  imposed  upon  the  inventor,  is  clearly  proved  by  the  foitowing  ex- 
tract from  iJse  corre«;poudence  of  the  celebrated  president,  Jennnin,  who 
luul  been  sent  to  Hollaud  by  his  sovereign,  Heuiy  IV,,  to  nefi^tidte  a 
H^e  between  Spain  and  the  States  General.  On  the  tiSth  of  Doceml>er, 
PwUS".  enly  a  few  days  after  the  States  General  had  refused  the  olijeft  of 
unperhey  s  petition,  Jeannin  tlms  writes  to  Henry's  minister,  the  famous 
Bmf: — "  The  bearer  of  ihju  letter  is  a  soldier  from  Sedan,  who  belongs 
lo  ihfl  Prince's  company,  and  who  ia  held  very  ingenious  in  many  inven- 
tions sand  artifices  of  war.  He  has  aho  made,  a  few  days  ago.  an  inatm- 
ment,  in  imitation  of  that  which  baa  been  n}ade  by  n  spectacle  maker  of 
Middleburgf  to  see  at  a  distance.  Ho  will  sliow  it  to  you,  and  make  you 
some  for  your  sight ;  1  requested  the  original  inventor  to  make  me  two, 
oiM  for  the  king,  and  one  for  you ;  but  tlie  States  prohibited  him  from 
HMildng  any  but  for  thenoselTes.  They  have,  however,  given  orders  to 
^mtxsate  some  for  me,  that  I  may  send  them  to  you,  which  I  will  not  fail 
to  do  fts  soon  as  1  receive  ibera,"*  It  is  quite  clear,  from  the  foregoing 
jBlicnfcii.  that  the  States  General  contemplated  making  use  of  the  instru- 


Mali> 
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meiit  of  Lipperliey  in  militaiy  rEtconnaissances  ;  and  their  formal  a.p| 
of  it  already  referred  to,  when  taken  in  con.nexion  trith  this  ciiciimsti 
implies  that  it  posseseed  a  considerable  magnifjing  power. 

We  have  seen  how  quickly  the  Dutch  telescopes  passed  ioto  Ft 
and  Italy.  If  wo  are  to  believe  the  German  astronomer,  Simon 
he  com meuced  astronomical  observations  in  the  year  1609»wtth  a  tel« 
which  he  procured  from  Hollflnd.  Telescopes  Vfere  also  imported  into 
Eugland  soon  after  their  invention.  The  late  Professor  Bigaud  found,  by 
an  inspection  of  the  manuscripts  of  Harriot,  the  celebrated  matbema- 
tician,  that  even  as  early  as  July,  1600,  he  had  been  making  obsenratioii« 
of  celestial  phenomena  with  one  of  these  instruments.  1  hia  fact  lendt 
very  much  to  disprove  the  assertion  that  the  telescopes  originally  ma<l«  in 
Holland  were  totally  unfit  for  ^cientiSc  purposes,  for  it  can  hardly  b« 
doubted  that  the  one  ivhich  Hamot  used  was  obUuncd  from  that  country^ 
On  the  6th  of  July,  1610,  Sir  Christopher  Heyden  thus  writes  ifr 
Camden,  the  famous  antiquaiian : — "  I  have  read  Galileeas,  and^  to  bt 
abort,  do  concur  with  bim  in  opinion,  for  his  reasons  are  demonstnitiTe ; 
and,  of  my  own  experience,  v!ith  one  of  our  orditiary  trunks  I  have  told 
eleven  stars  in  the  Pleiades,  whereas  no  age  ever  remembers  above  seven, 
and  one  of  them,  as  Vtrgil  testifieth,  not  always  to  be  seen,"*  There 
can  be  no  doubt  that  the  expression — '*  one  of  our  ordinary  trutikit  " — 
refers  to  the  Dutch  tele&copes  which  were  in  common  use  in  Kugland,  it 
distinguished  from  the  superior  telescopes  of  Galileo  recently  imported 
from  Italy. 

In  a  letter  dated  Tra'venti  in  Caermarthen shire,  Feb.  6,  1810,  Sir 
[WOUam  Lofrer  thus  writes  to  Harriot : — "  I  have  received  the  perspective 
cylinder  that  you  promised  me,  and  om  aorrle  that  my  man  gave  yoa  not 
more  warning,  that  I  might  have  also  the  two  or  tliree  more  liuU  yoa 
mentioned  to  chuse  for  me-  Henceforward  be  shall  have  orders  to  attend 
you  bettor,  and  to  defray  the  charge  of  this  and  others,  far  hei  tonftm&th 
to  me  that  he  forgot  to  pay  the  workman, 

"  According  as  you  wished,  I  have  observed  the  moone  in  »ll  bis  changes. 
In  the  new  manifestlie  I  discover  the  earthsbine  a  little  beforo  tile  di'* 
chotomie ;  that  spot  which  represents  unto  me  the  man  in  tlio  nUMUM 
(but  without  a  head)  is  first  to  be  seene.  A  Uttle  after,  neore  the  brimiftd  of 
the  gibbous  parts  towards  the  upper  comer  appearo  Inmiuoos  parts  lil^ 
Btarree ;  much  brighter  than  the  rest;  and  the  whole  brimme  along  looks !  ' 
unto  the  description  of  coasts  in  tlie  Dutch  books  of  voyages.  In  the 
she  nppeares  like  a  tart  that  my  cooke  made  me  lost  wecko ;  here  a  vait 
bright  stufie,  and  there  of  darke,  and  so  confusedlie  all  over.  I 
ootifesse  I  can  ^ee  none  of  this  tvitbout  my  cylinder :  yet  an  itig« 
yottuge  man  tbat  accompanies  me  here  often,  and  loves  you,  and  tL 
stadias  much,  sees  manie  of  these  things,  oven  without  the  belp«  of 
instrument,  but  with  it  eeea  tbem  most  plainlie — I  mean  the  yoatig  ' 
Protheroe."  * 

We  have  deemed  it  proper  to  dwell  at  some  length  upon  the  Citlj 
history  of  the  Dutch  telescopes,  because  those  instrameata  bikf«  l)6a 
thrown  bUo  unmerited  oblivion  by  the  splendour  of  Galiloo's 
We  cannot  reasonably  avoid  the  conclusion,  when  tho  sut^eci  £• 
into  complete  consideration,  tlmt,  even  although  the  but-mentionod  pfaili^ 
Bopher  bad  never  lived,  the  Dutch  tckscopea  would  hare  boeo  gnufaallf 

•  Suppkcnent  to  Brtdlciy**  MifCcUftoeout  Woii*,  p.  27.  t  Ibldt  p^  4S. 


'ected  in  their  construction,  and  would  have  been  eventual!]:  applied 
Kuccegg  to  the  great  purposes  of  physical  science.     The  merits  of 
tJie  origiDfil   inventor  of  the  telescope    cannot  affect  the  reputation  of 
I     die   illustrious  Italian,  v;lio  owed   hi^  brilliant  discoveries  in  celestial 
I     physics  much  l«ss  to  hia  good  fortune  in  esiecuting  a  telescope,  than  to  bis 
agmeitf  as  aii  interpreter  of  nature. 

Kejiler  first  explained  the  coDBtruction  of  the  telescope  formed  by  u 

Ipcnbination  of  two  convex  lenses,  in  his  treatise  on  Dioptrics,  which  wna 
■Bbliished  in  1611,     possessing  no  aptitude  for  observation,  however,  he 
bd  not  Httempt  to  reduce  his  ideas  to  practice.     Scheiuer  appears  to  have 
Men  the  first  person  who  Bctuallj  executed  a  telescope  upon  the  principle 
loggested  by  Kepler,     In  his  Bosa  Ursina,  which  was  publisbed  in  lOSO, 
le  states  that,  thirteen  jears  previously,  he  made  observations  iu  the 
presence  of  the  Archduke  MaxiEnilian,  with  a  telescope  cottiposed  of  two 
convex  lenses.   The  Galilean  telescope,  however,  still  continued  to  be  pre- 
ferred, on  accofint  of  the  superjor  distiuctness  of  the  image  which  it  formed. 
The  first  persou  who  appears  to  have  discovered  the  peculiar  value  of 
llie  telescope  recomm ended  by  Kepler,  and  who  applied  it  to  the  purposes 
of  astroDomical  observation,  was  Gascoigno.      This  highly-gifted  young 
man  dJd  not  fail  to  perceive  that  it  possessed  an  immense  advantage  over 
the  Galilefui  teleacope,  in  aifording  a  situation  within  the  tube  where  any 
beiug  placed  might  be  viewed  as  distinctly  as  a  celestial  object, 
circamstauce  §uggested  to  his  inventive  mind  the  use  of  telescopic 
in  astronomical  observations,  and  the  application  of  the  micrometer 
telescope.     The  raierometrical  measares  of  that  astronomer,  pre- 
rved  by  Flamsteed  in  the  first  volume  of  the  Historia  Cflestis,  may  be 
n&idered  as  the  earliest  collection  of  facts  that  have  been  established 
by  the  use  of  the  Keplerian  telescope.     In  this  respect  they  possess  an 
hiterest  BHalogoua  to  that  associated  with  the  early  discoveries  of  Galileo 
relative  to  the  physical  eonstitution  of  the  celestial  bodies. 

It  was  not  until  about  the  middle  of  the  seventeenth  century,  that  tele- 
scopes composed  of  two  convex  lenses  came  to  be  generally  employed  iu 
astronomiail  observations.     The  use  of  such  telescopes,  however,  was 
then  suggested,  i>ot  on  account  of  ih&  advantage  which  Gascoigne  found 
ibem  to  possess,  but  because  they  afforded  a  much  larger  field  of  view 
than  could  be  obtained  by  means  of  the  Galilean,  telescope.     The  first 
person  who  diatinguished  hiraself  by  liis  labours  in  connexion  with  the 
Keplerian,  or  astronomical,  telescope  was  Huyghens,     This  distinguished 
ihilosopber  attained  great  excellence  in  the  grinding  and  polishing  of 
nses,   and   succeeded   in  constructing  telescopes   iar   superior  to  any 
bitheito  executed.     In  the  year  1655  he  discovered  a  satellito  revolving 
round  Saturn  in  sixteen  days,  by  the  aid  of  a  telescope  12  feet  long, 
and  by  prosecuting  observations  of  the  planet  with  the  same  instrument, 
he  was  shortly  afterwards  enabled  to  establish  the  real  nature  of  the 
appendage  with  which  it  is  furnished, 
^m      As  the  definition  of  object^]  was  very  imperfect  in  telescopes  of  this 
^fconstructioD,  it  was  found  to  be  indispensable  in  everj  instance  wherein 
^^  high  magnifying  power  was  required,  to  increase  the  focal  length  of  the 
object-glass  to  an  immense  extent.     Huyghens  states  that  ho  and  his 
■^rotber  nmde  object-glasses  of  170  and  310  feet  focal  length  I     These 
^^■hisses  were  used  without  tubes,     Huyghens  devised  mechanical  combi- 
^tiations  of  great  ingenuity,  by  means  of  which  they  could  be  directed  with 
facility  towards  any  object  in  iha  visible  heaveua.   From  the  circumstance 
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of  their  beinj*  used  without  tubes,  these  oonthTancw  wet^  tenaed  mifitl 
tflfscoftfii.  Hiij  jjhena  presented  one  having  a  focal  length  of  ISd  fe*l  to 
Hie  Eojfl.1  Society  of  LDiidon.  This  philosopher  effected  a  MpitU  im- 
provement ia  the  oonstiiicLton  of  telescopes  hy  the  ininentioti  of  atn  ere- 
ptece  consistiug  of  a  combiu&tiou  of  lenses  which,  hv  their  rospectiva 
refractions,  served  to  correct  the  effects  of  spherical  abermtion. 

While  Huyghens  waa.  enga;^ed  in  tliese  labours,  the  lurl  of  exeonliag 
telescopes  was  uttainiug  a  high  'de^Tee  of  excellence  tn  ItaJj.  Etiiittcllio 
Diviui  at  llome,  and  Carapaui  at  Eologua,  more  e&peciallT  sigtiali^d 
themselves  in  ihts  department  of  practical  opdcs.  It  ^vas  with  teleeoopM 
executed  by  the  latter  that  Cassini  made  the  multitude  of  interesting  <ti»- 
ooveries  in  the  heavens  trbich  have  rendered  the  uame  of  that  astromMser 
BO  deservedly  celebrated.  The  object-glasses  bod,  in  Bome  iosiiuieci, 
ibcal  lengths  of  flO,  and  even  130.  feet.  Cassini  wfta  enabled,  like  Bn^ 
ghei)9,  to  make  u^e  of  such  gla»se!^  without  tabea. 

Telescopes  of  great  length  were  constructed  in  most  other  countrtfiB  ot 
Europe  diiriug  the  eeventeenth  century,  especially  in  France  and  Btigbud. 
Auzout  19  eaid  to  have  made  a  telescope  of  30O  feet  focal  length.  It  docs 
not  ap[^ar.  however,  diat  he  actually  employed  each  an  iustruEaem  in 
nstrouumical  observations.  In  England  the  construction  of  telattcoHfl 
seenis  to  have  attained  considerable  pei'fection  nt  a  compamlivelj  4w| 
period.  Among  the  iiistrumeuts  vviih  which  the  nb^ervatory  of  Copeufaa|^ 
wa^  fiiniished,  on  tbe  occusion  of  its  original  esiiiblisbment  iti  lt)>&6,  wm  A 
telesco|iie  tnagniiying  100  times,  which  Lougomont4inu9  brought  with  hOB 
from  England  in  the  year  164:2.  The  telescopes  of  Sir  Ftitil  Nfilo,  asvtO 
as  tJiose  of  Reeves  and  Co.^,  are  said  to  have  been  equal  to  tlie  best  t«l^ 
scopes  executed  at  the  saute  time  in  any  country  of  Euroj^.  It  tTTrrwIm 
very  much  in  favour  of  Urn  Eogli^h  telescopes  taade  during  the  lattOT 
part  of  the  &eventeenth  ceutuiy,  that  with  one  of  such  itifltruments,  o(  $8 
feet  iociil  length,  William  Ball  of  Mainhead,  in  Devonshire,  h»«iiig  ob- 
Berved  Saturn  on  the  1 3th  October.  I6b5,  perceived  that  the  ring  •foaul 
the  planet  vras  double  *.  This  observatiou  was  made  ten  ye«r«  hfiufii 
Casdini  remarked  a  similar  appearance  on  the  ring.  It  appear*  tlNt 
Bradley  occasionally  employed  telescopes  of  groat  length,  in  the  eailj  Mft 
of  his  career.  On  the  27 ih  of  Decseraher,  nUi,  while  he  wns  nniirag 
at  W&nslead  viith  Pound,  his  uncle,  he  measured  the  diameter  of  VenM 
witb  a  telescope,  or  mther  object-glass,  of  21'i^  feet  focal  length  t- 

Notwithstanding  the  vast  amount  of  labour  and  skill  bo'tttAWpd 
o(tt»structJon  of  refraotirig  telescopesi,  it  was  still  faund  ■  imi 

itm&i  iti  thes*?  instrumetits  were  by  no  means  so  well    :  us 

neoessoiy  for  delicate  observations.  This  cireumst«nce  vtrnm  umrtimt 
the  spherical  aljerration  of  the  lenses^  but,  although  the  iitdiBtinulat 
doubt  partly  Kro^e  from  that  cause,  it  was  nualf  4ilt  tD  tke  ntllnoeQ  dT 
a  phy.Hical  principle  which  had  not  yet  b«en  diiOO¥W»i.  XVIikh  t^tte 
imperfect  formation  of  the  icof^e,  the  iaoonTenience  Kttei  un  of 

telescopes  of  enormous  foct^  length  vnw  taken  into  a©ooui.»,  ,.  ^.i>vie«iij 
became  det^trable  to  devise  a  diiSinvot  inode  of  oon«traoiiou.  In  IMS, 
James  Gregory  publiiiiht5d  his  UiHiea  Prmnola,  m  whtcii  fae  eaepUhiptl  ifa* 
construction  of  the  rcUecting  leiescope  which  has  siuce  b«eB  called  br  Iw 
tiame.     Ue  proposed  limt  the  rays  of  light  fixno  Knniiot#  olgiMl  afaaoU 


Phil.  Tnuu.  I«8e»  m.  1^ 

Bndley*  MiiPBllaaaeui  VfonkK  p.  35^ 
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retl  hj  s  couea^e  parabolic  speculum,  and.  after  forming  hj  ra- 

*n  iuiflge  of  tlbe  object  at  the  focus,  shoulJ  hence  diverge  and  full 

tip<m  •  fiOMUer  concave  speculam  of  an  elliptic  fintire  having  the  samSi 
focus  as  the  liirgwr  one.  The  ravs  would  now  b©  reflected  by  the  elliptic 
Bpcculoni,  so  as  to  form  a  spcond  image  of  the  object  near  the  anterior 
Bwface  of  iho  larger,  or  paralKilic,  speculuni ;  and  this  image  might  finnlly 
be  *i«wed  by  the  observer  thmnnh  an  tje-lena  placed  behind  the  latter 
eMeulumi  wliich  was  to  be  perforated  for  that  purpose.  Gregory'  expected 
tbat,  by  substimting  tl»e  principle  of  the  reflexion  of  light  for  that  of  re- 
fiVCtioD,  eo  as  to  get  rid  of  the  eJrfect  of  spherical  aberration,  the  iraagft 
of  the  object  would  be  rendered  -mneh  more  distinct.  When  he  waa  in 
l<ond<ra.  tkhout  the  vear  Ui04,  he  employed  an  optician  to  execute  a  tele- 
Boftpe  fur  him  according  to  the  above  design:,  hut  the  attempt  to  give 
parabolic  figure  to  the  larger  speculum  proved  a  failure ;  and, 
h»  ishBequently  tried  to  effect  the  same  object  bj  means  of  a 
speciilimi,  yei.  in  this  inatanee  also,  the  result  vi-ns  so  onsatis. 
'tfaatfaeaeems  to  have  been  diiM:ouraged  frt)m  prosecuting  the  matterl 
r. 

It  appears  that,  before  the  publication  of  the  Optica  Promota,  Mer- 
senne  bad  already  suggested   tne  idea  of  a.  reflecting  telescope.      Thia 
he  did  originally  in  a  letter  to  Descartea  written  about  the  year  1039  *, 
a&d,  alienrards,  in  his  Catoptrics,  which  was  published  in  I G5  ] .   Descartes 
4)ifeiiBd  8«Teral  objfcticus  to  Mersenne  a  proposal,  and  no  atiempt  was 
Boade  to  carry  it  iutrt  effecl.    It  has  been  said,  by  Foiitenelle,  that  Father j 
Zacci   ^n^  ar-<juftinted  with  the  reflecting  telescope   as  early  as   1618. 
Indeed,  Mnntuda  has  justly  remarket],  that  ss  soon  sa  it  was  kno^vn  that 
the  image  of  an  olrject  might  be  formed  in  the  focus  of  a  eoneave  mirTOr, 
the  idea  of  applying  the  principle  of  reflexion  to  the  construction  of  tele^ 
■copes  (after  ibe  invention  of  refracting  telescopes)  was  a  veryobviooa- 
suggestioji.     It  is  impossible  to  ascertain  wheiher  Gregory  was  indebtedj 
to  any  previous  vrriier  for  the  hint  of  the  refletling  telescope,  or  not ;  but, 
at  any  rate,  it  must  be  allowed  that  be  was  the  first  person  who  gave  a 
complete  explanation  of  the  conatruclion  of  EUch  a  telescope.     Moreover, 
he  has  the  merit  of  having  suggested  a  form  of  the  instrument  which  has 
heen  in  ase  ever  since,  and  which,  as  far  as  ordinarj  purposes  nre  cou- 
oemed,  has  been  foimd  more  convenient  in  practice  than  any  other  that' 
has  aub&equeully  been  devised. 

The  fm>t  person  who  actually  executed  a  reflecting  telescope  *was  Kew- 
bipa.  As  soon  as  that  pbiloaopber  discovered  the  une((tial  reftvngibility  of 
H^t.  about  the  year  Uitj(^,  it  occurred  to  him  that  any  further  iraprove- 
TDeut  of  the  refracting  telescope  was  imjiossible,  and  he  was  led,  in  con- 
fdquence,  to  consider  tiie  f^plic-ation  of  the  principle  of  reflexiou  to  the 
imnn  el^^ct.  Finding  that  for  the  diflTerenC  r&ys  of  Uie  prism^  the  angle 
of  reflexion  was  in  each  case  e'jual  to  the  angle  of  incidence,  he  per- 
cerred  that,  by  means  of  this  property  of  light,  optical  instruments  might 
be  brought  to  any  degree  of  perfection,  provided  a  substance  could  be 
Xbund  which  reflected  a  sufficient  quantity  of  light,  while  attlie  same  time 
it  wiut  oaftoble  of  being  highly  polished,  and  of  receiving  a  true  panilioliA  , 
6ffQre,  Bat  the  difficulties  which  stood  in  the  way  of  arcomplishing  ihel 
Mfiltneut  of  these  conditions,  were  very  great ;  nay,  they  almost  seemed 
to  him  to  be  insupemlle,  when  he  recollected,  that  eveiy  irregularity  in  a 
fefl«etu^  aiidace  would  make  the  rays  deviate  five  or  si^  timeu  more  out^ 

•  "  Lettrei  do  Dc«4rte«,"  «otn.  ii.,  Nos.  29,  32.     8vo.  Parin,  lOSO. 
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of  their  due  course  tban  in  a,  refmcUng  telescope  ••  While  his  mind  ms 
occupied  with  these  reflccliouSj  he  was  compelled,  bj"  the  prevaJence  of 
the  plague,  to  quit  Camhridge,  and  more  than  two  jears  elapsed  before  ~ 
again  turned  his  attention  to  ttie  euhje^t.  Hanng  now  reflected  upon 
construction  of  Gregor3''s  instrument,  he  came  to  the  conclusion  thai  IT 
would  be  preferable  to  place  the  eye-glass  in  the  middle  of  the  tube.  Ac- 
c^rdit^igly,  having  succeeded,  after  much  trouble,  in  digcovenng  a  subetttiee 
tbat  was  adapted  for  the  formation  of  the  largei'  speculum,  and  having 
devised  a  delicate  mode  of  polishsug  the  surface,  he  actually  executed  a 

scope  upon  this  principle.     He  wisely  abstained  from  attempling  to  n 

the  speculum  truly  parabolic,  on  account  of  the  extreme  difScuTty  of  tb9 
operation,  contenting  himself  with  giving  il  tbo  figure  of  a  segment  of  a 
sphere.  With  this  instrument  he  could  see  the  satellites  of  Jupiter  und  the 
hoi-ns  of  Venus  ;  but  the  latter  were  not  very  distinct,  nor  could  they  he 
perceived  at  all  without  some  nicety  of  adjustment.  Encouraged  by  difi 
success  of  his  efforts,  he  made  a  second  telescope,  which  proved  to  be 
etill  better  than  the  former  one.  The  focal  length  of  the  specalum  ntB 
e^  laches,  and  that  of  the  cye-glasa  (which  was  a  plano-conveit  lens,  iritb 
the  flat  side  turned  towards  the  eye)  was  ^th  of  an  inch  ;  the  maguilyiQg 
power  of  the  instrument  was  therefore  38. 

In  the  month  of  December,  1671,  Newton  transmitted  to  Londod  the 
second  reflecting  telescope  executed  by  him,  in  order  that  it  migl 
submitted  to  the  inspection  of  the  Boyal  Society.  At  the  meeting  of 
Society,  held  on  the  lUh  of  Januarj',  1G73,  it  was  announced  that  XS! 
Newton'a  instruraent  had  been  examined  by  the  President*  Sir  Robert 
Moray,  Sir  Paul  Neile,  Dr.  Wren,  and  Mr.  Hooke,  and  that  it  biul  re- 
ceived their  unanimous  commendation.  The  Society  at  the  same  tiate 
resolved,  that  in  order  to  secure  the  right  of  the  inventor,  a  desert ptioa  of 
the  iustrumeut  should  be  sent  to  Huyghens,  who  was  then  residijag  it 
Paris  f.  Huyghens  commuuicated  an  account  of  it  to  the  AcmImbj  «C 
Sciences,  and  in  consequence  it  Hoon  became  generally  known  upon 
Condneut  *. 


•  Phn.  Tran.,  1672,  p.  3090. 

f  Birch,  Uht.  Roy.  Snc. ,  vul.  iii.  p.  1.     The  lamo  telcBcope  iru  ftfterwiinb  ^ 
to  the  Royal  Society.     Thu  intrre»titig    relic    of  the   irtitnortal  pbiluKiplier  kt  MtQ 
letsn  at  Ibe  apart mcnti  of  the*  Society  in  Sotuctset  Houm!. 

t  Huj-gKenB  BddrwMjd  d  letter  to  the  Academy  of  Science*,  in  wh?<"h  he  fprm 
•eriptiott  of  Newton'4  n^flectin;;  tclescape,  and  cnurocralef  it»  peculiiii'  wltsDta^ec 
follDmagpflBfiigc,  extracted  from  thit  letter,  is  northj  of  colice.^*' Je  oonipl«  poor  M 
IroUiemc  avantage,  que  par  larcflexinn  du  ntiroir  de  mftai,  U  ma  h  p«nf  p«<wl  4t rafMK 
commc  Aui  verrea  qui  en  r^'flcchiesent  uttc  quantity  notable,  pw  (macune  d*  tMinj"^ 
fan-'ii,  ct  i-n  intercepttnt  encure  unc  nartic!  par  I'obsrurit^  aa  Icur  aMttire*"— ^  Jf 
Aead.  du  ScteaceSf  tome  x.,  p.  SOS'}  M,  Arago  cites  thii  pscvgigv  ai  «  ptoofi 
Huyffhens  was  not  mwvn  of  any  light  bdoff  Icul  tii  the  coun«  of  tti  reflexion  tram  % 
metallic  BUrfaoe,  and  he  naturtilfy  exprewes  bit  BAtrini&hment  that  tbo  Dutch  philMocikr 
ihould  have  bDen  unacquainted  with  so  obviouK  3  prit>ciple  ofpbjrnoi,  (^Amumir*,  I9l3.fk 
293.)  It  woM  oppt-ar,  homverj  fmcn  the  fol lowing  pungc  of  a  lettet  ■J<fci Mwrf  J 
Huy^henj  to  the  Royal  Society  in  naiVrcr  to  tlicir  oomniuntcvtlon  respcc[{n|{  N« 
U'l4.'sci.ipe,  that  the  caac  cnnnot  be  made  out  mo  clearly  againM  bin :  — **  A{(na,  1 
tocer  reflexion  of  the  metallic  speoLiium,  thfrt  are  noi  to  menjf  ivyj  Joaf  m  ia 
vbielt  reflect  a  conndcrabte  quantity  by  each  of  their  lur&cee.  and  becidei  Inla 

of  them  by  the  obacurity  of  their  mottcr," — (Phil.    7Wm.,  167S,  p.  4Q06>)         

Huyghens  had  corrected  hU  mktakfl  in  the  ialler  af  the  lno  pasaagea  juat  etk»i,W 
tvhctlier  hii  views  on  l^e  subject  have  bc«n  niisreprt;H?nle(t  in  qim  or  oibcr  of  lib*  M«M> 
•ogei,  «e  leare  our  t? aderv  to  decide.  The  communicatioa  inBert^  iti  tba  !l|««iai»  af 
the  Af^idcmr  of  Scicucci,  bears  no  date.  Tho  letter  to  the  ttoyal  Society  ia  ilalad.  Fdh. 
I^  1072.  ' 
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Tti  167'i  Ca'3S»>graini,  a  Frenchman,  devised  a  new  form  of  ihe  reflect- 
ing lelesoopo.  Ii  differed  from  the  Gregoriiin  telescope  in  the  small  mirror 
beiag  conrfje,  and  in  its  heitig  placed  so  as  to  intercept  tbs  rajs  hefare 
they  came  to  a  focus.  Tliis  telescope  is  more  coDvenieat  tbau  the  Gre- 
godati,  tnaamuch  as  it  is  shorter,  cmterit  paribns,  by  twice  the  focat  lengtb 
of  ttie  small  mirror.  Kamaden  remarked,  that  the  effect  of  spherical 
iberradon  was  also  less  than  in  the  Gregorian  telescoj^e  *,  and  more 
YMreittljr,  Captain  Kater  shewed,  hj  a  series  of  expenmeuts,  that  it  was 
greatly  superior  in  point  of  light  and  distinctness  to  any  telescope  of  the 
laiLer  construction,  possessing  an  equal  aperture  f .  Notwithstanding  these 
alleged  advaDtages,  this  form  vf  the  ret^ecting  telescope  has  been  com- 
paratively seldom  used  since  its  iuvention.  As  has  been  already  hinted 
at,  the  Newtonian  telescope  exhibits  objects  not  in  their  true  direction, 
bat  at  right  angles  to  it.  Houke  was  the  first  person  who  executed  a 
telescope,  the  observations  with  which  were  made  by  viewing  the  object 
directly.  Thirf  be  effected  in  1674,  by  perforating  the  centre  of  the  larger 
opeculutn  agreeably  to  the  suggestion  of  Gregory  *. 

Although  both  Newton  and  Hooke  shewed  that  the  construction  of 
reflecting  telescopes  was  perfectly  practicable,  it  does  not  seem  that  for  a 
long  time  any  further  attempts  were  made  to  execute  such  instruments ; 
At  all  erents  no  progress  was  made  in  bringing  them  to  perfection.  The 
first  person  ytha  succeeded  in  accomplishing  this  object  was  Hadley,  the 
individual  whom  we  hare  had  occasion  to  allude  to,  as  one  of  the  inde- 
pendent inventors  of  tlie  reflecting  octant.  lu  17^3  he  presented  to  the 
Bojal  Society  a  reflecting  telescope  of  the  Newtonian  form,  whit:b  he 
executed  with  bis  own  banda.  The  diameter  of  the  speculum  was 
C  inches,  and  its  focal  length  was  5  feet  3  inches.  Pound  and  Bradley, 
Wring  conipared.  it  with  the  refracting  telescope  of  123  feet  food 
length,  which  Huyghena  bad  presented  to  the  Society,  found  that  it 
bore  as  high  a  magnifying  power  as  that  instrument,  and  exhibited  ob- 
jects equally  distinct  though  not  quite  so  bright.  Notwitlistanding  its  in- 
feriority in  the  latter  respect,  they  were  enabled  to  perceive  with  it  all 
the  phenomena  which  they  had  hitherto  discovered  with  the  Huygeniau 
telescope,  such  as  the  transits  of  Jupiter's  satellites  ;  their  shadows  upon 
th^  disk  of  the  planet;  the  Ihiek  list  on  Saturn's  ring;  and  the  edge 
of  bis  shadow  upon  the  ring.  On  several  occasions  they  succeeded  ia 
seeing  with  it  the  five  sateilites  of  Saturn  §,  Befiecting  telescopes 
were  executed  by  Havvkahee,  about  the  time  that  Hadley  was  prosecuting 
bis  labours  with  such  success.  This  individual  made  a  telescope  of 
S^  feet  focal  lengtlj,  which  proved  to  be  even  more  perfect  than  any  of 
Hadley  s.  Aliout  the  same  time  Bradley  and  Molyneu.x,  having  been 
iostFucted  by  Hadley  in  the  grinding  and  polishing  of  metallic  specula, 
began  to  turn  their  attention  to  Uie  construction  of  reflecting  tele- 
scopes. After  much  trouble,  they  finally  bucceeded  in  e^tecuting  several 
telescopes  of  considerable  magnitude.  One  of  these  had  a  focal  length 
of  8  feet  ii. 

Hitherto  the  execution  of  reflecting  telescopes  vins  confined  exclusively 
to  persona  engaged  in  scientific  pursuits,  whence  it  may  naturally  be 

•  Phil.  Trans..  1779,  p.  427- 

t  Phil.  Tnns.,  1613,  p.  206  ;  1814,  p.  231. 

$  Birch,  Hitt.  Tloy,  S<:)C.,  vol.  iii.,  p.  1S2. 

^  Phil.  TniM.,  1723,  p.  382. 

H    Smith's  Optics,  Uwk  II L,  chap,  I. 
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presutued  tlmt  tliQ  iiumbe^f  of  such  instmmenta  actisally  mo/Aa  ctmuvittk 
Id  be  vf ly  liniited.  jyoljneux,  Ijowever,  having  ac^uamted  ScarUtt  taA 
Hearoe,  two  Loudon  opticians,  with  the  mode  of  griadiug  nod  polishing 
specula,  the^Q  individuals  comm^ncved  makliig  refie^ting  lelescopes  fur 
f!ale  ;  and,  in  conisa^uence,  this  cUuift  of  iastrumeutfi  soon  afi^ruiirds  m&% 
into  general  use*> 

The  next  pei'son  who  distinguished  himfieU  by  hli  skill  i»  tUe  con- 
Btruction  of  reflecting  telescopeti,  ^va3  James  Short,  of  Ediabui^b.  l& 
173^.  vvhea  h6  waa  only  twentj-two  years  ot  a|jO,  this  individuMituniAd 
Lis  attention  to  the  polislting  of  specula,  iu  which  he  soon  attained  au 
unrivalled  degree  of  excellence.  He  also  discovered  a  netbod  of  giving 
tUem  a  true  parRbulic  figure,  which  liad  not  iutherta  he^n  UotM  ij  any 
person.  In  his  fir^t  attempts  he  confined  himself  tu  glass  specula,  wkicli 
were  made  to  retleot  the  light  bj  ct^verimg  them  behind  with  qulcksKer. 
James  Gregory  had  recommended  the  use  of  glass  for  reflect<irs,  oa  ibd 
ground  of  its  absorbing  lesa  light  than  metal,  and  being  at  the  same 
time  les3  liable  to  tarnish  f.  \Vith  one  of  Short's  glass  reHectora,  which 
had  a  focal  length  of  only  15  inches.,  Maclaurin  asserta  that  it  waa  po^ 
sible  to  read  in  the  Philosophical  Tratttactiona  at  a  distunce  of  HHO  faetf* 
Finding  that  in  auch  telej^copes  the  light  ^va3  Jainter  than  In  tLoae  iu 
which  the  speculum  waa  composed  of  metal^  Short  abandoned  ib«  iin  of 
glass,  and  confnied  himself  in  future  to  metaltie  reflectors.  TllM  td*« 
scopes  of  the  latter  description  made  by  biiu  appear  to  hav»  been 
site  specimens  of  sKill.  Maclaurin  states,  that  baring  coinparad 
thetn  wiib  instrumeuta  of  much  greater  focal  length,  mnde  hj 
nrtistdi  he  found  the  former  to  be  i^r  superior  in  respect  of  Lrigfa! 
distinotness,  and  niagnifring  power.  With  a  metalUc  reljectiug 
of  Short  a,  which  Imd  a  focal  leiigtli  of  only  1 5  inch  w,  it  w«e 
iread  distinctly  in  the  Fhilosophical  TraHsactiotts  at  a  distanoe  o?  500 
and  to  see  the  five  aalellites  of  Saturn  all  at  the  KAOie  time.  In  174:11 
Short  removed  to  London,  ivbera  he  continued  to  proaocuie  tiis  CaraMf 
vocation  with  great  auc-cess  till  hh  death,  in  176b.  Cue  of  tJbe  ImI 
instruments  executed  by  bim  was  a  large  reflecting  telo^oope.  «lurdi  kit 
brother  Tliom/ia  mounted  equatorialty  fur  the  obgervatory  ol  EdintNirglh. 
and  for  which  be  was  offered  IQOO  guineas  by  the  King  of  DililDaiic. 
Tho  teleaoopea  of  Short  were  all  of  the  Gregoriau  con&tmcliaa. 

It  has  been  already  mentioned,  that  m  aoou  «s  Newtoti  diac«r«red  tk$ 


*  Smith's  Optics,  Book  HI.  chap,  1. 

f  Kcvrton  in  bis  Optic*  ( 1704)  atntci  tlinl,  about  five  or  ill  vcati  preiitOttdijrt  W  '- 
to  iii«kc  4  roOr-oiiu}{  iuluicupc  A  feel  in  bn^U.  (Iiat  would  BU||»)rjr  lS<)  tlowik 
ipectilum  of  whidi  wfa  of  glau,  and  llmt  Ite  NtlUtictl  hiiuirlf  (hat  tlittv  ttiauH  ■athiai 
oat  ■  tr^odi  mthi  to  brln^  the  de«i^  to  nerfcclion.  He  t<tei^mmen<it  gt»af  ^rult  in 
(irelbrctici}  lo  meiat.  at  brin^r  mnro  euilir  |^Hi1iih«d,  \tm  I'mMb  Iu  laminU,  »a4  «l  tk*  «m« 
tltna  Cifublc  uf  rciSertint;  more  Hi^lit.  {Optiat,  parti  prop.  >ii)  Siakb  hm  iaianii 
team  tm  pa^-oi^ciit  nt  Nl*w ton's  vrork  just  citcH  ibat  "  the  method  of  tnakiDg  wifci"^ 
telefcopct  H'illi  g\a.M  si|>tculum'>,  ciiiick«ilvcrcd  avor,"  mn*  fiftt  rreomftMOiled  Cy  Mlf^ 
lotnpher,     {6V'«hi  o/  Opiia,  Ittmarh*,  No.  480.)     ThK  bomtvtr,  h  a  f"Ji*»^T.     VH 

Ct*nR  who  Ar^t  recommpntlc-d  cU^a  $pe<*ul«  trtw  tvlevcopM*  tnw  ianu'v  f^n>«M<j(^Mli* 
_0n  miinlionrd!  in  the  te\L     Urrfriury  nublt  thti  lUfi^uuiii  in  a  I  ili«^AHi 

St.  Andrt'i»*s,  M/tfcb  7,  1G7S,  noijtiittjj  oiil  at  (he  wmi'  lim«  tliu   j-  .      inH||W  rf 

rilM  specula,  fltid  ni>{|uc$tiiig  that  Iiii  vfewii  on  thi^  suhji'ct  ini(;ht  Im  i  iiiii tiirillll  i* 

Bcwtun.     The  letter  of  Grnt^ory  wju  reati  «t  the  nipciin'.:  of  thn  Roywl  iBocicIji  Ml 
cm  th«  26<h  of  March,  leT.I,  mtd  it  «u  ordeiwL  rA«r  il  mAvmM  &«  onmrnni^lid  •» 
A^ctvCDH  w  tAir/in'fon  m?»(  Cf^nctriifd  m  il    (INrtA.  JJti^  J?4|^  ^StfC.,  vol,  IIj^  p,  M> 
I  fimilh'fl  Optica  (R«tii.vk9,  No,  4iy9>. 


[oal  refi'ancibUitjr  of  light,  lie  perceived  that  the  cjciiitertce  of  tlmt 
_^_  ciple  offered  a  Berioua  obstacle  to  any  further  improvement  of  thft 
Fefiacting  telescope.  This  great  philosopher  did  not  f»il  to  make  expe-  J 
riraeots  ou  the  passage  of  a  my  of  light  t)i rough  several  contiguous  media,  ■ 
in  order  to  ascertain  wbeiiier  the  diJTerent  refractions  might  not  correct 
esch  other,  so  ihat  the  emergeot  Thy,  white dejiected from  its  ori(final  courae,  ^ 
night  bUH  he  free  of  colour.  The  results  of  his  labours  on  this  occasioa  M 
scrred,  however,  to  convince  him  that  i>o  auch  compensation  could  ba  " 
eitected.  He  fouad,  in  fact,  that  wheit  the  ray  emerged  iii  a  directiou 
pmllel  to  its  original  course,  it  was  iuvuriably  white;  but  ivhen  it 
emerged  obliquely  witli  respect  to  the  direction  of  incidence,  it  hecame 
liially  tinged  wiili  (hflTei'enl  colours  in  passing  from  the  place  of  emer- 
:e  *.  Having  satisfied  himself  iu  this  manner  that  no  combiuaiiou 
ftuhstancea  coidd  bo  devised  which  would  be  capable  of  refntcliug  the 
ra  of  light  £0  as  to  produce  n  colourless  image  of  mi  oliject,  he  seoms  to 
despaiiBd  of  in^proviug  the  refracting  telescope  bj  anj  other  meana 
that  of  increasiug  the  focal  leugtli  of  the  object-glaGa. 
It  was  reserved  for  Dollond  \  to  ^hew  that  the  views  which  guided 
KewU)a  in  arriving  at  this  couduaion  were  erruueous,  and  to  apply  the 
tni«  principle  of  physics  to  the  construction  of  refracting  telescopes  frea 
of  colour.  Thii  highly-gifted  individual,  although  moving  in  a  humbld 
a]»bere  of  life,  had  devoted  much  attention  to  mathematical  atid  physical 
pursuita.  He  seems  to  have  beeu  originally  led  to  conaider  the  subject  o£ 
the  dl^MciiBion  of  light  by  the  reetjarches  of  Euler.  In  17  IT  that  di:jtin-< 
guishea  mativematician  communicated  a  memoir  to  the  Berlin  Academy  of 
Scieitces,  in  wbieh  ho  attempted  to  shew  that,  by  a  corobi  nation  of  diffarent 
substances,  it  wuuld  be  possible  to  construct  objcct-glasseB  for  telescopes, 
in  which  the  elTects  arising  both  fi-om  spherical  aberration  and  the  unequal 
refrangibility  of  light  would  be  completely  corrected.  He  remarked  thai} 
tlie  ditiereat  humours  of  the  human  eye  refracted  the  rays  of  light,  so  as 
to  produce  a  perfeotly-disliuct  imnge  of  an  ol>)ect,  and  he  argued  by  ana- 
logj,  that  a  aimilar  eHeet  would  be  produced  by  the  object-glass  of  a 
telescope,  provided  a  suitable  corabiaatiun  of  ^bstances  was  employed  m 
ita  oomtruction.  Proceeding  upon  a  certain  hypothetic  law  of  the  dis- 
penioo  of  light,  he  accordingly  devised  a  combinatioa  of  hollow  spberical 
tetxses*  eacloeing  water  withiu  their  coucave  surfaces,  which,  he  asserted| 

*  OptJ«,  Book  It,  Part  L  Eiper.  nV\.  Newton  rtales  that  he  made  Ihi*  experiment 
wllh  s  pri«ni  gtas*  and  one  of  water,  kj  idapting  the  two  priinm  ihat  they  PL-frafled  the  li^lil 
«qu»lly  in  oppotke  d!nTi.-iicint.  In  uich  a  cue.  although  the  r<iy«  if  Xtf^hi  emented  pamU 
l«l  to  the  dirv<.-tiDn  uf  tiii--idencc,  thi'v  DUgbl  alto  to  have  been  coloured,  as  Dollottd,  upi>Ei 
f*pc*ting  the  experiment  ia  the  follciwini^  cenliin-,  actiiallj'  found  them  to  be;  but  New. 
I*n  uiertB  ihnt  no  fnuod  the  emei^'rit  ray*  to  I>p  while.  Sir  David  Brcnilcr  flatc*  that 
lb*  tnJaUiIco  of  Kcwton  artwc  from  hi*  h;iVin(!'  mixed  a  litlle  stjrar  of  )e«(J  with  the  water, 
ta  ordbt  to  increaae  iln  r«fnurtivc  power,  and  ibat  the  high  dispenife  powur  of  Iho  in|;rflM 
liiful  cauaed  the  nuidumn  of  unnDrrected  colour  to  disap^ar  ( Ltfh  tif  Nrtehm,  p,  <56)t 
The  <-aiae  stsfemcnt  is  made  by  Sir  John  H^rschel,  in  hU  Treatise  nn  Ijigttt,  in  tha 
AK3fclt>p4fdia  HfetropolUana.  PJcilher  of  the  two  dlstinjjuiaJied  philosophers  juat  cite<^ 
JKi  anjuuntpd  his  reader;:  with  ttie  Bource  whence  thii  osplanatiort  of  Newton's  tniitako 
Im  tiMii  derived.  Newton  himwtf  makes  no  meBlton  of  his  hnviog  added  my  iitgre^ 
diml  td'  the  w*ier  in  the  put  of  his  work  abate  rdbtred  lOt  who*  ha  alliidM  to  tba 
exp«rtrn(![it. 

f-  John  Dtilland  wv  t>nrn  at  SpItalReldt,  in  Londoti^  in  ihe  }-ear  1706.  He  wu  de^ 
M%ntJed  frittm  French  ancestors,  whn  were  compelled  to  quit  Normandy  upon  the  revo* 
catiot)  lif  the  edict  of  Kanlei,  by  Louis  XI V,  In  early  life  he  worked  at  the  loom,  bu| 
ia  1752  he  jotDed  ht*  too  u  an  opttdati.  He  died  in  1761,  bavinff  been  almck  with 
ipaplexy,  whtJc  engaged  in  an  intense  study  of  Clniraut's  Theory  of  the  Moon^ 
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%vould  form  au  ohJGct-glass  for  a  telescopej  capable  of  producing  as  iittigie 
fi"ee  of  colour. 

In  tbo  Philosophical  Transactions  fov  \~b^,  Dollond  pointed  out  that 
the  Inw  of  dispersion  assumed  bj  Euler  was  incoiisisteut  wiih  the  conclii- 
siou  immediately  deduclble  from  the  eiperimenla  of  Newton  on  the  sub- 
ject, and  therefore  he  maintained  that  the  resalt  of  his  re&earchea  ootiM 
not  be  entitled  to  any  confidence.  Soon  afterwards,  however,  Klingett* 
stiema,  an  eminent  Swedish  philosopher,  succeeded  in  demoustmtiitg  tbil 
the  result  of  Newton's  experiment  was  at  variance  with  certain  sckn^w* 
lodged  phenomena  of  refraction,  and  upon  this  ground  he  jually  asserted 
that  it  could  not  be  received  as  the  true  law  of  nature. 

Dollond,  ^Tho  was  endowed  with  the  true  spirit  of  pliilosephicaJ  wiqaiit. 
now  resolved  to  satisfy  his  mind  upon  the  subject  by  actuul  expericnent. 
Willi  this  \iew  he  formed  a  prismatic  veaacl  of  water,  the  side*;  of  whkb| 
were  composed  of  plate-glnes,  and  inserted  into  it  a  glass  prism,  so 
the  v^'aler  and  glas8  refracted  the  rays  of  light  in  opposite 
When  the  angles  of  the  two  prisms  were  so  adjusted  that  the  enw 
ray  was  parallel  to  the  iucident  ray,  he  found  that  the  emergent  rayl 
tinffcd  ivith  di^ercnt  colours^  a  reault  directly  contrary  to  that  which  " 
ton  obtained  in  a  similar  inetauce.  Fui^uLng  his  experiment,  Dollond 
fouud  that  when  the  angles  of  the  two  prisms  bore  a  cr^rtain  relation  lo 
each  other,  the  taya  of  light  emerged  free  of  colour,  while  at  the  same 
time  they  were  deflected  from  their  original  course.  It  appeared,  then, 
that  although  the  refractions  of  the  rays  in  passing  through  the  Iwo 
prisms  were  uncompensated,  their  divergences  were  completely  conreted. 
and  the  unavoidable  conclusion  therefore  vm,  that  the  dispersion  of  the 
rays  of  light  did  not  depend  simply  on  the  mean  anj»le  of  refraction,  •» 
Newton  had  Buppoged,  but  that  it  was  also  iiifltienced  lo  a  certain  ^xtmt 
by  the  nature  of  the  refracting  substance. 

It  now  occurred  to  Dollond  tlmt  a  siroilar  effect  might  ho  produred  by 
combining  lopether  prisms  of  glass  of  different  qualities.  By  a  sene*  of 
experiments  he  discovered  that  of  the  various  kinds  of  glass,  crown-] " 
produced  the  least  dispersion  of  the  rays,  and  fltnt-glast  the  ^ 
lie  moreover  found,  that  if  s  prism  of  flint-glass,  and  one  of  erown-j 
were  so  combined  as  to  refract  the  rays  of  light  in  oppoeiie  dtrectkMOi» 
and  if  the  angles  of  the  two  prisms  were  bo  related  to  each  other  ihattbi 
refraction  produced  by  tlie  fliut-glasa  was  to  that  produced  by  the  crotn* 
glass  as  two  to  three,  the  dispersion  of  the  mys  would  bo  ooBipVetdl/  oor* 
rected,  and  they  would  emerge  from  the  com^wund  ref meting  salioltBet  it 
an  angle  incUtwd  to  their  original  course. 

The  step  to  the  constructtoti  of  an  object-glass  for  a  tole«cope  wtikll 
would  [jroduce  an  image  free  of  colour  was  now  obvious.  Dolumd 
ceived  that  this  might  be  ettected  l»y  combining  a  convex  lens  of 
glass  with  a  concave  lens  of  Hint-glass,  the  focal  distances  of  tho  two 
lieing  in  tha  proportion  of  tiieir  disjjersive  powers,  lie  therefbrt 
structed  objectglassca  upon  this  principle,  which  were  foond  to  _ 
tho  effect  contemplated,  and  thus  ha  was  enabled  to  execute  t«l< 
in  which  the  indigtinrtness  arising  from  the  unequnl  rcfningitiiliiy  of  IT^ 
was  completely  obviated  *.  The  term  rtc/iroHia/ic,  which  ha«  been 
applied  to  such  telescoped,  vvas  originally  suggested  by  Dr.  BctU, 

*  For  »a  account  nf  Dtjllood'a  GXjjeritucntj  n;laling  to  the  diajwniuB  of  ligjfat,  ttt  PH 
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^ Although  DoUond  is  entitled  to  the  credit  of  hnviug  executed  achro- 
fciic  telescopes  by  tbe  aid  of  bis  own  researches  on  the  dispersion  of 
light,  there  is  reasoti  to  believe  tbat  he  was  not  the  fiist  individual  who 
accomplished  that  object.  It  appears,  in  fact,  that  as  early  as  the  year 
1729,  Chester  More  llall,  a  geDtleman  residing  in  Essex,  having  reflected 
npofi  the  circudiatance  tlmt  the  different  humours  of  the  eye  so  refract 
ibe  mys  of  tight  as  to  produce  images  free  of  colour,  waa  led  to  consider 
the  possibility  of  combining  together  ditlerent  substances,  &o  ob  to  form 
object-glasses  for  telescopes  which,  would  produce  a  similar  effect.  After 
derotiDg  some  time  to  the  enquiry,  he  found  that  by  combining  together 
dilffereDt  kinds  of  glass,  the  effect  of  the  unequal  refrangibility  of  light 
vm  corrected;  and.  in  1733>  he  succeeded  in  executing  telescopes  nhich 
exhibited  objects  quite  free  of  colour.  One  of  these  instruments,  although 
its  Jbcal  length  was  no  more  than  50  inches,  bore  an  aperture  of  iJj 
ioches.  More,  wlio  was  living  in  independent  circumstances,  and  who 
spears  to  have  been  nowise  anxious  about  his  reputation,  did  not  take 
any  trouble  in  communicating  his  invention  to  the  world  *.  It  has  been 
inainunted  that  Dollond  had  seen  one  of  More's  telescopes,  and  that  he 
was  indebted  to  tliis  circumstance  for  his  construction  of  the  achromatic 
object-glass ;  but  the  statement  does  not  rest  upon  any  solid  foundation^ 
and  therefore  it  can  only  be  regarded  as  an  unfounded  calumny^. 

The  achromatic  telescopes  of  Dollond  Boon  became  known  throughout 
the  whole  civilised  world,  and  were  universally  adopted  by  astronomers  as 
affording  an  incontestable  ad vaittage  over  the  ancient  refracting  telescopes. 
In  one  respect,  however,  they  laboured  nnder  a  defect  which  very  much 
restricted  tJie  range  of  their  eiBciency.  This  consisted  in  the  impossibi- 
lity of  obtaining  pieces  of  pure  iiint-gloss  of  sufficient  magnitude  to  serve 
for  telescopes  of  large  aperture.  It  happened,  from  this  circumstance,  that 
so  astronomical  discoveries  of  importance  resulted  from  the  invention  of 
the  achromatic  telescope.  Huygbens  and  Cassini,  by  their  combined  ex- 
ertions in  the  preceding  century,  seemed  to  have  so  thoroughly  scrutinized 
the  celestial  regions,  as  to  leave  little  or  nothing  to  be  gleaned  by  their 
saocessors^  until  instruments  should  be  constructed  capable  of  penetrating 
still  fiirtlier  into  the  bosom  of  space.  This  remark  is  applicable  to  re- 
flecting as  well  as  refracting  teltsscopes;  for  it  is  to  be  home  in  mind,  tliat 
not  a  single  discovery  had  yet  been  made  in  the  heavens  by  the  use  of  a 
telescope  constructecl  upon  the  principle  of  reflexion. 

At  length  the  discoveries  of  Herschel  introduced  a  new  era  iji  the  histoiy 
of  celestial  physicg.  This  highly-gifted  individual,  while  occupying  the 
humble  situation  of  organist  of  the  Octagon  Chapel,  B^th,  to  which  he  was 
appointed  in  the  year  1706,  was  in  the  habit  of  devoting  his  leisure  hours 
to  the  study  of  mathematics,  and  various  branches  of  physical  science, 
more  espedally  optics  and  astronomy.  Happening,  on  one  occasion,  to 
obtain  the  temporary  use  of  a  2-feet  Gregorian  reflector,  he  was  so 
transported  with  the  celestial  wonders  which  it  revealed  to  him,  that  ho 
conceived  a  passionate  desire  to  procure  a  similar  instrument  for  him^ielf, 
wid  he  instructed  a  friead  iu  London  to  purchase  one  for  him.     The  price 

^V  Thif  account  is  laken  from  the  Genilanan'a  Magazine  ffjr  1790,  Part  II.,  p.  S90. 
Tlie  author  rtalet,  ihat  in  rt  iriat  at  Westminster  Hall,  about  the  paJcm  for  toakin;;  achro- 
tniiic  telescopef,  Mr.  Hall  via&  ttllaned  to  be  the  inventor;  but  Lord  Miinsfic^ld  ob- 
■erred,  tbat  *' it  wai  not  the  person  vibo  locked  his  invcnlion  in  hi«  «crototn;  fb«t 
lit  to  pFofit  for  iuvh   mvenUoBt  but  he  who  brought  it  forth  for  the  beiitrGt  of  tlie 
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dcraaniled  by  the  optician  proving  too  great  for  his  slender  means,  be  re- 
solved, with  the  trae  instinct  of  genius,  to  rely  upon  his  own  personal 
resources  for  attaining  the  object  of  his  wish;  and  after  a  course  of  perse- 
vering efforts,  he  at  length,  in  the  year  1774,  enjoyed  the  satisfaction  of 
sun'eying  the  heavens  with  a  5-feet  Newtonian  reflector,  which  he  con> 
Btructed  with  his  own  hands.  This  was  speedily  followed  br  other 
reflectors  of  7-feet,  10-feet,  and  even  SO-feet  focal  length,  all  of  which 
were  exquisite  specimens  of  artistic  skill. 

Armed  with  such  powerful  instrument];,  Herschel  now  proceeded  to 
explore  the  heavens  with  all  the  enthusiasm  which  genius,  stimulated  by 
success,  is  capable  of  inspiring.  He  soon  convinced  astronomers  that  he 
was  no  ordinary  amateur,  who  had  betaken  himself  to  the  observation  of 
celestial  phenomena,  by  the  high  magnifying  powers  which  he  employed, 
amounting  to  2000,  3000,  and  even  m  some  instances  to  6500.  These 
numbers  far  surpassed  the  magnifying  powers  hitherto  employed  in  tele- 
scopic observations.  In  1781  hb  perseverance  was  rewaraed  by  the  dis- 
covery of  the  planet  Uranus.  Soon  afterwards,  George  III.  having  bestowed 
upon  him  a  liberal  pension,  he  abandoned  his  original  vocation,  and  hence- 
forth devoted  himself  exclusively  to  astronomical  pursuits.  Having  le- 
moved  from  Bath,  he  established  Iiimself  first  at  Datchet,  in  the  neighboor- 
hood  of  Windsor,  and  subsequently  at  Slough,  where  he  continued  daring 
the  remainder  of  his  life  to  prosecute  a  career  of  astronomical  discovery, 
which  has  few  parallels  in  any  age  or  countrj'.  The  telescopes  which 
Herachel  employed  in  the  early  part  of  his  astronomical  observations, 
were  all  of  the  Newtonian  construction.  In  1780,  however,  he  laid  aside 
the  small  mirror,  and  adopted  the  form  of  construction  which  he  dis- 
tinguished  by  the  appellation  of  tk^  front  view.  By  giving  a  slight  incli- 
nation to  the  speculum,  so  as  to  throw  the  image  a  liiUe  to  one  side  of  the 
tube,  it  was  possible  to  view  the  latter  directly  with  an  eye-glass.  Bj 
this  contrivance  the  light  usually  absorbed  by  the  small  mirror  was 
saved,  and  the  illumination  of  the  image  increased  in  a  corresponding 
degree.  In  such  a  telescope  it  is  obvious  that  the  observer  looks  at 
the  image  with  his  back  turned  towards  the  object.  Herschel  applied 
this  form  of  construction  to  all  the  instruments  which  he  subsequently 
employed  in  his  astronomical  observations.  His  discovery  of  two  satel- 
lites around  Uranus  was  a  result  which  speedily  followed  fts  adoption. 
It  is  right  to  mention  that  a  similar  form  of  construction  had  been  already 
proposed  by  Lemairc,  a  Frenchman,  as  early  as  the  year  1782. 

In  1 780  Herschel  surpassed  all  his  former  efforts  as  a  practical  opti- 
cian by  the  completion  of  a  telescope  of  40-feet  focal  length  and  4-fect 
aperture.  This  gigantic  instrument  was  no  sooner  turned  towards  the 
heavens  than  it  revealed  to  him  the  existence  of  two  satellites  around 
Saturn  whiirh  had  hitherto  escaped  the  scrutinies  of  astronomers.  It  is 
impossible,  within  a  moderate  compass,  to  give  even  a  simple  enumera- 
tion of  tho  multitude  of  brilliant  discoveries  in  celestial  physics  which 
rewarded  tho  labours  of  this  great  astronomer.  It  may  be  remarked, 
however,  that  admirable  as  were  the  immediate  results  of  his  telescopic 
observations,  thoy  would  have  failed  to  secure  to  him  the  exalted  place 
which  is  now  nuivorsallyassigu^d  to  him  in  the  history  of  astronomical  dis- 
covery, if  ho  had  not  at  the  same  time  been  endowed  with  a  mind  of  rare 
origiualily  and  ]>o\ver,  combined  with  a  strong  turn  for  speculation. 

For  many  voarM  after  the  invention  of  the  achromatic  telescope,  the  ms* 
nufacturo  of'  ilint-glass  continued  to  be  confined  to  England,  which 
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eoirntiT,  in  oonse^iuenee,  ^imjoyed  an  exdiijftive  privilege  in  the  conslmfr- 
tion  of  insliuraenta  of  ttiis  description.     At  IftugtU  Guinand.  a  liunibid 
neebKnic  of  Brenetx,  a  small  village  iu  the  Canton  of  Neufclmtel,  Sflii- 
icflfaitd,  hAring  turned  his  attention  to  ih©  inftnufactum  of  flini-ghifis 
t9inurdB  the  cloae  of  the  eighteenth  century,  succeeded,  after  a  long  coumse 
pvrBevenng  eifoit*,  in  producing  masaesof  that  Bubatance  perfectly  free 
Viiim,  and  therefore  adapted  for  the  conatnietion  of  object- glasses  of 
MCopea.     Fraueuhofcr*,   the   Bavarian  optician,   having  be*n  made 
tcqnainted  with  tbe  n-ondetful  eucoess  of  Guinand,  resolved  to  take  ad- 
Tantage  of  the  circumstance,  and  with  n  view  to  this  object  he  inilnced 
iha  Swiss  artizan  to  remove  to  Munich,  in  the  year  1805.    This  eminent 
individual,  who  was  no  less  remarkable   fur  sagacity   in   philosophical 
enquiries  than  for  skill  as  an  artist,  possessed  peculiar  qualifications  for 
nrofiting  by  the  inslitictions  of  Guinond,  nnd  lie  soon  succeeded  in  attain- 
ing unexauinled   excellence   in   the   construction  of  achromatic   object- 
glasses.     Telescopes  were  now  executed  by  Fmuenhofer.  the  apertures  of 
whieh  far  eicceeded  anythitig  hitherto  known  since  the  discovery  of  achm- 
taatiatQ.     It  was  with  one  of  these  instramenls,  having  an  aperture  of 
0v9  inches,  and  a  focal  length  of   15  ^  feet,  that  M.   Stmve  made  the 
series  of  mkrometrical  nneasufements  of  double  stars  at  Dorpat^  between 
LJh«  yean  ISfli  and  lH;t7.  which  hare  rendered  the  tiarae  of  that  astro- 
^Bem^r  so  deecrredly  fumous.     With  another  of  thero,  having  an  aperture 
^Kr  I'J  inches,  and 'a  focal  length  of  18  feet,   M.   Lamont,  of  Munich, 
^fthide  thosd  iutefe«tiiig  obsenationa  of  the  sstelliles  of  Vranus,  to  which 
^■llu^ion  has  been  made  in  one  of  the  preceding  chapters.    Frauenhofer 
^Bhu  contemplating  the  exeeution  of  oltject-ctasaes  of  ^lill  greater  mng- 
fiituda  than  either  of  those  above-mentioned,  when  his  brilliant  career 
was  unfortunately  brought  to  a  close  by  a  prematnro  death.     His  succes- 
sors. MM,  Merz  and  Mahler,  have  succeeded  in  effectually  realising  his 
vfeirs.     Among  the  chef-d'trttvres  o(  these  artists  may  he  cited  the  famous 
rcfmrt^rs  of  Pulkowa  and   Cambridge.   U.S,,  to  both  of  whirh  instni- 
n)^ti(<i  ftlluston  has  already  been  made  in  th«  foregoing  part  of  this  work. 
fiuinand  remained  at  Munich  from  1B05  till  1811,  in  which  year  be 
finally  returned  to  his  native  country.     A  few  years  aftetwards  hei  was 
Tisited  by  Lerebours,  an  eminent  French  oplicifln.  who  purchssed  of  him 
all  the  fliut-glaas  in  his  possession.     Subsequentlj  he  also  supplied  Cnn- 
choix,  another  ariistof  Paris,  with  portions  of  the  same  valuable  substance. 
The  French  opticians  nkilfully  worked  the  material  into  object-glasses, 
and  in  this  manner  refracting  telescopes  came  to  be  constructed  in  i'ranee, 
rivalling  the  most  finished  productions  of  the  Munich  artists,     England, 
which  contiuued  long  to  be  the  e.^sclusive  seat  of  tl»e  manufacture  of 
AcliromaUu  telescopes,  had  the  mortification  of  finally  seeing  both  Oer* 
many  and  France  completely  outstrip  her  in   this  branch  of  practical 
o^itics.     This  result  she  owed  to  the  short-sighted  policy  of  the  Govern- 
ment, which  had  placed  an  exorbitant  duty  on  the  mauufacture  of  tlinl- 
glass.     The  removal  of  this  pernicious  impost  a  faw  years  since,  luia 
giveu  a  new  impulse  to  the  art,  and  already  results  have  been  achieved 
which  seemed  to  indicate  that  before  a  long  period  shall  have  elapsed, 
refracting  telescopes  will  be  eiccuted  in  this  country,  rivalling  the  most 

*  Joi^nh  Frauenhofer  wu  \tora  in  tlwyear  1787,  «t  Straubinjnr,  in  Bavaria.  D<?iiidei 
tnvjii^  ntlsiried  unrivalled  eminence  in  nls  profenional  vocation,  be  itbicvod  imii}^ 
I<ii|.urr%nt  discoveries  in  phy'ic^l  optica.  He  died  in  1026,  nhite  yet  in  lljc  pritne  of 
life  -.  but  hv  left  behind  him  in  iroroorta!  rpputalion. 
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powerful  iuslrumenU  of  the  same  kind  ivhich  have  einaiiated  fcom  tbe 

workshops  on  the  Coutiiieut*. 

While  ihe  refracting  telescope  has  been  rendered  vastly  more  efBdenl 
in  modern  times,  the  reflecting  telescope  has  teceiv&d  a  correis|x>Ddiiig 
degree  of  improvement.  During  the  present  century  several  very  klge 
telescopes  were  constructed  upon  this  principle  by  the  late  Mr,  ~ 
of  Aberdeen,  an  individual  of  considerable  originality,  who  posS€ 
remarkable  aptitude  for  mechanical  inventions.  The  perfection  of 
instruments  does  not  seem,  however,  to  have  been  commensnrate  with 
their  magnitude,  for  they  have  been  employed  only  to  a  very  limited 
extent  in  astronomical  observations.  In  more  recent  times,  Mr.  Lasscll, 
of  Liverpool,  has  especially  distinguished  himself  by  his  skill  in  the 
oonetruction  of  reflecting  telescopes.  With  a  Nexvtonian  reflector  <rf  a^foet 
aperture,  iwhich  he  executed  with  his  own  hands,  he  has  discovered  th» 
tiiingle  Batellite  of  Neptune,  and  the  eighth  sateUite  of  Saturn  ;  while,  at 
tbo  eame  time,  he  has  been  enabled  by  its  use,  to  make  several 
interesting  physical  obserTStions  of  the  planetary  bodiea.  In  tim 
struction  of  teilectiug  telescopes  the  Earl  of  Rosse  has  attained  a  def{f«« 
of  excellence  vhich  far  surpasiscs  all  previotis  efforts  of  the  kind.  It  ii 
imposaible  here  to  give  any  account  of  the  multitude  of  admirable  cson- 
trivances  by  menus  ai  which  that  distinguished  nol>lcnmu  has  succeeded 
in  bringing  hia  telescopes  to  so  high  a  state  of  perfecuon^  It  must  •■{• 
lice  to  state,  that  in  1840,  he  completed  n  Newtonian  reflector  of  3 
aperture,  which  he  subsetiuently  employed  in  astronomic  obsemt 
Phenomena  of  a  highly-interesting  nature  were  soon  diflcloaed  1^ 
of  this  powerful  instrument.  Several  nebuls',  hitherto  observed  as  such 
in  the  most  powerful  telescopes,  were  resolved  into  dusters  of  stars.  whiJt 
others  exhibited  forms  totally  different  from  those  which  had  been  hitherto 
assigned  to  them.  In  1845  Lord  Rosse  ga\o  to  the  world  a  still  mwt 
striking  proof  of  lys  practical  talents,  and  his  devotion  to  astrononuot 
science,  by  the  consti'uctlon  of  a  reflecting  telescope  of  6-fcet  aj 
and  54,-feet  focal  length!  Tlds  magnificent  inslruraent,  by  far  tlM 
powerful  wliich  the  genius  of  man  has  hitherto  executed  for  the 
of  exploring  the  gnmd  phenomena  of  the  heavens  has  alreudy.  in  the 
of  its  noble  owner,  done  valuable  service  to  aatronotuy,  by  ibe  light  itl 
it  lm3  thrown  upon  the  structure  of  the  nebular  part  of  tiie  universe i 

The  brilliant  success  which  has  attended  Lord  Rosses  efforts  U 
construct  reflecting  telescopes,  has  suggested  to  several  eminent  an- 
entific  men  of  the  present  day  the  eipedjency  of  tninsporting  a  poireriiul 
instrument  of  ibis  description  to  the  southern  bemisphere.  for  lUe  pof« 

*  At  the  meeting  of  the  Brilisb  AssociatJon,  held  in  Ihc  monih  of  Julj  ofifie  prtKal 
yrnr  (1851),  at  I^wJch,  (he  Asirotioioer  Roykt,  )n  hif  openiagf  addrna  m  PnMnAtt 
ihe  AsKtciatioii,  stated  llmt  Mr.  Simmt  hoci  oMnpkted  the  flint-^iti  for  itn  wehromaUe 
Dbject-glau  of  13  iachei  in  diameter,  and  Uiat  he  wu  enfpiged  in  «xeciit(og  ona  lAI^ 
incliea.     He  iiImj  mentioned  thnt  Mr,   Ittwi  nat  uttemfaiDg  to  tiutLe  «i  oijr"*  -•^^^^ 
2  feel  in  diameter  t     U  ii  to  be  liojied  [luit  thctc  glataM  mij  lum  out  lo  be  i 
for  qiiAlirv  oa  well  as  sisti. 

f  Dr.  Kobin»on,  in  a  htkt  tcconnt  of  Lord  Roue*t  optical  laboiin,  delitered  «l  ihi 

m(«titig  iif  ihe  Britifh  AivNicralkin,  hbU  «t  Cork  in  184$,  has  reiDorkiHl  th&t  **  b«u«««o(h« 

tjihc^rieal  «nd  |Kiraliolic'  figuri<e,  l))*i  extrvnii!  difTerence  h  *o  «H|f1jt,  r^tcu  in  iIm  l«h 

of  G>fiBCt  aptiriurc,  tliat  it  (he  (no  SiLrfai'L-s  louched  at  tli  'VitltKnm  lij 

Icdgewoyld  not  aimnmt   lo  tho    -)n,(}a,lJ>   of  on   inch,  » 

md  none  wiilHiui:  the  mieroscopc,"     Tha  staterocnl  mav  »,...    ...   j 

tliu  f  sf|uaiite  delicacy  of  the  opej«tioti  nccciaary  for  giving  the  tpeculuin  hs  true  fum- 
IkiIic  Ilguia. 
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pose  of  emplojiug  it  in  physical  observations  of  the  celestial  bodies.  At 
the  meeting  of  the  British  Association,  vvhich  was  held  at  Edinburgh  in 
1850,  it  yras  agreed  to  memorialise  the  Government  upon  the  advantages 
Triiich  would  accrue  to  astronomical  science  from  the  practical  adoption  of 
such  «  scheme.  It  is  to  be  hoped  that,  ere  long,  steps  will  be  taken 
tomids  its  complete  realisation. 


CHAPTER  XXL 

Or^  of  Stellar  Astronomy. — Phyucal  Changes  observed  in  the  Starrv  Regions 

Ditappmnneb  of  Stats  from  the  Heavens. — New  Stars.— Stars  of  Variable  Lustre.— 
Pbotometric  Reaearches  on  the  Stan. — Attempts  to  Determine  Ibeir  Apparent  Dia- 
meten.  —  Spaoe-penetrating  Power  of  Telescopes. — Applied  to  ascertain  the  relative 
Diatances  of  the  Star*.  — Absolute  Distances  of  the  Stars  determined  by  Photo. 

metric  Prindplea.— Parallax  of  the  Fixed  Stars. — Early  Researches  on  the  Subject 

Modem   Researches. — Bcssel Henderson. — Struve. — Peters. — Proper    Motions  of 

the  Start. — Motion  of  the  Solar  System  in  Space. — Double  Stars.— Discovery  of  their 
Physical  Connexion  br  Sir  William  Hcrschel. — Methods  for  determining  the  Elementa 
of  their  Orbits. — Nebulie. — Speculations  of  Sir  William  Herschel. — Modem  Re- 
■eiches  on  the  Subject — Sir  John  Herschel.— The  Earl  of  Rosse.— Early  Specula- 
IkMH  on  the  Milky  Way.— Theory  of  Wright. — Observations  of  Sir  William  Herschel. 
— SpeculationB  of  that  Astronomer  on  the  breaking  up  of  the  Milky  Way.— Re- 

seidiea  of  Strove  on  the  Distribution  of  die  Stars  in  Space Gauges  of  Sir  John 

Hcfschel  in  the  Southern  Hemisphere. — Speculations  of  M.  Struve  on  the  Extinction 
of  L^ht  in  its  Passage  through  Space. 

Thb  aspect  of  the  starry  firmament  furnishes  one  of  the  most  glorious 
spectacles  which  nature  displays  throughout  the  entire  range  of  her  widely- 
oivenified  empire.  The  multitude  of  luminaries  witli  which  the  blue 
TBult  of  heaven  appears  bespangled,  the  endless  variety  of  lustre  which 
they  exhibit,  the  striking  configurations  which  they  form,  and  the  calm 
r^nlarity  with  which  they  pursue  their  nocturnal  courses — all  conspire 
tt^ether  in  awakening  a  feeling  of  adoration  in  the  most  listless  spectator, 
vlale  at  the  same  time  they  are  eminently  calculated  to  excite  the 
enquiries  of  the  more  rational  observer  of  physical  phenomena.  Attention 
oomd  not  long  have  been  directed  to  the  appearauce  of  the  starry  heavens, 
before  it  was  discovered  that,  except  in  a  few  instances,  the  entire  multi- 
tude of  luminaries  constantly  maintained  the  eame  relative  position. 
Hence  they  received  the  appellation  of  Fixed  Stars,  an  expression,  how- 
ever, which  is  now  found  to  be  inaccurate,  since  the  researclies  of  modern 
astronomers  have  served  to  demonstrate  that  many  of  the  stars  are  affected 
by  very  minute  movements,  while  at  the  same  time  it  can  hardly  be 
doubted  that  they  are  all  subject  to  a  similar  influence. 

During  the  early  period  of  astronomical  science,  the  fixed  stars  were 
observed  merely  on  account  of  their  utility  in  forming  reference  points,  by 
means  of  which  the  apparent  positions  of  the  planetary  bodies  might  be 
determined  with  greater  accuracy,  and  the  laws  of  their  movements  hence 
ascertained.  Indeed,  the  Ptolemaic  astronomy,  by  making  the  whole 
sphere  of  the  stars  perform  a  complete  revolution  round  the  earth  once 
in  every  twenty-four  hours,  assigned  to  those  luminaries  a  very  subordi- 
nate place  in  the  physical  universe.  When  the  immortal  Copernicus 
restored  the  true  system  of  the  world,  the  stars  assumed  their  just  dignity 
as  vast  bodies  placed  at  an  immeasurable  distance  from  the  earth ;  but 
it  seemed  hopeless  ever  to  arrive  at  any  knowledge  respecting  their 
physical  constitution.     At  length  the  invention  of  the  telescope,  about 
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the  begiimiiig  of  the  seveuteet^th  centufj,  by  removing  Ihe  rr'-''  had 

BO  long  conceateil  those  remote  oris  from  the  scrutmjes  of  ;  uaii 

mind,  gave  an  unexpected  impulse  to  researches  of  this  nature*  From 
the  epoch  of  Oalileo'a  brilliant  discoveries  in  the  celesti&l  regioag,  b»t 
be  Bfud  to  date  the  origin  of  Stellar  Astranontj,  a  branch  of  eaqpiry  vhica 
has  ever  since  attracted  more  or  less  attention,  and  "whicbr  in  recent  thses 
especially,  liaa  excited  an  intense  degree  of  interest. 

That  the  sLara  are  so  raanj  suns  ehiniug  bj  their  own  light,  ia  an 
opinion  which  seetoa  to  have  been  entertwiaed  by  some  of  the  Ancieat 
phllosophera.  Tbid  view  nf  theii'  iiature  came  to  be  universallj  adopted 
upon  the  establishment  of  ttie  true  system  of  the  world  by  Cop0riaoal» 
einoe  it  was  considered  to  be  improbable  in  the  highest  decreet  that  I  " 
ehining  by  reflected  light  would  he  visible  at  the  earth,  when  at  the 
time  their  dlslatice  was  so  immense,  that  they  did  not  exhibit  any  ecnviH^ 
chuuge  of  po&itioti  even  'ivhen  viewed  at  the  opposite  extremities  ol  a 
diameter  of  tlie  terrc'strial  orbit. 

The  nuTubev  of  stfir^  visible  to  the  naked  ejfe,  is  Found  lo  ttosottnl  oaly 
to  a  few  tliou^auJs;  for  although  at  firnt  sight  they  seem  to  he  itinuni(? 
rable,  yet  n  closer  ecrutlny  of  the  heavens  soon  serves  to  cou\inc«  the 
observer  that  be  baa  been  labo«ring  under  a  delusion  in  thb  respect. 
But  what  the  mi  aided  organ  of  vision  merely  suggests  to  the  imagina^ 
tion,  viihout  affording  any  substantial  grnuiuk  of  belief  in  its  existence. 
an  examination  of  the  starry  heavens  with  the  telescope  has  pmved  to  b« 
a  reality.  Mullitudys  of  stars  are  then  perceived,  which  were  inTisiblc  b> 
th«  naked  eye.  Tho  number  also  thus  disclosed  to  riew.  eontinaally 
fttigments  with  each  successive  increase  of  the  optifal  power  of  ijit  in* 
strument,  until  the  imagination  is  at  length  absoklely  overwhelmed  with 
the  eountlii^a  myriada  of  suns,  and  systems  of  suns,  wliich  are  fonnd  lo 
people  the  immensity  of  space. 

The  ancient  philosophers  supposed  the  celestial  bodies  to  he  essentiillf 
incorruptible  and  eternal,  and  hence  mamtained  that  they  ^rere  not  wb- 
ject  to  phjsiciil  changes,  as  in  the  case  of  bodies  at  the  surfac-e  of  tlrf" 
earth.  The  progress  of  astronomical  science,  however,  has  sensed  amp^t 
to  demonstrate  that  those  brilliant  orbs  are  not  e:^empt  from  the  pttl 
law  of  mmtntion,  to  which  all  the  other  objects  of  the  created  unirer** 
appear  to  be  liable.  Esi.lu3ively  of  the  evidence  afforded  by  the  obwrm- 
tioos  of  astronomers  on  the  physif^l  constitution  of  the  son,  ihenj  *» 
various  stellar  phenomena  of  a  highly-interesivng  nature,  irbich  coiKxir  hi 
establishing  this  importattt  fact,  A  brief  alkieion  to  some  of  thrm  roaj 
not  perhaps  be  unacceptable  to  the  render. 

In  aonie  instances,  stars  ivhieh  have  shone  for  ages  in  tins  firm* 
have  ceased  to  be  risilde.     A  commrisoTi  of  oatAlogtses  of  ihr  utarn 
fitruRted  for  difreremt  epochs,  vrouM  indeed  seem  to  indicate  that  «  (frat 
number   of  such   objects   that   wero   formerly  visible   in   the   rr-lf^dil 
sphere,  have  totally  Taiiished ;  but  it  is  probable  that  Jn  mo^t 
case?  the  dii^cordance  is  attributable  to  the  imperfection  li 
observation*  of  astronomers.      Stars,  hoxvpver,  h.Txe  bccti  n 
Montanari**  Mnraldi  f.  and  Sir  William  Hers<  i; 

ttnction  there    hardly  exist    grounds  for   clll. :.„...„   _.      : 
doubt. 
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Varitnis  new  stars  are  recftided  in  hiatorj,  which  after  having  shone 
vith  greftt  sp1ei3clo\ir  for  a  short  time^  ihen  gradually  faded  away  until 
the  J  ceased  to  be  visible.  Thus  Pliuy  asserts,  thai  tlie  appearance  af  a 
new  star  in  the  time  of  Hipparchus,  about  the  year  130  a.d,,  was  the 
oceasion  of  inducing  that  aatrcmomer  to  construct  his  famous  catalogue 
of  the  stars.  A  new  star  i§  mU  to  have  appeared  in  the  reign  of  i1j« 
Emperor  Honorius,  about  the  year  390  a,d.  ;  also  one  in  the  reigu  of  thd 
Empervr  Otho,  alwut  the  year  945  ;  and  again  a  phenomenon  of  a  similar 
BMure  in  the  year  1 304. 

Bin  tlie  year  1572,  there  appeared  a  splendid  new  star  in  the  constel- 
lon  of  Cassiopeia,  which  is  memorable  for  being  the  earliest  of  such 
phenoToena  respectinjj  which  any  authentic  particulars  have  been  recorded 
by  astronomers.  This  atar  was  ohaened  by  Tvcho  Brahe,  who,  in  a  long 
work,  written  eipresaly  on  the  subject,  has  given  a  detailed  account  of  j 
the  Tflnous  circumstances  connected  with  its  appearance;  including  a 
crilteal  discussion  of  the  speculations  of  his  contemporariea  on  its  pro» 
btthle  origin.  It  waa  first  seen  by  him  on  the  evening  of  the  1 1th  of 
Noiremher,  1574.  It  then  SQqiassed  in  lustre  the  brightest  of  th*i  Gxed 
Btars,  and  was  even  more  brilliant  than  the  planet  Jupiter,  althougli 
then  in  opposition  and  near  perihelion.  It  almost  rivalled  Venus, 
and,  like  that  planet,  n-as  seen  by  some  persons  even  in  the  daytime. 
During  tlie  remaining  part  of  November,  it  continued  to  shine  witM 
nndiminished  lustre  ;  but  it  subsequently  began  to  decline,  and  it  gi^ 
dtially  grew  fainter,  until  at  l(?ngih,  in  the  month  of  March,  157i,  it 
eettstd  to  be  visible,  The  colour  of  this  extnwrdinary  object  underwent  a 
sticceaaion  of  changes  during  the  period  of  its  ftppearance.  When  it  first 
became  visible,  it  shon?  with  a  bright  white  light,  like  Venus  or  Jupiter. 
It  then  acquired  a  yellowish  tinge;  afterwards  became  ruddy,  like  Mars 
or  AHebai^ii;  and  finally  exhibited  a  leaden  hue,  like  the  planet  Satura  *. 
Tycho  Bralie  supposed  it  to  be  generated  from  the  ethereal  substance  of 
which  he  imagined  the  Milky  Way  to  be  composed,  and  to  have  been 
afterwards  dissipated  by  the  light  of  the  sun  and  the  other  stars,  or  to 
have  dissolved  spontaneously  from  some  internal  cause f.  A  more  modern 
hypothesis  baa  referred  the  origin  of  the  phenomenon  to  some  vast  com- 
bustion, an  eitplanation  which  receives  some  degree  of  support  from  th6 
gradual  change  of  crjlour  which  the  light  of  the  star  exhibited. 

A  few  yea  re  after  the  close  of  the  siiteenth  century,  another  splendid 
new  star  burst  forth  in  the  constellation  of  Serpentarisis.  In  this  instance 
the  phenomenon  was  witnessed  by  many  eminent  astronomers,  including 
Kepler,  who  wrote  an  interesting  dissertation  on  the  snbject  of  its  appear- 
ance;. It  was  first  seen  by  that  astronomer  on  the  17th  of  October, 
1604.  It  surpassed  in  brightness  the  stars  of  the  first  magnitude,  as 
irell  as  the  pl«ncts  Mars,  Saturn,  and  Jupiter,  all  of  which  were  in  its 
vicinity.  IJke  the  star  of  t">7iJ,  it  began  to  decline  soon  after  its  appear^ 
anco,  and  finally  ceased  to  be  visible  between  October,  1005,  and  February, 
IfiOe.  Kepler  was  of  opinion  that  it  wa3  generated  fi'om  an  ethereal 
Btibstance,  not  confined  exclusively  to  the  region  of  the  Milky  Way,  ai 
Tycho  Brahc  had  supposed  in  the  cme  of  the  star  of  157S,  but  pervading 
all  space.  In  connexion  with  this  explanation  of  the  origin  of  the  star, 
he  remarked,  that  the  lumicuus  ring  observed  around  the  dark  body  of 
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the  moon  at  Nftples  duriiifj  tlie  totnl  eclipse  of  ihe  sun  which  hupp* 
ia  tbe  year  ItiOG,  wus  occasioned  by  tlie  existence  of  such  a  subai 
around  the  sun  *, 

The  new  stars  of  14T3  and  1604.  are  tnemomble  iu  the  liistory  of 
astronomy,  for  the  extraordinarj  splendour  with  wliich  they  suddenljr 
burst  forth  upon  the  world.  Several  phenotneoa  of  a  simiiar  nature  " 
Bubaaquently  been  observed^  hut  thej*  have  not  eihibited  such  reniarli 
features  as  tlie  stars  just  mentioned. 

A  comparison  of  the  writings  of  ths  ancient  astronomers  vith 
reeuUa  of  actual  observation,  would  seem  to  indicate  that  some  stars  \i/^ 
undergone  a  pormaucnt  change  of  bngbtness.  Besides  these,  howerer, 
tliere  are  several  stars  which  have  been  recognisted  in  modem  dmes  ia  be 
subject  to  periodic  variation  a  of  lustre,  completing  the  cycle  of  tbcir 
phases  in  comparatively  abort  inten-ala  of  lime.  The  most  celebrated  of 
these  is  the  star  iu  the  neck  of  the  Wbale,  which  Btiyer  has  marked  in 
liis  charts  with  the  Greek  letter  omkron,  and  which,  in  consequence  «f 
the  singular  chaugea  eiUibited  by  it,  was  termed  Afira  Ceti.  This  8tsr 
waft  iirat  seen  by  David  Fabriciua,  on  the  IStJi  of  August,  l5Dn  f  ;  and  wt 
it  disappeared  in  the  follomng  October,  it  was  considered  by  Kepler  and 
the  other  astronomers  of  the  time  to  have  been  a  new  star,  like  the  one 
of  1573.  It  was  first  recognised  as  variable  by  Phocylides,  a  Dutdi 
philosopher,  who  commenced  his  observations  of  it  in  the  year  163**  I- 
Bouilknd,  by  a  comparison  of  all  the  ohfiervationa  included  between  tlie 
years  16;J8  and  1&G7,  ascertained  that  its  variations  ore  periodic,  and  i]mt 
it  posses  through  the  course  of  ita  pliases  in  about  0S8  days.  Th*? 
more  accurate  resou'cbes  of  niodera  astronomeit  make  the  iicriod 
to  be  331  "^  15**  7  "^  g.  This  star  is  generally  invisible  to  tlio  naked  t 
for  about  five  months.  It  then  gmdually  increagea  until  it  attJiin^ 
brightness  of  a  Btiu*  of  the  second  magnitude ;  and  after  retnaii 
in  this  state  for  about  fifteen  days,  it  begins  to  decline  in  brighi 
diminishing  nearly  at  tlie  same  rate  as  that  at  which  it  had  forroerty 
increased. 

A  great  number  of  stars  Imve  been  recognised  by  modem  Dslnmoiiipn 
to  be  Bultject  to  variations  of  brightness  similar  to  those  remarkod  ia 
the  case  of  o  Ceti.  One  of  the  most  interesting  of  tbes#  ij%  the  bn|;lit 
star  iu  the  head  of  Medusa,  teruiod  Algol  or  $  Persei.  Moutannn,  aoJ 
afterwards  Maraldi,  found  that  it  was  subject  to  singular  {luituRtion.t  of 
brightness ;  but  no  attempt  was  made  to  ascertain  either  the  period  or  law 
of  variation,  until  Goodricke  commenced  his  observaiions  of  the  »tiiriii 
the  year  178S.  By  contiuuiug  for  some  time  to  watch  ita  succcsaivv 
phases  of  brightness,  that  acute  observer  found  that,  after  ivsenabliag  % 
star  of  tbe  second  magnitude,  for  about  two  days  thirteen  boars  aad 
tliree  quarters,  it  descended  iu  the  short  space  of  tiiree  hooia  And  a  half 
to  the  fourth  magnitude,  and  then  in  an  equal  interval  of  tim'* 
its  former  Lriglitness,  thus  completing  the  cycle  of  itj«  vanallor 
aliout  two  days  twenty  lioum  and  three  qtiartcre  |j-  By  a  sul 
companion  of  an  observation  of  the  Htar  by  Flamsteod,  who  in  Um^ 

•  Kfiiik-'r,  De  SteBa  iVbua,  cap.  Jtxiii.  p.  U5, 
f  IbiiJ.,cup.  xxii.,  p.  112. 
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I  The  re«4-jtrclic»  ttf  Bouillaud  on  the  flubit!ct  ap)i«iii«d  in  a  tmall  [ract.  ritl«tl«<t  *'  < 
A«tjtni(jmoi  mn  nila  dtio,"  Paris,  1067. 
B  Fill).  Tnitii.,  I7ea,  (I.  474,  ct  leq. 


BUTORT  OF  PHTSICAL  ASTBOKOUT.  541 

1696  noted  it  as  a  star  of  the  third  magnitude,  with  a  corresponding  ob- 
servation of  his  own,  he  determined  the  period  more  accurately  to  be 
2*  20 »»  48"  66»*. 

Another  interesting  star,  the  discovery  of  whose  variability  is  due  to 
Goodricke,  is  0  Lyra.  It  was  first  recognised  by  him  as  subject  to  changes 
of  brightness  in  the  year  1784.  He  was  originally  induced  to  fix  the 
period  of  variation  at  0^9^;  but  after  continuing  his  observations  for 
some  time,  he  found  that,  although  the  course  of  the  phases  very  nearly 
agreed  with  this  period,  an  exact  compensation  of  brightness  did  not  take 
fdace  in  less  than  12^  19  \  there  being  in  reality  two  maxima  and  two 
minimA.  When  it  attains  its  maximum  brightness,  it  is  equal  to  a  star  of 
the  third  magnitude.  At  one  of  its  minima,  it  appears  between  the 
fourth  and  fifth  magnitude,  and  at  the  other  between  the  third  and 
JbuTthf.  These  interesting  particulars  have  been  fully  confirmed  by  the 
recent  researches  of  M.  Ai^elander. 

It  may  be  remarked  respecting  variable  stars,  that  in  passing  through 
their  soccessive  phases,  they  are  subject  to  sensible  irregularities,  which 
have  not  hitherto  been  reduced  to  fixed  laws.  In  general  they 
do  not  always  attain  the  same  maximum  brightness,  their  fluc- 
tnations  being  in  some  cases  very  considerable.  Thus,  according  to 
Argelander,  the  variable  star  in  Corona  Borealis,  which  Pigott  dis- 
oovered  in  1795,  exhibits  on  some  occasions  such  feeble  changes  of 
brightness,  that  it  is  almost  impossible  to  distinguish  the  maxima  from 
the  minima  by  the  naked  eye ;  but  after  it  has  completed  several  of  its 
eycles  in  this  manner,  its  fluctuations  all  at  once  become  so  considerable, 
that  in  some  instances  it  totally  disappears.  It  has  been  found, 
moreover,  that  the  light  of  variable  stars  does  not  increase  and  di- 
minish symmetrically  on  each  side  of  the  nmximum,  nor  are  the  succes- 
sive intervals  between  the  maxima  exactly  equal  to  each  other. 

Several  persons  have  endeavoured  to  account  for  the  phenomena  of 
variable  stars,  but  no  satisfactory  view  of  the  subject  has  yet  been 
arrived  at  by  any  enquirer.  Bouillaud  sought  to  account  for  the  variations 
of  0  Ceti,  by  attributing  to  the  star  a  rotation  round  a  fixed  axis, 
and  supposing  the  greater  part  of  its  surface  to  be  obscure.  According 
to  Haupertius,  some  stars,  by  whirling  rapidly  round  their  axes,  became 
flattened  to  such  an  extent  as  to  resemble  millstones :  they  were,  more- 
over, liable  to  periodic  perturbations  from  the  action  of  opaque  bodies 
revolving  round  them.  Hence,  when  one  of  such  stars  presented  its 
flattened  surface  to  the  earth,  it  shone  with  its  maximum  brightness, 
and  when  seen  edgewise,  its  lustre  was  manifestly  a  minimum.  Good- 
ricke suggested  that  the  variations  of  Algol  might  perhaps  arise  from  the 
periodic  transit  of  an  opaque  planet  revohing  round  the  star.  Pigott 
assimilated  the  phenomena  of  variable  stars  to  the  solar  spots,  and  this 
view  of  the  subject  is  beyond  doubt  the  most  satisfiactory  that  has  yet 
been  advanced. 

The  Photometry  of  the  stars,  although  forming  one  of  the  most  im- 
portant subjects  of  Stellar  Astronomy,  has  hitherto  remained  in  a  very 
imperfect  condition.  The  usual  mode  of  designating  the  brightness  of 
the  stars  by  arranging  them  according  to  different  magnitudes,  is  both 
vague  in  theory  and  contradictory  in  practice.  It  is  vague,  inasmuch  as 
the  place  of  a  star  in  the  scale  of  magnitudes  conveys  no  definite  idea  of 

•  PbiL  Trans.,  1784,  p.  289.  f  PbiU  Tnu.,  1785,  p.  153,  et  scq. 
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tbt  aoantitj  of  ItgUt  emitted  bj  it.  relative  to  any  oLher  siar  i^hoee 
it  fl^ugsed  in  the  ms]e  ;  and  it  is  oootnidictiLFry,  iuastauch  as  in  num) 
IdBS  instances  the  earn©  star  bas  a  ditferent  magnitude  ASsi^ied  to  it  I 
different  authorities-  Bailly  propo8e<l  to  amend  ibe  system  of  6ti 
noroenclature  bj  determining  the  brightness  of  each  star  unoa  strict  pboto 
metrical  principles.  To  this  end  he  siiggested  ihiit  all  the  staris  sbouM 
be  observed  with  the  game  telescope,  and  thut  in  every  iustatice  the  aper- 
ture should  be  dirainiehed  iintil  tbe  stnr  ju3t  ceased  to  he  visible*,  li  is 
obvious  that  the  light  usually  emitted  by  atiy  star  to  the  earth  vroald 
be  inversely  proportional  to  the  corresponding  aperiure.  TUi* 
determining  tbe  relative  brightness  oi  the  gtars  la  uDexceptiotuiUf  j 
point  of  theory,  but  practical  dilUculties  have  hitherto  stood  in  the 
its  adoption  m  the  basis  of  a  new  system  of  nomenclature. 

Sir  William  Uerschel  rejected  the  system  of  magoitudes  altogether)  at 
unworthy  of  any  reliance,  and  detennined  the  relative  brighcnesaaTAgrial 
number  of  atars  visible  to  the  naked  eye,  by  compiring  each  slur  with 
other  stars  in  its  vioiuity,  and  noting  those  v<hii^li  were  sensibly  equals 
it  in  lustre,  or  differed  from  it  only  in  a  very  sraail  dt?gree.  The  r<'-Sttl<i 
of  liis  laliours  on  this  occjision  form  a  valuable  record  for  ascertainijig  at 
some  future  epoch  whether  any  of  Uia  stara  to  ^bicli  tliej  refor  have 
undergone  a  varialion  of  htstref. 

More  recently  Sir  John  Herechel  lias  employed  a  similar  method  ia 
oeunecting  a  great  number  of  stars  distiibuted  over  both  hvnii'^ttUt'r.<s  in 
one   unbroken  cliaiu  of  relative  brighmess,  and  baa  aliM  >  in 

adapting  the  res^ults  to  the  conventional  system  of  maguitudt..  . .  -.  ut 
represent  the  brightness  of  the  varioua  ^mra  acoenliog  U>  the  uaual 
notneaclaturd,  but  in  a.  vast!y-im proved  condition  at  respeots  accumcj  of 
detail.  The  same  distinguished  astronomer  has  moreover  determined,  by 
a  series  of  photametrical  experiments,  tbe  i^nantity  of  light  Aclually 
emitted  by  each  star  relative  to  a  certain  standard  t^lur  considend  u 
the  unit  of  light,  and  has  instituted  a  oomparison  bt^tween  llio  nsulu 
and  tbe  corresponding  magnitudes  of  the  stars.  Tbe  concUtiton  to  whirJi 
he  wa3  conducted  by  hie  researches  on  tbia  oceasiou*  i^  ti4 

and  instructive.     Jt  appeared  that  if  the  oouvenliouai  n,  04 

stars  OS  rectiiied  by  him,  vrerc  all  increased  by  tbe  commuu  iii  .1^ 

the  squares  of  tlie  reoulting  inagnitudos  would  then  be  in  ^ii 

Eortional  to  tlio  corresponding  pbot<>nietriQ  uumbers,  represeutiBg ■ 
gfat  of  the  stars  an  determined  by  ex^xBrlment,  ^iovr  tku  ia 
the  relation  that  would  sub^iat  between  tbe  distances  of  tbettan 
earth,  and  their  resp^N^tive  pbotometrio  intensities,  on  the  probablo 
poviiion  that  they  all  yield  the  same  i^uautily  of  light  nt  tbo  same  diataxKit, 
It  follows,  therefore,  ibat  the  ordinary  uouienclaturo  of  magnittidcw,  nrhta 
auffieiently  amended,  represenla  pretty  nearly  Uio  ordor  of  (be  diidaaeti 
of  the  stars,  ajid  would  even  rigorously  do  ao,  provided  the 
were  augmented  liy  the  common  fraction  above  mentioni*d  '.  An 
will  illttstraie  this  lurious  conclusion  moro  elearly.  The  bright 
VtfnUtuH  being  assumed  as  the  siandurd  unit  in  the  ««al«  uf  oonvrnliauil 
magnitudes,  the  Biar  AniayMf  nccoi^ing  to  Sir  John  UcTBcbelt  vrill  hi 
i-e|»re»ettled  in  the  aumo  genie  by  I  0.     Now  if  tho  disiAoc*  of  ■  CMtiiaii 


•  MtSiQ.  Acad,  de%  Bcicnces,  1771,  p.  5801 

+  dmPM.  Tran»..  I79(i.  1797,  1799. 

t  Hewdta  of  Ait  Ob^rv.,  be,  p,  WH,  tt  toq. 


from  the  eiirtb  be  at  the  same  time  assumed  as  th«  umt  of  dktauce,  it 
would  follow  from  the  photometric  exptriaieuta  of  the  astronomer  just 
metttioDed,  ib.it  the  distance  of  Antnres,  &3  deducibte  from  tlie  quauiiiy  of 
light  which  it  emits,  would  be  represeuted  by  2  014,  which  k  equal  to 
I'd  +  '414.  CousequeDtIv,  if  the  uoDieuclature  of  the  star? 'was  bo  mo- 
dified that  the  maguitude  of  Anturts,  sa  it  stood  iu  the  old  scale,  waa 
increased  by  '414,  the  reswltinf?  magnitude  would  tlieii  afford  an  accu'^ 
.  iat«  represeutaiioti  of  the  relative  dtj^tiotce  of  the  star;  and  the  same 
I  maj  l.e  snid  of  oil  the  other  s.t&n  whose  conventional  magulludeB  have 
I     Iwen  rectified  by  Sir  John.  Heracbel  *. 

f  Hooke  ftpi^eara  to  have  heew  the  first  person  who  considered  the  mode 
L^  which  the  visibility  of  the  Star  s  dcpeuds  upon  tlio  leleacgpe.  In  kia 
■HTrro^rap/ira  he  remarks  that  the  number  of  stars  \iaiblc  ia  a  telescope 
r  '*ill  increase  i^itli  the  etilargement  of  the  aperture,  for,  by  uniting  a  great 
number  of  rays  into  one  point,  iniiny  star^,  ishich  from  their  fainlivess 
would  otherwise  lie  iaivisible,  are  (hereby  brought  iuto  view,  and  rendered 
conspicuous  f.  In  1717,  J.  Cassiui  alluded  to  the  same  subject  in  a  com" 
mntiicatioD  to  the  At^emy  of  Scicucejs,  on  the  paralkx^  of  Sirius,  Ho 
remarked  that  the  stars  of  the  eiith  magnitude  ore  six  times  more  remote 
than  those  of  the  first,  and  hence  he  concluded,  that  with  a  telescope 
magDifying  2Q0  time^t,  it  would  be  possible  to  perceive  stars  that  were 
IStuO  times  more  remote  tlmn  those  of  the  first  magnitude  I,  The  visi- 
bility of  the  Btara  is  here  made  to  depend  wholly  upon  the  magnifyiug 
Eower  of  the  teleaM^ope.  That  Bome  obscuro  connexion  really  does  exJdt 
etwcen  the  two  principles  appears  evident  from  the  observations  of  sub- 
st!<|ueat  aaironomers  f ,  but  it  has  been  no  less  unequivocally  estiiblished 
that  the  visibility  of  the  dtara  mainly  depends  upon  the  magiiitudo  of  tho 
aperture. 

lAmbert,  in  his  "  Cosmological  Letters,"  accounts  for  tlie  power  of  the 
tele^ope  to  render  small  stars  visible  by  the  superior  precision  of  the 
image  which  It  furms,  when  compared  with  that  formed  by  the  naked  eye. 
He  makes  no  allusjon  whatever  to  the  magnitude  of  the  aperture,  but  he 
expressly  asserts  that  the  visibility  is  independent  of  the  magnifying; 
power.  Michell,  in  the  year  I  TOT,  took  a  more  correct  view  of  the  sub- 
ject, making  the  visibility  to  depend  on  the  magnitude  of  the  aperture. 
Assuming  the  diameter  of  the  pupil  of  the  eye  to  he  equal  to  on C' third  of 
an  inch,,  and  roughly  estimating  the  quantity  of  light  lost  in  parsing 
through  the  telescope,  he  was  enabled  to  compare  iho  distance  of  the 

*  Tlia  rescardiet  of  Sir  John  lier«d)«tdo  not  extend  to  tfan  lower  thaa  those  of  iJie 
kmiih  magniuidc.  It  would  appear  rrom  a  recent  paptr  by  Mr.  Dawce  {Mo.  Proc  Ast. 
Soc.,  Jui*e,  1851 X  that  the  norotnclature  of  teleseonk  stare,  as  intJicated  _bv  the  ohttr- 
latioQ*  of  LaJande,  BcfoeS,  and  Argelander,  h  htnen  upon  a  diSerent  {irinciple, 

t  Sn  the  work  citM  p.  ^l. 

X  Mciii.  Acoil.  df>t  S(iieti4«'s,  1717,  p.  SCO. 

i  Tlius  8Jr  William  f]er?chL>i,  in  otic  at  his  earlier  comniunicatiDTU  to  the  Royal  Su- 
eiety,  vUca  Mveral  iii^taMcc*  of  stars  wtiirh  couhl  Dot  be  fccti  with  a  magiiifymg  power  of 
227t  but  whitli  became  distinctly  visible  when  n  iiovrcr  of  460  was  applied  (I^kil.  JVajw., 
}7B2t  |i»  02*.  Mr,  Dawn  ha»  recently  remarked  Chat  tti*  ap^rtijrc  necrtaftry  lo  render 
^  vtan  tlcftdilj  risitfle  Cd  tiiia  in  k  lei«K<ipe  magnifying  n'lteeti  tiinn.  is  k»a  than  iho 
pupil  of  hn  eyv,  Uing  oiily  '15  lAch  in  diameler,  nhereag  he  estimatus  that  of  tba 
pupil  of  his  «?jte  at  '25  iwch  (Mo.  Pro.  Asi.  Sm.,  June,  J 851).  Now  in  luvh  a  case 
It  ml^iiht  be  eipi'Cted  that  the  aperture  of  lliis  teleacopc  would  be  greater  (hari  ihc  piij;il 
of  the  eye,  in  order  that  a  compensation  mlgbl  be  enectcd  for  the  iijiht  ne^esiarily  lost 
in  teleiMiopie  observotion.  Ia  not  tbi'S  apparent  anomaly  doe  to  the  int1ucni>e  of  the  mag- 
uifring  power,  which,  under  crtain  circunulatica^  U  fawnirable  to  the  viiiWlitj  of  the 
(ibjecit,  M  in  llie  iostoocea  above  alluded  to? 
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faintest  stars  seen  iti  n.  telescope  of  given  aperture,  with  the  digtaaoo  of 
those  barely  visible  to  the  naked  eye*. 

The  subject  of  the  visibility  of  the  stars  has  been  fully  considered  hf 
Sir  WiUiam  Herschel,  iu  an  adrairable  paper  which  appears  io  one  oi  tli6 
volumes  of  the  Philosophical  Transaclioits  \.  By  a  etjries  of  photametnca] 
experi meals,  he  determined  the  quantity  of  light  lost  iii  telescopes  of  dif* 
ferent  fonns  of  construction.  Assutnifig,  moreover,  that  the  pupil  of  the 
eye  was  equal  to  two-tenths  of  an  inch  in  diameter,  he  compared  ih«t  dis- 
tance at  which  a  star  would  bo  barely  visible  ia  a  telescope  of  given  aj)er- 
lure  wiih  the  distance  of  the  smallest  stars  visible  to  the  naked  er«,  eon- 
ftidered  as  the  linear  unit.  The  former  of  these  distaneea  was  termed  b] 
him  the  apace-penotratiog  power  of  the  telescope.  Herschel,  in 
auee  with  these  principles,  dc  tor  mined  the  epace-penetraiing  j>oi 
various  telescepes,  differing  either  in  construction  or  aperture,  nrhich 
employed  in  his  obaervationa. 

Since  the  brightnesg  of  a  star  seen  in  a  telescope  depends  upon  iJw 
magnitude  of  the  aperture,  it  follows,  that  by  gradually  uinunishing  tin 
latter,  the  image  of  a  star  may  be  reduced  to  any  degree  of  fiiiuln«9s  ve 
please.  Hence,  if  two  stars  of  uneqiial  brightness  be  observetl  with  tuxy 
telescopes  exactly  similar  in  all  respects,  and  if  the  apertjiro  of  the  tele- 
scope directed  to  the  brighter  star  bo  reduced  until  b<itii  stars  apfKwr  cl 
the  same  brightness,  it  is  manifest  that  the  abaoluto  quantity  of  light 
emitted  by  each  star  to  the  earth,  ivill  be  in  the  inverse  ratio  of  the  aper- 
ture of  the  telescope  through  which  it  is  thus  seen.  Now,  knowing  ibo 
relativo  quantities  of  light  emitted  by  the  two  stars,  their  relative  dis' 
taacea  may  bo  readily  determined,  Bupposhig,  na  before,  thai  both  sturs 
possess  the  satne  degree  of  intrinsic  brightnesa.  Sir  William  H«rscbrl 
applied  these  principles  to  the  determination  of  the  relative  di»tancc«  of 
the  stars  I  and  rlustera  of  stars  §  visible  in  his  powerful  teleecttpce.  It  is 
imi»3!*iblo  within  the  limits  to  which  we  are  contined,  to  give  aivy  arconot 
of  the  sublincie  re&ulta  to  which  he  was  conducted  by  his  labours  on  ihn 
occasion. 

The  question  flith  respect  to  the  absolute  distance  of  the  stars  Crom  tit* 
earth.  Is  one  which  has  excited  a  high  degree  of  ioicreiil  among  astrono- 
inera  ever  since  the  re-establishment  of  the  true  systera  of  tlie  Dmrld  by 
Copernicus.  This  might  be  oscertidued  iu  any  case  by  a  simple  and  direct 
pFooes3,  if  the  star  exhibited  a  change  of  position  depending  on  the  vua* 
lion  of  the  earth  iu  her  orbit,  but  iiuch  a  parallactic  displacement  wiu  1< 
found  to  be  insensible.  Another  mode  of  effecting  the  same  object 
founded  iip6n  a.  kuowledge  of  the  apparent  diameter  of  the  star.  Ata\ 
ing  the  star  to  be  equal  in  absolute  magnitude  to  the  sun,  it  14  clear  that 
the  distance  of  the  sun  from  the  earth  would  be  to  the  distance  of  tiie  alat 
from  the  same  body,  as  the  apparent  diameter  of  ihe  star  to  thn  mofmntit 
diameter  of  the  %mi.  Tins  mode  of  determining  the  distance  of  a  star 
>waa  less  satisfietory  than  that  founded  uj)on  a  kuowledge  of  its  pajsUtx. 
fleeing  that  it  involved  an  arbitrary  assumption  with  respect  to  tbe  niajf- 
nitude  of  the  star ;  but  aiill  it  waa  exceedingly  desiraUtj  to  anivo  at  aaoB 
probable  conclusion  upon  the  subject.  It  woj  soon  found,  howevrr, 
the  measurement  of  the  apparent  diameter  of  a  star  was  an  ubjoct  ol 
ipreat  delicacy  as  ilie  dcte^-tioti  of  its  painllax.  The  earlier  astronooi^rt. 
indeed,  suppv)sed  that  the  principal  stars  poasasaed  an  apparent  inagaitttd« 


•  Phil,  l^nuu.,  nai,  p.  SiM,  ut  Mm. 
t  Ibid.,  ISn.p.  3l>2vctw(\. 


t  Ibid..  1800,  p.  49,  «l  aM. 
S  IbiiL,  mi0^^4ttb«nn 
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of  *2'  or  3'  • ;  but  the  telestope  shewed  this  to  be  to  a  great  extent  mi  ilhi- 
Bion,  produced  hy  the  false  light  surrounding  the  star.  Galileo  Attempted, 
by  a  reiy  ingeDioaa  method,  to  get  rid  of  tbe  effects  of  irradiation  in 
meiasumg  the  apparent  diameter  of  «  Lyne.  and  he  so  far  succeeded  in 
his  object  M  to  assign  to  the  staj  an  apparent  diameter  of  odIj  5"  \.  This 
was  undoubtedly  a.  much  nearer  approsimation  to  the  truth  th«n  any  eati- 
mat£  that  had  becu  hitbeito  formed  of  the  apparent  magnitude  of  a  star. 

Horrocks  first  remarked  a  phenomenou  which  fumishca  a  striking 
proof  of  the  extreme  small ness  of  the  apparent  diameters  of  tlie  stars. 
In  eotnpaDv  with  his  friend  Crabtree,  he  ivitnessed  an  occultation  of  the 
Pleiades  by  the  moon,  on  the  eTeniug  of  tbe  19th  of  March,  1637.  As 
soon  as  the  stars  approached  in  suocession  the  dark  limb  of  the  moon, 
they  were  in  each  instance  observed  to  vanish  instantaneously  J.  Horrocks 
joatly  asserted,  tiiat  if  the  whole  of  the  light  in  each  case  had  emanated 
directly  from  the  body  of  the  star,  the  latter  ought  to  have  difsappeared  by 
Benaible  gradations.  He  therefore  concluded  that  the  apparent  diameters 
of  thfi  stars  are  mere  points  which  are  not  capable  of  measurement. 

Hevelius,  by  diminiahiug  the  aperture  of  his  telescope,  succeeded  in 
giving  a  round  pUnetary  appearance  to  the  stars,  and  he  determined  the 
apparent  diameters  of  the  resulting  disks  by  comparing  them  in  succes- 
sion with  Mercury,  whose  apparent  diameter  be  had  previously  ascer- 
tained from  ob&ervfttioua  of  its  transit  across  die  sun's  disk.  In  this 
manner  he  found  the  apparent  diameter  of  Siriua  to  be  0"  31'";  that  of 
P»eyon,  4'^  58'",  Ac,  Jtc.  §.  In  1717,  J.  Cassini  observed  Sirius  with  a 
telescope,  tJhe  aperture  of  which  he  had  similarly  reduced,  and  by  com* 
paring  the  roimd  disk  thus  formed  mith  the  planet  Jupiter,  ho  concluded 
that  the  apparent  diaraoter  of  the  star  did  not  exceed  5"  |j.  Both  He- 
velius  and  Cs^sini  erred  in  supposing  that  the  round  appearance  of  stars 
seen  in  telescopes  with  reduced  apertures  was  real.  The  phenomenon  ia, 
in  &ct,  a  spurious  image  produced  by  the  diffraction  of  the  light  in  passing 
the  contour  of  the  aperture. 

Halley  did  not  fail  to  express  his  suspicion  that  the  apparent  diameter 
ascribed  by  J.  Cassini  to  Sirius  was  an  optical  Mlocy,  occasioned  by  the 
great  contPfljCtion  of  the  aperture  of  the  object-glass  IT,  Fixim  the  instan- 
taneous disappearance  of  stars  on  the  occasion  of  their  occultation  by  tho 
jnoon,  he  concluded,  as  Horrocks  had  already  done,  that  the  apparent 
diftmeter$  of  the  stars  is  excessively  small.  He  considered  that  the  appa- 
rent diameters  of  Spica  Virginia  and  Aldebarau  were  in  both  cases  less 
than  I".  Michell  supposed  that  the  diameter  of  Sirius  was  even  less  than 
©".na.  We  thus  see  that  the  progress  of  research  on  the  subject  tended 
invariably  to  assign  a  less  and  less  apparent  diameter  to  the  stars. 

*  Tycho  Brsli^  ettimateil  the  apparent  diameters  of  tlic  sAars  ot  ihie  Grst  magiiitude  at 
m  ;  tbo«  of  the  second  at  1  ^' ;  those  of  tho  ihird  at  1  jV  ;  tho»e  of  the  fourth  at  j'  |  those 
of  the  fifth  at  I' ;  and  those  of  the  stxih  at  j^K     {Progymnasmata,  p.  482.) 

f  Opere  dc  Galileo,  tome  h>,  p.  '259. 

*  ••  Venus  in  Sole  Viu,"  p.  139.  The  tnerit  of  l)a%in^  originally  deduced  from  thti 
pbi^omeiion  a  proof  of  the  eitreme  BmillneM  of  the  apparent  diametcrti  of  the  ctars  hoi 
been  erroneouslj'  »crihed  by  tome  writers  to  Halley,  upon  (he  alrenjfth  of  a  retnark  tiHide 
by  that  philosopher,  in  J  716,  relative  to  the  same  subject.    (PhU.  Traia.,  1718,  p.  8o3.> 

f  "  Mercutius  ih  Sole  V'isus,"  p.  9"2.  Heteiius  statei  on  this  occasion  that  he  saw  Sirius 
with  the  naked  eye,  on  the  morning  of  October  2,  1661,  vA^ii  At  w>m  hud  atrtady 
tteemted  above  the  horiifm. 

I!  M^tD,  Acad.  de»  SeLetioes,  1717,  p.  256. 

--  Phil.  Trmns.,  1720,  p.  a. 
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Sir  Wniiftin  Herscliel  ileToted  consklerable  attention  to  tlie  sulje 

the  apparent  diameters  of  tlie  stare,  but  be  i^as  unaMe  to  efiject  any      

sui'emeiit  an  which  be  could  rely  with  sufficient  confidenice.  Aa  mijtht  be 
expected,  he  made  the  real  apparent  inaguitudea  of  the  stars  Ut  he  lei* 
than  auy  otber  astronomer  bad  bitherto  detenu ined  them  to  be  from 
observation.  On  the  2'2nd  of  Octolier,  1781,  he  observed  the  bright  t>lar  • 
Lyra?,  with  a  power  of  6450,  nnd,  haviug-measured  the  apparent  diameter 
with  tbe  micrometer,  he  found  it  amount  to  Q".ii553*.  tt  may  not  he  an- 
interestiug  to  compare  the  al>soliJtte  magnitude  '^vhiL'h  this  reaalt  would 
aaaign  to  the  star,  with  tbo  absolute  uia4;r,ijtude  of  the  sun.  To  this  end  it 
may  be  remarked  that  the  parallax  of  m  Lyrie,  as  determined  in  recent  times 
by  M.  Struve,  amounts  to  0".QOL  Its  distance  from  tbe  eai'th  exceeds, 
therefore,  the  mdius  of  the  terrestrial  orbit  in  the  proportion  of  T'JO.^89 
to  L  Hence,  if  we  suppose  the  eun  to  be  transported  to  tbia  distance, 
his  apparent  diameter  (estimated  at  the  mean  value  of  8*2')  would  be 
diminished  in  the  game  proportion,  and  would  therefore  be  equal  onlj 
to  0",00'^4.  Now  the  apparent  diameter  of  a  Lyrie,  as  determined  by 
Herschel,  exceeds  this  quantity  in  tbe  proportion  of  Ut'  to  L  It  folloire. 
therefore,  either  that  the  result  obtained  by  Her^hel  oti  tliis  occasiaa 
differs  widely  from  tho  true  value,  or  tbsit  »  Lyne  vastly  exeeed:^  the  sim 
in  abaalute  magnitude.  It  can  burdly  be  doubled  that  the  physical 
anomaly  nbieh  here  presents  itself,  is  mainly  due  to  an  erroneous  deteriiu- 
nation  of  the  apparent  diameter  of  the  star.  Indeed^  as  has  been  already 
remarked,  HerscUel  does  not  appear  to  have  reposed  any  ermlidence  in 
such  measurementa,  being  of  opinion  thai  tlie  round  appearance  of  tie 
stars,  even  when  seen  iu  the  most  perfect  telescopes,  was  almost  wholijr 
Bpurious. 

When  the  stars  are  obseiTed  with  telescopes  of  great  optical  perfection, 
fumii^hed  with  high  magnifying  powers,  they  are  generally  found  to 
exhibit  a  well-deliued  planetary  appearance,  even  although  the  aj^H^rtura 
should  not  be  reduced.  Tiiere  is  also  visible  around  tbe  disik  of  the  star 
an  alternate  succession  of  dark  and  bright  rings  of  uniform  breadth.  It 
has  been  already  mentioned  that  the  round  disk  is  a  sporious  pheno- 
menon, ocoi&ioned  by  the  diirraction  of  light,  Tbe  ringii  have  also  beea 
satidfactorily  explained  by  the  same  principle.  It  is  imjwrtant  to  re 
that  these  phenomena  would  be  produced  in  greatest  perfeciion  if  the 
waa  merely  a  physical  poiut  of  iight,  Mr.  Airy,  by  a  raathematicAl  iov5F 
tigation,  has  rigoronsty  accounted  fur  the  appearance  of  the  disk  and  sur- 
rounding rings,  upon  the  principle  of  the  mutual  interference  of  the  rars 
of  light,  and  has  alao  explained  a  part  of  the  phenomtuion  which  bsd 
hitherto  seemed  very  ohseure,  namely,  tbe  dependenca  of  the  magaituda 
of  tho  disk  on  the  intensity  of  the  light  of  the  star  I, 

The  parallax  of  the  ti^ed  stara  having  been  found  for  a  long  tim^  to  Le 
insensible,  attempts  were  made  to  determine  their  distances  fiiom  tbe 
eiirth  by  photoinetrieal  principles.  Assuming  the  sLtre  to  be  equal  lo  (be 
eun,  both  in  magnitude  and  intrinsic  splendour,  it  is  clear.  sinc«  ligLt 
diminishes  in  the  inverse  ratio  of  the  square  of  the  distance,  tbAt  the 
light  of  the  Bun  will  bo  to  tbe  light  of  any  of  the  stars,  as  tbe  square  of 
the  distance  of  tbe  star  from  tbe  earth  to  the  square  of  the  distance  of 
the  8un.  Hence,  if  the  quantity  of  light  sent  to  na  by  the  star  be 
determined  relatively  to  the  light  of  tho  sun,  its  distance  from  ibo  c«fttl 
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may  be  nscertaioed  by  a  simple  process  of  arithmetic.  James  Gregory 
spears  to  bftve  first  suggested  this  mcMle  of  determining  the  di^Unce  of 
a  star  from  the  earth.  Huyghens,  by  applying  it  to  S iritis,  found  that 
the  distiiuee  of  that  star  from  the  earth  exceeded  the  distance  pf  the 
son  '28,000  times.  The  same  method  subsequently  attracted  the  atten- 
tiaa  of  various  astronomers,  among  whom  may  be  mentioned  Chesaux, 
Iju&bert,  Michdl,  and  Olbers,  who  all  agree  in  aasigning  lo  the  stars  of 
the  finst  miigoitude  a  parallax  le«a  than  O'^S,  as  the  result  of  its  applicatioa. 

Wolksioii  found  that  the  light  of  Sirius  appeared  equal  to  timt  of  the 
sun  when  r-sHecteil  from  the  surface  of  a  sphere  Vath  of  an  inch  in 
diameter,  find  seen  at  the  dj&tance  of  SdlO  feet.  Supposing  the  half  of 
the  solar  light  to  be  lost  during  reflexion,  he  hence  concluded  that  the 
light  of  the  Bun  i^ta  to  that  of  the  star  as  20,000  miUious  to  one. 
Hence,  if  we  assume  the  star  to  be  equui  in  magnitude  and  intrinsic 
splendour  to  the  sun,  this  result  would  imply  that  the  distance  of  the  star 
from  the  earth  h  141,4'^  I  times  greater  than  the  distance  of  the  sun, 
niience  its  parallax  would  amount  to  1".&*.  It  ha^  been  ascertaiced, 
Inveter,  from  the  observations  of  astronomera,  that  the  pamllax  of 
Suiiis  is  in  reality  less  than  half  &  second.  The  conclusion  therefore 
is,  that  in  magnitnde  the  star  greatly  surpasses  the  sun. 

Wollaston  found  by  a  similar  method,  that  the  light  of  the  sun  was 
to  the  light  of  sc  LyriB,  as  180  thousand  miUioui  to  one,  and  con  sequent! j 
that  the  light  of  «  Lyraj  "vras  only  one-ninth  of  that  of  Sirius.  This  would 
imply  that  «  Lyi^  was  three  timea  more  distiint  than  Sirius,  and  that  its 
pfiiallax  waa  therefore  only  0".0,  Eveu  this,  however,  considerably  ex- 
cseeds  the  true  value  ns  recently  determiued  by  il.  Struve. 

It  has  been  already  mentioned,  that  ihe  attempts  of  the  earlier  astro- 
tiomers  to  deleft  an  annual  variation  in  the  appareut  places  of  the  stars, 
depending  on  the  motion  of  the  earth  iu  her  orbit,  was  not  attended  with 
any  succe*ia.  Copernicus  attributed  the  absetice  of  all  sensible  indication 
of  parallax  to  the  immense  distance  of  the  stars  compared  with  the  radius 
of  die  terrestrial  orbit.  Tycho  Brahe,  although  posseasiiig  instruments  of 
much  more  perfect  construction  timn  any  hitherto  employed  for  the  pur- 
poses of  asti'onomical  observation,  was  unably  to  detect  the  aUghtest  trace 
of  an  annual  displacement  in  any  of  the  stars.  On  the  other  hand,  he 
estimated  the  stars  of  the  firet  mngTiitude  to  have  au  apparent  diameter 
of  tboat  S'  or  S'.  He  asserted,  therefore,  that  if  the  earth  really  moved 
round  the  sun,  it  would  necessarily  follow  that  the  stars  of  the  first 
magnitude  exceeded  in  dimensions  the  whole  amplitude  of  the  terrestrial 
orbit,  a  conclusion,  which  appeared  to  him  to  be  palpably  absurd,  and  fatal 
to  tJie  Copemicftn  theory  of  the  universe. 

GalUeo  suggested  a  mode  of  investigating  the  parallax  of  the  fixed 
Btai9,  which  has  received  more  than  one  successful  application  in  recent 
times.  He  remarked,  that  in  those  instances  wherein  two  stare  of  un- 
equal magnitudes  are  apparently  very  near  to  each  other,  it  may  be 
nraeoisaed  that  the  smaller  of  the  tvvo  storB,  appeari$  so  only  from  its 
Miog  mora  diatant,  and  therefore  that  its  ptirallax  may  be  considered  as 
insensible  relative  to  the  parallax  of  the  larger  star.  He  ioMgiued, 
therefore,  that  by  continning  to  observe  the  position  of  the  larger  star 
with  respect  to  the  smaller,  throughout  the  course  of  tlie  year,  the 
parulkx  of  tiie  larger  star  might  be  detected f.     This  method  obviously 
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Sir  Willi  mm  Herscbel  deToted  consideraHe  attentioti  to  tbe  finbject  of 

tbe  uppEiri'Ut  (iiamet^re  of  tbe  stare.  \mi  lie  vras  uaahle  to  efiect  anj  mea>- 
Buremtnt  on  vliich  he  could  rely  vrith  sufficient  conlifience.  As  miglit  be 
exi>eetod,  lie  made  tbe  real  apparent  raaguitudes  of  the  stars  to  be  l^d 
than  any  other  a£trotiDmer  bad  liith«rto  determined  them  to  be  irota 
obtervtitiou.  On  tbe  Ji'2nd  of  October,  1761,  he  observed  the  bright  &Liijr  a 
Ljne,  with  a  power  of  0450,  and,  ha-viiig- measured  the  appareiit  diameter 
with  the  micrometer,  be  found  it  amount  to  0".3553*.  It  may  not  he  an- 
iDteresthig  to  compare  tbe  absolute  magnitude  wltich  this  result  wouU 
assign  to  the  Mar,  with  the  absolute  magnitude  of  the  sun.  To  this  «nd  it 
may  be  remnrbed  that  the  parallax  of  u  LjnE,  us  determined  in  recent  times 
hy  M.  Struve,  amounts  to  0"/2UL  Its  distance  from  tbe  earth  exceeds, 
therefore,  the  radius  of  the  terrestrial  orbit  in  the  proportion  of  t!J0,2S3 
to  1.  Hence,  if  we  suppose  the  sun  to  be  transported  to  Ibis  distance, 
bis  apparent  diameter  (estimated  at  tbe  mean  Ta]ue  of  '32'\  vrouM  bd 
diminished  in  tbe  same  proportion,  and  would  therefore  bo  equal  ouly 
to  0".0024,  Now  the  apparent  diameter  of  «  Lyra^,  as  determined  bj 
Hersche],  exceeds  this  quantity  iti  tbe  proportion  of  148  to  L  It  foUoTvs, 
therefore,  either  that  tbe  restdt  obtained  hj  Uerschel  on  this  ocoaaion 
differs  widely  from  tbe  true  \fllue,  or  that  a  Lyne  vastly  exceeds  tbe  aim 
in  absolute  magnitude.  It  eau  hardly  be  doubted  that  the  pbysical 
anomaly  nhich  here  presents  itself,  is  mainly  due  to  an  erroneous  detercai- 
nation  of  the  apparent  diameter  of  the  star.  Indeed,  as  has  been  alrtaJj 
remarked,  Herscbel  does  not  appear  to  have  repoi^ed  any  conlideiijce  ta 
Each  measurements,  being  of  opinion  that  the  round  appearance  of  tha 
8tara.  evea  when  eeeii  iu  the  mo6t  perfect  telescopes,  was  almost  wbdly 
epurious. 

When  tbe  stars  are  observed  with  telescopes  of  great  optical  perfectim, 
furnished  with  high  magnifying  powers,  they  are  generally  found  to 
exhibit  a  well-defined  plaiietary  appearance,  even  although  tbe  apertuie 
ehould  not  be  reduced.  There  ia  also  visible  around  the  disk  of  tbe  stRi 
an  alternate  suocesdou  of  dark  and  bright  rings  of  uniform  breadth,  h 
has  been  already  mentioned  that  the  round  di^k  ia  a  spurious  phsou- 
menon.  occasioned  by  the  ditfraction  of  light.  The  ringa  have  also  beau 
satisfactorily  ejtplaiuod  by  the  same  principle.  It  is  important  to  ren 
that  these  phenomena  would  be  produced  in  greatest  perfection  if  the ; 
-was  merely  a  physical  jioiut  of  ligbt.  Mr.  Airy,  by  a  mathematical  inf 
ti^tion,  has  rigoroutaly  accounted  for  the  appearance  of  the  disk  and 
rounding  rings,  upon  the  principle  of  the  mutual  iuterfcreuce  of  the 
of  light,  and  has  also  espbiined  a  part  of  the  pbenoracuon  which 
hitherto  i^eemed  very  obacure,  namely,  tbe  dependence  of  the  magoit 
of  the  disk  on  the  intensity  of  tbe  light  of  the  starf. 

The  parallax  of  the  fixed  stars  having  been  found  for  a  long  time  lo  hs 
insensible,  attemptn  were  made  to  determine  their  distances  from  tbe 
earth  by  photometrical  principles.  Assuming  the  stars  to  be  equal  to  ibc 
sun.  both  in  magnitude  and  intrinsic  splendour,  it  is  clear,  since  light 
diminishes  iu  the  inverse  ratio  of  the  square  of  the  distance,  that  the 
light  of  the  sun  will  be  to  the  light  of  any  of  the  stars,  as  tbe  aquanj  of 
the  distance  of  the  star  from  the  efirtb  to  the  square  of  the  distance  d 
the  Bun.  Hence,  if  the  quantity  of  light  sent  to  us  by  tbe  star  l»e 
determined  relatively  to  the  light  of  the  sun,  its  distance  from  the  cartli 
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nscertaked  by  a  sbnpje  prc>cesa  of  arithmetic,  J&imi  iSfffOgsef 
to  have  fir$t  eaggested  tliis  mode  of  determining  thb  ^Blmce  of 
a  star  from  the  earth.  Hujgliens,  hy  applying  it  to  Sirius,  found  that 
the  distttjii*©  of  that  star  from  the  eartlj  exceeded  the  distance  of  the 
son  as. (AM}  titaes.  The  same  method  subsequently  attracted  the  atten- 
tion of  various  aatronotcers,  acaong  whom  may  he  tnentioued  Chtsaujt, 
litniwrt^  Miehell,  and  Olhers.  who  all  agree  in  assigning  to  the  Btars  of 
tbe  first  tnagiiitudeo  parallax  less  than  0",6,  as  the  result  of  its  application, 

WoIIaston  found  tliat  the  light  of  Siriue  appeared  equal  to  that  of  the 
tan  Xfhen  reflected  from  the  surface  of  a  sphere  .,»„th  of  an  inch  in 
diameter,  and  seen  at  the  distaime  of  i210  feet.  Supposing  the  half  of 
Que  so  Jar  light  to  be  lost  during  refleiipu,  he  hence  concluded  that  the 
light  of  the  sun  wan  to  tbiit  of  the  star  as  20,000  raillious  to  one. 
Bence,  if  \ve  o&sume  the  atar  to  be  equal  in  ms^iitude  and  intrinsic 
splendour  to  the  sun,  this  result  would  imply  tliat  the  distance  of  the  star 
bom  the  earth  is  141,4^1  times  greater  tlian  the  distance  of  the  sun, 
irbieised  its  paxallax  would  amount  to  1".8*.  It  has  been  ascertained, 
boweTer,  from  the  obsen'ations  of  astronomers,  that  the  parallax  of 
Sirios  is  in  reality  less  than  half  a  second.  The  conclusion  therefore 
is,  that  in  muRiitude  the  star  greatly  surpasses  the  sun. 

WollaatOQ  found  by  a  similar  method,  that  the  light  of  the  sun  was 
to  the  light  of  a  Lyrffi,  as  IBO  thousand  millioua  to  one,  and  consequently 
that  the  light  of  «  Lyne  vim  only  one- ninth  of  that  of  Siriui.  This  would 
mtplj  that  u  Lyrce  was  three  times  more  distant  than  Sirius,  and  that  its 
parallax  was  therefore  only  0".6.  Even  tliis.  however,  considerably  ex- 
06edt»  the  true  value  as  recently  determined  by  M.  Struve. 

It  has  been  already  mentioned,  that  the  attempts  of  the  earlier  aetro- 
Domers  to  detect  nn  annual  variation  in  the  apparent  places  of  the  stars, 
depending  on  the  motion  of  the  earth  in  her  orbit,  wo^  not  attended  with 
H^  suDceas.  Copernicus  attributed  the  absence  of  uli  i^ensiLde  indication. 
of  parallax  to  the  immense  distance  of  the  stars  comimred  with  the  radius 
of  Uie  terrtstrial  orbit.  Tycho  Brahe,  although  possessing  instruments  of 
moeh  mare  perfect  constmctioD  than  any  hitherto  employed  for  the  pur- 
petM  of  aatronomical  observation,  vfRs  unable  to  detect  the  slightest  trace 
of  an  aoDual  dispkcement  in  any  of  the  stars.  On  the  other  hand,  he 
estimated  the  stars  of  the  first  magniiude  to  have  an  apparent  diameter 
of  diout  *2'  or  'd'^  He  asserted,  therefore,  that  if  the  earth  really  moved 
round  the  sun,  it  would  necessarily  follow  that  the  stars  of  the  first 
magnitude  exceeded  in  dimensions  the  whole  amplitude  of  the  terrestrial 
orbit,  a  conclusion,  which  appeared  to  him  to  be  palpably  absurd,  and  fatal 
to  the  Copernican  tlieory  of  the  universe, 

G&lileo  suggested  a  mode  of  investigating  the  parallax  of  tlie  fixed 
ttUSi  which  has  received  more  than  one  successful  application  in  recent 
tnnes.  lie  remarked,  that  in  those  insitances  wherein  two  stars  of  un> 
equal  magnitudes  are  apparently  very  near  to  each  other,  it  may  he 
^rdsumed  that  the  smaller  of  the  two  stars,  appears  so  only  from  its 
being  ntone  distant,  and  therefore  that  its  piunllax  may  be  considered  as 
insensible  relative  to  the  paralla^i  of  the  larger  star.  He  imagined, 
therefore,  that  by  continuing  to  observe  the  poeition  of  the  larger  star 
with  respect  to  the  smaller,  throughout  the  course  of  the  year,  the 
parallax  of  the  larger  star  might  be  detected +.     This  method  obviously 
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afforded  a  more  favoisiralile  chance  of  detecting  the  parallax  of  ft 
fitar,  thau  that  founded  on  obsenations  of  the  absolute  position  of 
star  in  the  celestial  sphere.    It  does  not  appear  that  Galileo  attempted 
on  any  occasion  to  reduce  it  to  practice. 

Hooke  first  employed  the  telescope  in  observations  for  the  purpose  of 
detecting  the  annual  pamllax  of  the  fixed  stars.  In  order  to  avoid  the 
effects  of  refraction,  he  confined  hia  observations  to  the  star  y  Drojconis, 
which  passes  near  the  zenith  of  Gresham  College,  London,  where  hU 
observatorj  was  established.  From  four  observed  zenith  distances  of  the 
stars,  as  determined  by  him  in  the  months  of  July,  August,  and  October 
of  the  year  1669,  with  a  zenith  sector  36  feet  long,  he  concluded  that 
the  star  had  an  annual  parallax,  amounting  to  somewhere  between  27" 
and  30"*.  It  is  to  be  remarked,  however,  that  Picard,  a  few  yeaj-s  sIut- 
wards*  observed  the  altitude  of  «  LyriE  at  both  solstices,  but  was  unable 
to  detect  the  slightest  trace  of  parallax  f-. 

Previous  to  tlse  discovery  of  the  Aberration  of  Light,  the  displ 
due  to  that  principle  exhibited  itself  in  the  observations  of 
astronomera,  who,  in  some  instances,  were  induced  erroneously 
tribute  it  to  the  effects  of  parallax.  In  all  probability  the  vanatiot 
the  appareut  place  of  y  Draconis,  observed  by  Hooke,  proceeded  from 
this  cause.  This  wag  certainly  the  case  with  respect  to  Flani3tee4,  who, 
from  a  series  of  observations  of  tlie  zenith  distance  of  the  polar  stM*. 
made  by  him  at  Greenwich  with  the  mural  arc,  between  the  years  l( 
and  1697,  concluded  that  the  star  possessed  an  annual  pamllax 
to  at  least  40" I.  J.  Cassini  shortly  afterwords  remarked,  with  justi 
that  the  displacement  indicated  by  the  observations  of  Flasnsteed, 
incompatible  with  the  supposition  of  its  being  produced  by  parall 
It  has  been  already  mentioned,  that  the  variations  iu  the  pofiitioa 
the  pole  star,  detected  by  Flamstoed  on  this  occasion,  were,  m 
the  results  of  aberration,  the  maximum  value  of  which  is  dedt 
with  an  astonishing  degree  of  accuracy  from  the  observations  of 
astronomer [[.  It  may  be  mentioned,  that,  about  the  same  time,  Wi 
suggested  observations  of  the  greatest  azimuth,  east  or  west  of  aeiMif 
polar  star,  as  favourable  for  the  detection  of  parallax,  since  the  efibei  ill 
refraction  would  thereby  be  completely  avoided H,  It  does  not  appear  tlttt 
any  astronomer  attempted  to  reduce  this  method  to  practice. 

Horrebow  states  that,  iu  the  years  1 00^-3,  Boemer  remarked  a  seria 
of  irregularities  in  the  decltnations  of  the  stars,  which  could  not  bt 
accounted  for  either  by  parallax  or  refraction,  but  which  he  m^tcUfi 
to  arise  from  a  variation  in  the  position  of  the  terrestrial  axis,  the  theoiy 
of  wbicli  he  hoped  to  assign  on  some  future  occasion**.  It  nuinot 
admit  of  any  doubt  that  the  anomalies  observed  by  that  dislio^ 
astronomer  were  attributable  to  the  effects  of  alterration  which  mt 
continued  to  be  unaccounted  for.  Dismissing  the  declinations  as  not  i 
ciently  trustworthy  in  so  delicate  on  enquiry,  Eoemer  attempted  Ut 
the  parallax  of  the  fixed  stars  from  obser^^ations  of  their  right 
By  a  series  of  obgervations  of  Sinus  and  m  Lyne,  made  at 
Beaaons  of  the  year,  lie  found  that  the  aggregate  of  th«  panlla^as  of] 
two  stars  produced  an  annual  variation  in  the  differencd  of  thair 
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asceasions,  amouBtiDg  to  somewhere  between  1™  and  l|°^.  It  lias  been 
piored  by  the  observationa  of  subsequent  astronomerflt  tbat  euch  a  dis- 
placement coald  not  have  arisen  from  the  effects  of  parallax.  The  same 
niAy  be  eead  respecting  a  series  of  results  which  Horrebow  deduced  at  a 
SQWrauent  penod  from  the  obserraLiotis  of  Ex>emer,  and  which  he 
poblisDed  with  great  confideDce,  as  aHbrditig  incoiite9table  evidence  of  the 
motion  of  the  earth,  in  his  work  entitled  '*  Copcriiictis  TriuTttphans.'"' 

It  has  been  already  mentioned,  that,  in  an  attempt  to  establish  the 
e:xistenc€'  of  a  sensible  parallax  in  y  Draconic,  Bradley  was  conducted 
to  his  immortal  discovery  of  the  aberration  of  light.  This  important 
result  put  (in  end  to  the  anomalous  irregularities  which  continued  to 
affect  the  obsenations  of  astronomers,  ever  since  they  became  suflicientlj 
accurate  to  render  eensible  the  displacement  arising  from  that  cause.  It 
was  DOW  evident  that  the  parallax  of  the  fixed  stars  was  in  all  ca^es 
vastly  smaller  than  it  bad  hitherto  been  supposed  to  be.  Bradley  was  of 
opinion  that  if  the  parallax  of  y  Draconis  had  amounted  even  to  1",  bis 
Oueet^ations  with  the  zenith  sector  could  not  fail  to  have  detected  its 
existence*. 

Allusion  has  been  made  to  the  method  proposed  by  Galileo  for  deter- 
miDing  the  parallai  of  a  star.  The  invention  of  the  micrometer,  about 
the  middle  of  the  seventeenth  century,  tended  very  much  to  enhance  the 
practical  utility  of  that  method.  It  was  probably  this  circumstance 
which  induced  James  Gregorj*  to  recommend  its  application  in  a  letter 
to  Collins,  the  Secretary  of  the  Koyal  Society,  dated  June  54.  1073 1- 
Gregory  does  not  seem  to  have  been  aware  that  Galileo  had  already 
suggested  the  same  method.  Huyghens  appears  to  have  been  the  person 
who  first  reduced  it  to  practice.  He  mentions,  in  one  of  his  works,  that 
be  ill  vain  attempted  to  detect  any  traces  of  an  annual  change  in  the 
relative  position  of  the  two  stars  composing  the  middle  star  io  the  tail  of 
the  Great  Bearj  (^  Urstt  Mnjorhy  In  the  following  century  Dr.  Long 
endeavoured  to  detect  a  similar  variation  in  the  relative  positions  of 
Bcveral  double  stars,  but  all  bis  efforts  were  fruitless  §.  It  is  to  be 
remarked,  with  respect  to  the  stors  upon  which  he  made  his  observations, 
that  the  Domponeut  objects  in  each  case  were  nearly  equal  in  apparent 
magnitude,  whence  it  might  be  presumed  that  they  were  equally  distant 
firom  the  eailh.  The  absence  of  an  indication  of  change  in  their  relative 
positions  did  not,  therefore,  necessarily  imply  the  non-existence  of  a  sen- 
sible parallax. 

The  parsdlai  of  the  fixed  stare  waa  one  of  the  earliest  subjects  wluch 
engaged  the  attention  of  Sir  William  Hersehelil-  He  did  not  fail  to 
perceive  the  many  peculiar  advantages  which  the  method  of  Galileo 
offered,  and,  with  a  view  to  ita  practical  application,  he  selected  a  great 
number  of  double  stars,  which,  in  consequence  of  the  inequality  of  tlio 
cflinoponent  members,  in  every  case  appeared  to  be  well  adapted  for  that 
purpose.  His  labours  on  this  occasion  are  memorable  in  the  history  of 
astronomy,  on  account  of  their  having  been  instrumental  in  enabling  him 
to  establish  the  existence  of  a  physical  connexion  between  the  bodies  com- 
posing Double  Stars. 

About  the  beginning  of  the  present  century,  the  celebrated  Pia^vii 
endeavoured  to  ascertain  the  parallax  of  some  of  the  principal  stars  by 
means  of  their  declinations,  as  observed  with  the  famous  altitude  and 
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azirautli  instrument  of  lUmsden.  From  such  data  he  (letermtnedi 
pamllax  of  Sinus  to  be  4",  and  that  of  F*rocyon  to  lie  3".  The  res 
of  subsequent  flstrotiorners  have  not  confirmed  these  resalts;  inde^ 
there  was  Teiy  tittle  confidence  reposed  in  them  eren  »t  tbe  titre  of 
their  first  announcement  The  same  may  be  s&id  respecting  the  contetn- 
poraneous  labours  of  CalandrelU,  the  countryman  of  Piaazi,  who,  from 
observations  of  a  Lyne  at  Rome,  deduced  a  parallax  of  3",0, 

A  few  years  afterwards  Dr,  Brinkley  nndertook  a  series  nf  observa- 
tions of  scTeral  of  the  principal  stars,  with  the  view  of  detecting  the 
existence  of  a  sensible  parallax  in  some  oi  them.  His  researches  were 
founded  on  the  declinations  of  the  sttar?,  as  determined  by  him  at  the 
Ohsei-vaiory  of  Dublin,  with  a  miignitieent  altitude  and  azimuth  nfcle, 
eight  feet  in  diameter,  designed  by  Kamsdcn,  and  partially  executed  by 
that  fatuous  artisit.  The  results  at  which  he  finally  arrired  seemed  to 
indicate  that  some  of  the  principal  i^tars  really  possessed  a  parallax 
amounting  to  a  few  seconds  of  space,  but  their  accuracy  was  diMOtid 
by  Pond,  the  Astronomer  Royal,  who  was  unable  to  deduce  analogous 
results  from  tli€  observations  with  the  mural  circle,  recently  erected  at 
Greenwich.  A  controversy  thereupoD  arose  between  the  two  ftStn>iM»m«ri, 
which  was  maintained  for  aevenil  years  with  great  vigour  and  Hbilitr  en 
both  aides,  but  which  finally  terminated,  leaving  the  question  at  issue  "" 
undecided.  It  is  now  well  ascertained  that  Pond  was  right  in  >>is  co 
fiions,  but  it  must  be  admitted,  on  the  other  liand.  that  the  aimni 
re&ulta  ohtained  by  his  opponent  have  not  been  aatisfactorily  acconnted 
for.  This  celebrated  controvetsy,  if  it  did  not  lead  to  the  object  originallj 
contemplated  by  Brinkley,  was  not  unproductive  of  ad\*iintftgea  of  great 
impi^trtance,  in  ao  far  as  the  ultimate  at'cotnplishment  of  that  object  w$s 
concerned ;  since  it  had  the  efl'ect  of  placing  in  a  vastly  clearer  light  than 
hitherto,  the  intluence  of  the  various  disturbing  causes  which  go  to  war 

Slicate  the  observations  of  astronomiers,  and  which  comptetelj  e&ee  the 
elicata  variations  arising  from   the  parallax  of  the  fixed  starB,  trnkas 
rigorously  taken  into  account*. 

During  tbe  interval  included  between  the  years  1818  and  1831.  M. 
Struve  made  a  eeries  of  observatiftns  of  rircnmpolar  stars  at  I>orvat, 
with  the  view  of  detecting  a  sensible  pamllax  in  some  of  them.  His 
method  consisted  in  observing  the  stars  by  pairs,  selecting  tho)«e 
were  nearly  opposite  in  right  ascension,  so  tlmt  the  superior 
one  of  the  stars  took  place  almost  simultaneouslj*  with  the  in: 
sage  of  the  other ;  and  the  evidence  of  paralla,^  was  sought  for,  by  row 
paring  the  dilTerences  of  the  right  ascensions  of  the  two  stars  ns  dt^lrTTDiBed 
at  varioua  timea  throughout  the  year.  The  researches  of  M.  StruTt 
seemed  to  indicate  the  existence  of  a  sensible  parallax  in  seireral  in- 
stances, but  the  results  were  in  all  eases  so  insigurfieant,  lod  eoaaeiyDraUy 
the  prohftbility  was  so  much  the  stropger  of  their  being  fi^  ' — f  \/f 
disturbing  causes,  whose  iufluenee  had  not  been  taken  into  .  !^ 

notwilhstimding  the  acknowledged  reputation  of  the  astrmiOTnt t  lo 
they  were  due.  they  did  not  generally  command  the  coofldenc* 
scientific  world. 

In  the  year  18<')5  M.  Stmre  oomtnenced  n  aeries  ef  ohaerratioiw 
the  view  of  detecting  the  parallax  of  the  bright  star  m  Lynr. 
method  pursued  by  him  on  tliis  occaaion,  consisted  in  measuring  vttb 
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ft  micrometer  tlie  distance  "between  the  star  anil  anotbeir  very  small  star, 
situate  about  i^"  from  it,  repeating  the  opemtioti  at  dilfareat  seasons 
throaghoat  tbe  jear.  Tlie  r^ult  of  this  enquiry  went  to  assign  a  parallax, 
of  0",2ei  to  the  brighter  of  the  tvo  stara. 

Shortly  afterwards,  the  existence  of  an  annual  variatSon  of  8en§ible 
amount  in  the  apparent  position  of  a  star,  depending  on  tho  motion  of 
the  earth  in  her  orbit,  ^ros  established  beyond  all  doubt,  in  two  instances, 
by  the  independent  lalwurs  of  two  cowteraponuy  astronomers.  The  stare, 
wboee  abs.i>liite  distances  have  been  thus,  ascertained,  are  01  Crgni  and 
«  Centauri.  the  parallajc  of  the  former  having  been  determijied  by  Bessel, 
«nd  that  of  the  latter  by  the  late  Professor  Honderson,  of  Edinburgh,  It 
is  impcKsible.  within  the  limits  to  vrbieh  we  are  confined,  to  do  anything 
else  than  merely  bestow  a  passing  glance  on  the  important  researches 
of  these  astronomers  on  this  occasion. 

The  itar  61  Cygni,  besides  being  double,  is  remarkable  for  an  unusually 
hfgt  proper  motion.  It  appears,  in  fact,  from  the  observationa  of  astro- 
oomesTB,  to  t>e  transported  through  space  with  an  annual  motion  of  rather 
more  than  u"  of  are.  This  circumstance  induced  Bessel  to  suspect  that 
its  pamlkx  must  be  very  considerable,  and  he  resolved  accordingly  to 
ascert^n  il6  amount.  Ue  chose  for  this  puq>ose  two  very  smalt  stats, 
one  at  the  distance  of  }V.8  from  the  centre  of  the  line  joining  the  two 
component  members  of  61  Cygni,  and  the  other  at  the  distance  of  T^7 
firem  the  same  point;  and  the  establishment  of  the  paralla^i  of  the  star 
de^^ended  on  the  detection  of  an  annual  variation  of  these  distances,  as 
detormined  by  observation  at  different  seasons  of  the  year.  The  distances 
were  ascertained  by  means  of  a  mftgniljcent  heliomeier,  which  Fraun- 
ijofer*  of  Munich,  had  recently  executed  for  the  Observatory  of  Konigs- 
berg,  and  wliich,  from  the  principle  of  its  construction,  was  eminently 
fldapted  for  micrometric  measurements  on  so  large  a  scale.  The  observa^ 
titms  were  commenced  iu  the  month  of  October,  1837,  and  were  cou tinned 
till  March,  ISlit.  By  a  subsequent  diacuasion  of  them,  in  which  every 
imaginable  cause  of  disturbance  was  taken  into  careful  consideration,  and 
its  effect  rigorously  calculated,  Bessel  arrived  at  the  final  conclusion  that 
the  fiarallar  of  the  star  amounts  to  0'''.::J483.  This  result  has  received  a 
confirmation  from  the  recent  researches  of  M.  Petei"s,  who,  from 
es  of  ienitb  distances  of  the  star,  determined  at  the  Observatory  of 
Pulkowa  during  the  years  IB4,SI~S,  has  found  its  parallax  to  be  equal  to 
„0".34y. 

It  has  been  mentioned,  that  the  other  astronomer  who  succeeded  in 
itabliabing  by  unequivocal  evidence  the  existence  of  a  sensible  parallax 
in  one  of  the  fixed  stars,  was  the  late  Professor  Henderaon,  of  Edinburgh. 
The  double  star,  a.  Centauri,  which  was  the  object  of  his  researches  on 
that  occasion,  is  one  of  the  brightest  sidereal  objects  in  the  southern  he- 
misphere. Ui.s  investigation  was  founded  on  the  zenith  distances  of  the 
ft  tar  aa  ol»erved  by  himself  at  the  Cape  of  Good  Hope,  with  a  mtiiml 
circle,  daring  the  years  183M-3,  These  observations  were  made  with  the 
view  of  establish ing  the  mean  declination  of  the  star.  It  was  only  from 
a  oonsideration  of  the  large  proper  motion  of  the  star,  which  amounts 
ttnnufilly  to  d'".6  of  arc,  that  he  was  induced  several  years  afterwards  to 
institute  an  enquiry  into  its  parallax.  The  result  at  which  he  arrived 
confirmed  his  previous  suspicion,  the  star  having  been  found  by  him  to 
have  a  parallax  of  I'Mfl.  The  researches  of  Mr.  Maclear,  the  successor 
«£  HeiKierson  at  the  Cape  of  Good  Hope,  have  completely  verified  tha 
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existence  of  a.  senBible  parallax  in  the  star,  the  final  result  obtainedl  by  huD 
being  onlj  a.  small  itaclion  less  than  that  deduced  by  Henderson.  From 
observationa  made  at  the  Gape,  during  the  years  1839-40,  Mr.  Madear  dik 
teimiced  the  parallax  of  the  star  to  be  0".dl;J8,  and  from  still  more  rdoent 
observations,  extending  down  to  1848,  be  has  found  it  to  be  O'^^IST,  The 
latter  may  be  considered  as  the  de^nitive  value  of  the  parallax  of  the  atar. 

The  parallax  of  «  Centauri,  as  determined  by  the  researches  of  Mr, 
Maclear,  assigns  to  the  star  a  distance  from  the  earth  which  maj  be  said 
to  amount,  in  round  numbers,  to  SO  billions  of  mlies.  The  aaceeaaire 
propagatiDn  of  light  supplies  the  only  means  of  formitiig  anytlmig  like  an 
adeq^uate  conception  of  this  immense  distance.  Nove  light  trayerses  apace 
at  the  rate  of  ID'2,000  miles  in  a  second  of  time,  and  consequently  the 
distance  traversed  in  a  year  would  extend  to  (5,059  billions  of  miles. 
Henco  it  follows,  that  notwithstanding  the  amazing  velocity  of  this  agent, 
it  would  require  about  three  years  and  a  quarter  to  pass  from  k  Centaun 
to  the  earth.  The  distance  of  Gl  Cygni  is  about  60  billions  of  tnile^; 
consequently  the  light  of  that  star  does  not  reach  the  earth  in  less  than 
ten  yeaj-s  after  its  emission ! 

Knowing  the  parallaxes  of  61  Cygui  and  a  Centauri,  and  also  their 
apparent  proper  motions,  it  is  hence  easy  to  deduce  the  absolnte  amoont 
of  space  through  which  each  of  these  stars  is  transported  tn  the  course  of  a 
year.  Thus,  in  the  case  of  61  Cygni,  which  has  an  annual  proper  motkii 
of  about  5'\  since  tlie  radius  of  the  terrestrial  orbit  subtends  only  an 
of  0^.343  when  viewed  at  the  distance  of  the  star,  it  follows,  that 
space  through  which  the  star  is  annually  transported  iu  virtne  of^ 
proper  motion,  exceeds  the  radius  of  the  terrestrial  orbit  in  the  prop-irtion 
of  S"  to  O'MiiS.  Now  the  radius  of  the  terrestrial  orbit  may  be  esti- 
mnted,  in  round  numbers,  at  Q5  millious  of  miles.  Hence  it  may  be  ascer* 
tained,  by  a  simple  process  of  arithmetic,  that  Uie  star,  61  Cygni,  wl 

ner  motion  can  only  be  established  by  obsen'ations  of  the  most  deli< 
,  and  which  in  consequence  was  long  regarded  as  a  ^/Lti*d  slaf. 
continually  transported  through  space  at  the  annual  rate  of  ]  333  millioQS 
of  miles!  In  the  same  way  it  may  be  sbev^^,  that  the  linear  spAOi 
through  which  «  Centauri  is  tmusnorted  in  the  course  of  a  year,  amottafii 
to  no  less  than  371  millions  of  miles.  It  is  manifest,  from  tl 
rumbera,  that  the  epithet, /ixtjrf,  can  no  longer  he  regarded  as  an  b{ 
priate  designation  of  any  class  of  the  celestial  bodies. 

Allusion  has  been  made  to  M.  Struve's  investigation  of  the 
a  LyriB.  The  more  recent  researches  of  M.  Peters,  tend  to  pro  re 
tlie  star  has  a  sensible  parallax,  although  the  result  is  cousiderablj 
than  the  parallax  previously  assigned  to  the  star  by  M.  Strurc.  As* 
suming  the  latter  to  be  the  true  value,  as  being  detenuined  by  a  aiote 
trustworthy  method  than  that  founded  on  observations  of  the  xeaitli 
distance  of  the  star,  which  formed  the  groundwork  of  Jl.  Fetem'  re- 
searches, we  may,  by  combining  it  with  the  light  of  the  star  as  asc6flnatd 
by  the  experiments  of  WolJaston,  arrive  at  an  evaluation  of  the  tt 
magnitude  of  the  star.  To  this  end  it  may  be  remarked  that  the  _ 
0".*201,  arrived  at  by  M,  Struve,  supposes  the  distance  of  m  Lym 
the  earth  to  exceed  the  distance  of  the  sun  from  the  earth  in  the  pi 
tion  of  about  800,000  to  I .  Now  if  the  sun  was  trausnorted  to  tbia  dut 
it  would  follow,  from  the  diminution  of  light  accorahig  to  the  redifoeil 
of  the  square  of  the  distance,  that  the  actual  light  of  the  sun  woiud  «> 
ceed  the  light  he  would  then  emit,  in  the  proportion  of  040,000 


to  1.  But  Wollaston  found  that  tbe  actual  light  of  the  sun  exceeded  the 
light  of  et  Lyrae,  only  in  the  proportioii  of  180,000  juillioDs  to  1.  It 
foUowa,  thsrefore,  that  the  light  of  a  Lyrf^  would  exceed  that  of  the  sun 
placed  at  the  saiQc  distance,  in  the  proportion  of  Q4  to  18,  or,  in  other 
words,  the  light  of  *  Ljrte  ia  equal  to  that  afforded  by  3.5  suns. 

In  odditiou  to  the  pamllaxea  of  61  Cygui  and  «  Lyrs»  M.  Peters  haa  in- 
vestigated those  of  aeveraJ  other  stars.  The  groundwork  of  his  researclies 
in  all  these  instances  consisted  of  a  series  of  apparent  zenith  distances 
of  the  start  detennined  at  the  Observatory  of  Pulkowa,  with  the  great 
vertical  circle  by  Ertel,  during  the  years  1B42-3.  The  results  hare  been 
employed  by  him  in  establishing  the  mean  value  of  tlie  parallax  of  a  star 
of  the  second  magnitude,  which  he  finds  to  amouutto  0".ll6.  Hence  it 
may  he  readily  inferred  that  the  light  from  one  of  such  sturs  would  not 
xeacb  the  earth  in  less  tliau  28  years.  Combining  the  result  at  which 
he  had  arriTed  relative  to  the  mean  parallas  of  a.  star  of  the  second  mag- 
nitude, with  the  relative  distances  of  the  stars  of  successive  magnitudes, 
as  determined  by  M.  SU'uve,  in  his  EtudUs  d'Astronomie  SleUaire,  M. 
Peters  was  enabled  to  estimate  the  paral]fu\es  of  the  stars  of  the  various 
orders,  from  the  stars  of  the  first  maguitude  down  to  the  smallest  stars 
visible  in  the  SO-feet  reflecting  telescope  of  Herschel.  In  this  manner 
be  found  that  the  distance  of  the  smallest  stars  visible  to  the  naked  eye 
19  sacht  that  the  light  emitted  by  them  does  not  reach  the  emrtb  in  less 
than  138  years.  lie  also  found  that  the  light  from  one  of  the  smallest 
atars  visible  in  the  aO-feet  reflecting  telescope  of  Herschel,  occupied 
3541  years  in  traversing  the  distance  between  the  star  and  tlie  earth  1 
These  results  can  of  course  only  be  regarded  as  provisional,  until  obser- 
vations of  sufficient  delicacy  be  amasj^ed,  which  shall  form  the  groundwork 
of  a  more  rigorous  investigation  of  the  subject ;  but,  being  founded  upon 
principles  which  present  a  strict  accordance  with  analogy,  they  cannot  fail 
to  prove  highly  interesting  and  suggestive  to  the  rejecting  mind. 

Although  it  was  long  generally  supposed  that  the  stars  are  absolutely 
immoveable  with  respect  to  each  other,  there  were  occosiouully  indi- 
viduala  of  an  original  turn  of  mind  who  refused  their  assetit  to  a  prin- 
ciple which  formed  so  striking  an  anomaly  to  all  the  other  arrangements 
of  nature,  and  who  ventured  to  suggest  the  probability  of  a  motion  of  the 
Stars,  inter  se,  hefore  the  observations  of  astronomers  acquired  a  auf 
ficient  degree  of  precision  to  indicate  even  the  slightest  trace  of  its 
real  existence.  Among  these  may  be  mentioned  Jordano  Bruno,  an 
Italian  philosopher  of  the  sixteenth  century,  whose  abjuration  of  the 
Bomisb  iaith,  and  vigorous  exposure  of  the  fallacies  of  the  Aristotelian 
physics,  the  adherents  of  which  were  closely  leagued  with  the  Church  ia 
repressing  all  rational  enquiry,  unfortunately  led  to  the  forfeitui'e  of  his 
life.  This  daring,  although  somewhat  eccentric  individual,  believed  that 
the  stai^  are  all  equal  to  the  sun  in  magnitude  and  splendour;  and  that 
the  universe  is  peopled  with  an  innumerable  multitude  of  such  bodies. 
He  maintained  that  we  are  not  warranted  in  supposing  that  they  are  all 
fixed  with  respect  to  each  other,  since  their  distance  from  the  earth  is  so 
immense,  that  it  would  be  difficult  to  estimate  their  motions;  and  he 
remarked,  that  it  could  only  be  decided  after  a  long  course  of  obsorvation, 
whether  the  stars  revolved  round  each  other,  or  what  other  motions  they 
might  have*.     Hooke,  whose  genius  threw  a  gleam  of  light  on  every 

*  Jordano  Btuho  was  boro  about  th«  middle  of  the  aixttenth  ixnttiry,  at  Nble,  ia 
the  kingdom  of  Knplet.    In  early  Ufe  be  entered  the  order  <^  DoDunians-  but  having 
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Bulyect  of  pViysics  wliich  engaged  his  attention,  did  not  ikil  to  perceire 
the  improbabilitj  of  the  stara  being  absolutely  fixed  witJi  respesct  to  each 
other,  and  he  suggested  that  not  only  these  bodies,  but  the  whole  lohir 
system  might  be  in  a  state  of  continaal  motion*. 

The  first  person  who  suspected,  from  observation,  that  the  ttan  hftve  a 
proper  motion,  w&s  the  celebrated  Edmund  H alley.  His  remarks  on  the 
I  subject  are  coutained  in  a  paper  wbicli  is  inserted  in  the  Phii^ftophiei^ 
Tramtactions  for  1718.  By  comparing  the  obaermtions  of  the  eaxlier 
astronomers  of  the  Alexandrian  school  with  those  of  more  recent  timei. 
he  was  led  to  conjecUire  that  the  etars  Aldehamn,  Arctaras,  and  S 
were  advancing  slowly  towards  the  south.  In  173B  J.  Cassini  co 
nicated  a  memoir  on  the  same  subject  to  the  Academy  of  Sciences, 
served  to  cgnfinn  the  justness  of  Halley's  surmise.  By  cotopariDg  Uie 
observations  of  Arcturus  made  by  Richer,  at  Cayenne,  in  1672,  with 
aimiltir  observations  executed  in  his  own  time  at  Paris,  be  found  that  the 
latitude  of  the  star  had  undergone  a  sensible  change  during  the  intlodad 
interval.  It  was  still  imcertain,  however,  whether  this  proceeded  from  t 
displacement  of  the  ecliptic,  or  from  an  actual  change  in  the  position  ol 
the  Btar.  J.  Cassini  demonstrated,  by  the  most  conclusiTe  evidence,  chat 
the  phenomenon  was  attributable  to  the  latter  cause.  He  found,  in  ISiei, 
that  while  Arctunis  had  shifted  to  the^  extent  of  6'  in  latitude  sines  ihe 
time  of  Tycho  Brahe,  the  star  n  Bootes,  situate  in  ita  vicinity,  did  not 
exhibit  &nj  sensible  displacement.  No^r  the  change  of  latitude  ought  to 
have  been  sensibly  the  same  for  both  stars  if  it  had  arisen  from  a  dis- 
placement of  the  ecliptic.  It  was  therefore  manifestly  due  to  an  altam- 
tion  in  the  position  of  Arcturua  with  respect  to  the  other  stars f- 

Bradley,  in  the  paper  containing  the  account  of  his  disco vaj  of  lbs 
nutation  of  the  earth's  axis,  inserted  in  the  Philosophical  Trantmeiiemhi 
1748,  has  remarked,  that  the  apparent  motions  of  the  stars  au^ 
either  from  a  motion  of  the  solar  system  in  space,  or  from  %  ntl 
in  the  positions  of  the  stars  themselves:  but  he  oonsiderod  tlwl 
ages  would  elapse  before  it  would  be  possible  to  arrive  at  a  defimtifv 
elusion  on  the  subject. 

The  motion  of  the  solar  system  in  space  formed  part  of  the  cosmtod 
syttem  of  Thomas  Wright,  propounded  by  him  in  hia  *'  Tbeoi^  of  tfae 

become  disgujted  with  tFiC'  corrupt  tnttrals  of  his  brother  moolai  be  woa  aSuPWih 
retired  from  the  cloistf^r.  Abniit  the  yenr  1580  he  rouaircd  to  G«aeva,  1>)mi«  fas  dijIINd 
the  Romish  fai^»  and  embraced  the  doctrinn  of  CaJTii^,  It  doe*  not  mppmr,  huwim, 
thai  he  ww  a  tmd&Bi  Kihennt  lo  the  priniapW  of  his  new  cnmd.  Proia  Ciaimi  to 
^uaed  into  Fraoce,  uid  afterwordi  viaitcd  Eoaund  uul  Germaajr.  Ovring  hk  rvMcaoE 
in  thcK  Gountriea  be  difti»gut«hed  himaelf  by  the  originality  of  hii  ideH  on  diftaHt 
subjedi  of  phtliifophy,  and  by  his  merdlen  exposure  of  the  absurdltia  of  the  tdhooJ. 
men.  Being  nuturmlij  denmus  ofrcrlsitrngf  his  native  country,  be  proceeded  to  Tnlv 
ia  1596 ;  but  he  had  no  KKmer  nrrtved  in  that  city  than  he  wai  arraitod.  utd  H«ti  m  a 
iMiaooer  to  Rome.  Hero  he  wai  detitiiwd  for  two 'yemrt  in  the  du*f«om  Orf  l]ie  In^pi* 
•itioo,  wiLboitt  being  brought  to  trial.  At  length,  o»  the  9th  of  February,  lOUO,  )w  ■« 
condemned  to  die  the  death  of  a  heretic  and  infidcL  It  is  uid,  thit  Khcn  hiaKSMm 
iraa  n»d  to  hira,  he  replied  to  his  Judge*  in  the  following  termi : — "  Thw  •eatcofie,  p«* 
novHioed  in  the  name  of  a  God  of  luerr?,  tenifiea  joo  mofc  than  tt  doei  tne,*  la  p*i 
■fnuHe  of  tbe  leiiteDce,  the  unfortunate  man  wh  aimed  to  the  phes  af  nsMtiaiaB 
Uw  17tli  of  theHOM  month,  and  forthwith  comnntted  la  the  laiMt.  TImm  bMHBB  Ip 
uupeet  that,  u  in  the  more  ieiiicnt  case  of  Galileo,  the  baffled  Uriilnloluni  iai  «« 
Cf  imp  licit  J  with  the  Romish  Church  to  the  perpetration  of  lhi«  ilrocwKia  i 
Bruno  wti  the  author  of  a  great  number  of  wotki  on  pbiloaophy,  ill  of 
groat  boldneH  and  orif^inality  of  thouf^ht. 
*  PbalhuDUMja  Worki^  p.  AOe. 
f  Uha,  Atad.  de»  Bcieueek,  1708,  ft.  S37. 
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UiuTerse,"  published  in  17&0*.  He  supposes  that  the  sun.  vdth  lits 
oortege  of  planets,  as  woH  as  all  the  st^rs  of  lbs  firmament,  are  in 
contiuiud  motioti.  We  shall  have  ag^a  occasioD  to  refer  to  the  specula- 
tioiis  of  this  individual. 

Majer  was  the  first  ctstrononier  who  endeavoured  to  deduce  some  defi- 
nite result  from  an  examlnatioD  of  the  proper  motions  of  the  stars. 
His  researches  on  the  euhjoct  are  contained  in  a  menioir  which  he  com- 
municated to  the  Academy  of  Sciences  of  Got  tin  gen.  in  1760,  and  which 
was  subseqneotly  insert od  in  vol.  i.  of  his  "  0/t^a  Inedita,"  published 
in  1771.  Thej  were  baaed  upon  the  prop€r  motione  of  80  stars,  deter- 
mined by  a  comparison  of  the  observations  of  Eoenier,  in  1706,  with 
eomsponding  observations  of  his  own  and  LHC&illes,  in  1750  and  J  750. 
H*  retoarked,  that  if  t)ie  solar  system  ivas  advancing  towards  any  deter- 
minate part  of  the  cele^tiBJ  sphere,  it  woaM  necessarily  follow  that  the 
stars  in  that  region  would  appear  to  he  gradually  approaching  together, 
vbereas  in  the  opposite  region  they  would  Becm  to  be  withdrawing  more 
and  more  apart  from  each  other.  He  arrived,  however,  at  the  conclusion 
that  the  observed  proper  motions  of  the  stai-s  did  not  aftbrd  evidence  of 
the  solar  system  bebtg  transported  through  space  towards  any  particular 
fegioQ  of  the  heavens. 

In  1783  Herschel  examined  the  same  suhject,  and  arrived  at  a  conclu* 
sion  diametrically  opposed  to  that  of  ilayer.  His  investigation  was 
foanded,  in  the  first  iustauce,  upon  the  proper  motions  of  seven  prinfipnl 
stars,  as  determined  by  Maakelync.  These  data  seemed  to  indicate  that 
the  solar  system  was  advancing  towards  a  point  in  the  coustellation  of 
Hercules,  corresponding  to  about  il57"  of  right  ascension.  An  examina- 
tion of  the  proper  motions  of  several  of  the  stars  contained  in  Mayer's 
list  tended  to  confirm  this  opinion.  He  arrived  at  the  final  conclusion, 
that  by  taiiiDg  a  point  somewhat  to  the  uorth  of  the  star  \  Herculis, 
the  observetl  proper  motions  would  be  reconciled  to  a  great  extent  with 
die  hypothesis  of  a  motion  of  tlie  solar  system  in  that  direction.  The 
point  thus  assigned  by  him  was  situate  in  '^57^  of  right  ascension  and  SO"^ 
north  declination  \. 

The  same  year  which  produced  the  researches  of  Herschel  on  the 
motion  of  the  solar  system  in  space,  was  also  distinguished  by  a  similar 
in?e8Cigation  on  the  part  of  Prevoat,  By  a  di^ussiou  of  Mayer's  proper 
motions,  he  found  that  the  solar  system  was  advancing  towards  a  'point 
situate  in  ^SC^  of  right  ascension  and  95*^  north  declinatioa. 

The  suhject  of  the  motion  of  the  solar  system  in  space  was  subse- 
quently considered  by  Klugel  in  the  Berlin  Hphemeris  for  1789.  His 
researches  were  founded  on  the  proper  motions  contained  in  Mayer's  list. 
He  found  that  the  apex  of  the  solar  motion  was  situate  in  '360'  of  right 
ascension  and  Q7'  north  declination.  This  result  presented  a  very  satis- 
factory  agreement  vith  that  obtained  by  Herschel. 

In  1806  Sir  W.  Berschel  communicated  to  the  Boyal  Society  a  second 
paper  on  the  motion  of  the  solar  system.  His  researches  on  this  occa- 
aioti  were  based  upon  Maakelyne's  catalogue  of  the  proper  motions  of  30 
etars  publialied  in  1700.  He  obtained  for  the  solar  apex  a  position  whose 
right  ascension  was  345°  63'  30"  and  north  declination  4^  38'.  This 
result  differed  considerably  from  that  to  which  his  previous  researches  had 
c-onducted  him. 

•  "  An  Originol  Theory,  or  New  Hvpotbeiia  of  the  Univefse,  Founded  upon  the  Laws 
Nature,  iKr,  by  Thomas  \Vr!ght,  of  Durham,"    4to,  London,  1750. 
t  PhiU  TnniL,  1783,  p.  247,  et  ssq. 
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Biot.  In  the  additions  to  liia  Astronomic  Phjsiqug,  published  in  Xi 

has  considered  the  subject  of  the  motion  of  the  solar  system  ifl    _  

An  inveatigatioiit  based  on  tlie  proper  motions  of  several  starB,  as  deter 
mined  by  a  comparison  of  the  obgerrationa  of  Bradley  and  Mayer  with 
those  of  Moskelyna  and  Fiazzi,  induced  him  to  conclude  that  there  did 
not  exist  sufficient  grounds  for  believing  that  the  solar  system  is  adTsuc- 
ing  towards  any  determinate  point  of  the  heavens.  The  same  condmion 
was  arrived  at  in  the  year  1818  by  Bessel,  who  examined  the  guligeet  io 
the  Funthmenta  Astronomice,  th&  groundwork  of  his  researches  oonaistisg 
of  the  proper  motions  of  a  considerable  number  of  stars,  determiDed  by  a 
comparison  of  Oie  observations  of  Bradley  with  those  of  Pi&zd. 

No  enquirer  seems  to  liaro  attempted  to  verify  or  disprove  the  a£««ctian 
of  Bessel  until  Argclauder  was  iuduced  to  direct  his  attention  to  tJie  sab- 
ject.  The  researches  of  that  distinguished  nstronoraer  yvere  publishi " 
the  year  1837,  in  vol.  lii.  of  the  "  Minwins  Pr^s^fUes  par  Divert  Sax 
of  the  Academy  of  St.  Petersburg,  They  were  based  upon  the  pi 
motions  of  390  stars,  determined  by  a  comparison  of  the  obserratior 
Bradley  with  those  executed  by  himiielf  at  Abo,  The  result  at  -which 
arrived  was  favourable  to  the  supposition  of  the  miition  of  the  &olar  system 
in  space.  The  followiTig  are  the  co-ordinates  of  the  point  towards  which 
he  iomid  it  to  be  advancing,  referred  to  the  mean  equinox  of  1702: — 


Rl^fat  AEcension. 
S5r  47',C 


Declination  Nartl)> 
2r  Q9'.5. 


This  result,  deduced  by  a  method  founded  upon  some  of  th^  most  ref 
principles  of  mathematical  investigation,  presents  a  remarkable  agr09- 
ment  with  the  rough  determination  of  Herschel  in  ITS3. 

The  next  person  who  undertook  to  investigate  the  Bubject  of  the  solaj 
motion  wfts  Lundahl.  His  researches  'were  based  upon  the  proper  motSMM 
of  about  150  etar:^,  determined  by  a  comparison  of  the  obserrKtlflas  of 
Bradley  with  those  of  Pond.  He  obtained,  for  the  apex  of  the  solir 
motion,  the  following  co-ordinates,  reduced  to  the  mean  equinox  of  110*2  :— 


Right  Ascension, 
S5r  24'.4 


Declinntion  Korih. 

14"  ae'.i. 


This  result  presents  a  considerable  discordance  with  most  of  those  liithMtt 
dedaced. 

M.  Otto  Struve  soon  afterwards  undertook  the  invostigation  of 
interesting  subject.  His  researches  were  based  on  the  proper  tnotiods  of 
about  400  stars,  determined  by  a  comparison  of  their  places,  as  obsemcd 
by  Bradley,  with  those  deduced  from  the  observations  of  M.  Strure  ti 
Dorpat.  The  following  are  the  eo>ordi nates  ho  obtained  for  the  ap«x  of 
solar  motion,  reduced  to  die  beginniug  of  the  year  1790: — 

Kgbt  Awcnaion,  Dwlination  Korlli. 

Sflr  33M  37°  a5'.7. 

By  combining  this  result  with  tite  corresponding  results  arrived 
Argolander  and  Luudahlt  M,  Otto  Struve  determined  the  oo^ordu 
the  point  in  the  celestial  sphere,  towards  which  the  sun  is  adi 
to  be; — 


Right  Aiccniiott. 
S&O"*  0'.4 

<&r  the  epoch  of  17^X 


Declifwiion  North. 

34°  w.a 
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Tiiis  may  be  conaidored  as  the  definitive  positicm  of  the  ap6x  of  solar 
motion,  deducible  from  the  proper  motions  of  atara  in  the  northern  hemi- 
Bpbere,  as  hitherto  determitied.  A  remarkable  confirmation  of  its  accu- 
racy has  been  recently  afforded  by  the  researches  of  Mr.  Galloxray  on  the 
same  sabject,  founded  on  the  observaliouB  of  stars  in  the  southern  hcmi- 
Gpliere  *.  The  data  \^hich  formed  the  groundwork  of  Mr.  Galloway's 
inrestigation,  consisted  of  the  proper  motions  of  81  stars,  determined  by 
a  comparison  of  their  places,  aa  assigned  by  Lacaille,  about  the  middle  of 
the  eighteenth  ceotury,  with  those  deducible  from  the  modern  observa- 
tions of  Johnson  and  Henderson.  The  following  ore  the  values  of  the 
co-ordinates  which  he  obtained  for  the  apex  of  solar  motion,  the  epoch  of 
the  mean  equinox  being  the  beginning  of  1790  : — 

Right  AscetisJou.  Declinalioa  North. 

2br  46'.3  32^  iJ9'.6. 

Mr.  Main,  of  the  Royal  Ohserratory,  Greenwich,  has  recently  commu- 
nicated to  the  Astronomical  Society  a  paper  on  the  proper  motions  of 
&75  stars,  which  may  be  considered  as  establishing,  bej-ond  all  doubt,  the 
general  accuracy  of  the  various  inveatigations  above  referred  to  +. 

The  researches  of  M.  Otto  Stmve  have  conducted  him  to  a  deter- 
mination of  tlie  actual  velocity  with  which  the  solar  system  is  being  trans- 
ported through  space.  Having  found  that  the  space  traversed  by  the  sun 
in  a  year  would  subtend  an  arc  ef[ual  to  0".33fl2,  if  viewed  at  the  mean 
distance  of  stars  of  the  first  magnitude,  and  having,  moreover,  ascer- 
taintd  that  the  mean  parallax  of  the  stars  of  the  latter  class  amounted  to 
0".209,  ha  was  enabled  hence  to  conclude  tliat  the  space  through  which 
the  solar  system  annually  moves,  exce<::d3  the  radius  of  the  terrestrial 
orbit  in  the  proportion  of  0".33fl3  to  0".20D.  In  this  manner  he  found 
that  the  absolute  space  traversed  by  the  solar  system  in  the  course  of  a 
year  amounts  to  1,633  radii  of  the  terrestrial  orbit,  which  is  equivalent  to 
154  millions  of  miles.  Comparing  this  result  with  the  corresponding 
resolta  obtained  for  ftl  Cygni,  and  «  Centauri,  we  have — 

The  sun 154  millions  of  miles. 

a  Centaiu*!         .         .         ,         .371         „  „ 

61  Cygni 1333         „  „ 

Th^e  numbers  are  fairly  comparable  with  each  other,  and  are  verj 
interesting  on  account  of  the  analogy  which  they  exhibit  m  existing 
between  the  sun  and  the  stars. 

The  elder  Struve  has  thus  summed  up  the  results  to  wViich  the  three 
astronomers,  MM.  Argelander,  0.  Struve,  aud  Peters  have  been  conducted 
by  their  researches  in  stellar  astronomy; — '■'The  motion  of  the  iolar 
tyst^m  in  $pace  is  directed  to  a  point  in  the  celMtial  sphere,  situate  on  the 
ritjht  litie,  Khich  joiti*  the  iuco  stars  of  the  third  maffnittide,  r  and  fi  Her- 
culist  at  a  quarter  of  the  apparent  distance  bitweeyi  these  stars^  measured 
from  ff  Hercvlis,  The  tdvciiy  of  this  motion  i$  such,  that  the  svn,  witk 
the  whole  cortege  of  bodies  depending  on  him,  advante^  annuaily  in  the 
direction  indicated,  through  a  space  fqual  to  1.6'^S  radii  of  the  terrestrial 
orbit,  or  15-1  millions  of  miles"] 

Although  the  recent  researches  of  astronomers  have  thus  fully  esta- 
blished that  the  sun,  and  his  attendant  planets,  are  at  present  advancing 

•   Phil.  Trans.,  1847,  p.  79.  et  seq. 
-^   Men].  Ajt.  Soc.,  tqI.  lis.,  p,  ]2I,  et  seq. 
i  "  fitudes  d'Astronoroie  Stellaire,"  p,  108. 
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towards  a  determiimte  point  in  the  heavens,  it  would  be  mood^steni 
aoalogy  to  GuppoEe  that  tlie  tnotioa  will  always  be  directeil  tow&i 
same  point.  From  a  considemtion  of  till  th^  other  celesti^  move 
th&t  hftTe  been  hitherto  recognised  bj  astronomers,  it  is  impo&u 
avoid  the  conclusion  that  the  path  traced  out  by  the  sun  ia  in  reality 
viUnear.  Bat.  indeed,  motion  in  a  right  line  wo«ld  be  utterly  irvcoA- 
patible  with  the  principle  of  gi-avitation,  a«  eaUiblialied  by  N cm  ton,  betvieen 
the  difierent  parts  of  the  material  universe.  It  can  liardly  be  doobteili 
therei'ore,  that  the  apex  of  solar  motion  h  do^wly  shtftiug  its  poeition  ia 
the  oelestiid  sphere,  And  that  it  will  eventuallj  eithibit  a  seiisible 
ment.  It  is  nut  improbable  that  by  thus  tracing  out  tiie  path  of  thA 
apex  in  the  heaveusj,  the  aic;tual  path  of  the  sun  iu  absolute  space 
one  day  determiaed.  Tlu^  would,  indeed,  be  a  magnificent  triumph  of 
inductile  science;  but  a  countless  series  of  ageft  may,  perhaps,  dlpse 
before  ita  achievement  will  be  realised. 

Guided,  also,  by  the  analogy  of  the  planets  and  satoUltea  mrol 
round  their  respective  primaries,  several  enquirers  into  the  cosnitcal 
tur©  of  the  hen  vena  have  come  to  the  conclusion,  that  the  whole 
system  is  revolving  round  some  central  body.  This  principle  formed  jMtft 
of  the  system  of  Wright,  as  expounded  in  his  remarkable  work  ou  tbe 
"  Theory  of  the  Universe,"  to  which  alliLsion  has  already  been  made.  lH 
was  also  maintained  by  his  sutcesaors,  Kant,  Lambert,  and  Michell. 
William  Herschel  has  cautiously  abstained  Irom  expressing  a  d 
opinion  upon  this  point.  In  more  recent  times  M.  Madler  has  madd 
hypothesis  of  a  central  sun  the  groundwork  of  some  very  rci 
speculations.  Hia  final  conclusion  iti,  that  the  Pleiades  may  be 
as  the  central  group  of  tho  stars  composing  the  system  of  the  millcj 
and  that  the  bright  star  of  iliat  group,  Alcyone,  is  the  central  body.'rouBid 
which  they  are  all  revolving.  It  is  manifest  that  all  such  speculai 
are  far  in  advance  of  practical  astronomy,  and  therefore  they  mu 
regarded  as  premature,  however  probidjle  may  be  tl>o  suppositions 
which  they  are  based,  or  however  skilfully  they  may  be  connected  with 
the  actual  observations  of  astronomers, 

Wlien  astronomical  observations  came  to  be  made  with  tele6eop«e  po«- 
sessing  a  considerable  degree  of  optical  power,  it  was  found  that  devefil 
stare,  which  to  the  naked  eye  appeared  single,  consiated  in  reality  of  two 
itara,  so  vei^  near  to  each  other  that  they  severally  ialWl  to  produce  an 
impression  of  their  individuality  upon  the  unaided  organ  of  vision.  Am 
early  as  the  midiile  of  the  aeveiiteenth  century.  RiccioU  reinurked  iWi 
the  star  in  the  middle  of  the  tail  of  the  Great  Bear  i^Vr^tb  M^joim]^ 
when  observed  with  the  telescope,  was  found  to  exhibit  the  nmtmnnni^ 
two  distinct  stars  in  close  juxtapoaition*.  A  few  yean  AU*n^faH 
similar  remark  was  made  by  Hooke  with  respect  to  the  double  »tar  > 
Artetisf,  Several  other  stars,  suck  as  a  Geminorum  or  Castor,  y  Vif' 
gints,  &c.,  were  also  found  to  be  double,  about  tlie  beginning  of  th«  seresh 
teenth  century.  The  star  0  Orioniii,  in  the  middle  of  the  gre^t  neb«li» 
disoAvered  by  Huyghens  in  lG5ti,  even  presented  xhc  ap(>oarajice  of  thnt 
distinct  stars  in  close  proximity  to  each  other. 

Occasional  discoveries  of  double  stars  ooutinued  to  Ite  mads  timxighoal 
the  eighteenth  century  ;  but  these  objects  cannot  be  said  ttt  hMm  axocUd 

*  Along.  Nov.,  turn.  U  part  i.,  f».  422. 

f  "  Attempt  to  prove  ili«  Motion  of  tbe  Eiitfa»"  p,  7  (ld74)u 


graerol  interest  among  astronomers  until  Sir  William  Herachel  directed 
BttiLution  to  tbem.  lu.  tho  yeat'  17 "9,  tliat  jlluiitrious  astrononier 
iniidertook  an  extensive  examination  of  the  hcavcu!^  witk  a  view  to  the 
discov^iy  of  double  siara,  hoping  that  he  might  be  enabled  in  some  in- 
stances to  establish  an  anouaf  chatige  in  the  relative  positions  of  the  tu'o 
Qompooent  membei^,  which  might  indicate  tlie  existence  of  a  sensible 
[»raUax.  In  1782  he  eihiltited  ihe  first  fruits  of  his  labours  bj-  couuiiu- 
oicating  to  the  Royal  Society  a  pa|>er  containing  the  places  of  200  double 
BtAcs,  togetlier  with  the  disltmces  of  the  component  members,  and  aleM> 
tfai»r  Angles  of  position  con'esponding  to  a  given  epoch.  Of  the  stars. 
oottlained  in  this  catalogue  there  were  '2U7  which  had  not  hitherto  beeu 
Dfieognized  as  doublo  by  auy  observer  ^.  In  1785  Herschel  commU' 
nicated  to  the  Royal  Society  a  second  c^talogua  of  double  stars,  contaluin^ 
434  more  of  euch  interesting  objects  |, 

MlcheLl  appears  to  have  been  the  first  person  nvho  suggested  that  the 
dose  proximity  of  the  constituent  members  of  double  stars  vm  owing 
to  some  physical  connexion  existing  between  them.  In  a  reroarkuble 
paper,  which  he  oommuuicaled  to  the  Royal  Society,  he  presented  tbia 
riew  of  the  subject,  ill  a  very  strong  light,  by  an  application  of  the  doc- 
trine of  probabihties  to  the  theorj'  of  the  distribution  of  the  stars  in  tlie 
celestial  sphere  J.  In  a  sulsequent  communication,  "ivhich  appears  in  the 
PhUoiophical  TriutMaetioiii  for  1784,  he  expressed  hia  firm  couviction  that 
the  double  and  triple  star^  discovered  by  lierscbel  were  so  mtiuy  sytitems 
^  stars,  so  near  to  each  other  as  to  be  liable  to  he  afleLted  by  their 

utiuij  gravitatiun  ;  and  he  couiiiderod  it  as  not  unlikely  that  tlie  y»eriuds 
of  the  revolutiQus  of  some  of  these  about  their  principals  might  some 
tiMe  or  other  l>e  discovered  §■ 

If  double  stjira  formed  in  reality  iudependeat  systems,  maintained 
under  the  intiueuce  of  the  principle  of  gravitation,  it  would  follow  as  a 
necessary  consequence,  that  the  constituent  members  of  each  system 
would  be  subject  to  a  constant  cliange  of  relative  position  from  their  revo- 
lution round  their  common  centre  of  grasity.  It  is  worthy  of  remark, 
however,  that  there  is  another  fact  connected  with  double  stars  whicii^ 
when  established  by  observation,  ailbrda  equally  unequivocal  evidence  of 
the  physical  connexion  of  the  constituent  members,  if  among  those 
double  starts  which  have  a  sensible  proper  motion,  it  be  found  in  auy 
instance  that  both  stars  are  transjjorted  with  the  same  apparent  ve- 
locity, we  have  just  grounds  for  believing  tlmt  a  physical  relation  exi:4t9 
between  them.  Such  a  fact  had  beeu  noticed  towards  the  close  of  the 
eighteenth  century,  but.  strange  to  say*  the  astronomer  who  directed  at- 
tesQtion  to  it,  did  not  perceive  the  legitimate  conclui^iou  which  was  deducihle 
from  it.     The  bright  star  Castor,  besides  being  double,  is,  moreover,  re- 

arkaUe  for  a  sensible  proper  motion,  which  amounts  to  about  O'Mi  of 
e  every  year.  Now,  Dr,  Homsby  remarked,  in  the  year  17W6^,  that 
notwithstanding  the  large  proper  motion  of  this  star,  the  mutual  distance 
of  tha  two  constituent  members  did  uot  seem  to  have  undeigone  auy 
change  during  a  perioil  of  twenty  years  embraced  by  hia  observations. 
The  only  ooncluaion  which  be  drew  from  this  remarkable  fact  was,  that 
both  atars  were  moving  with  the  some  velocity  and  in  the  same  direction  |{. 

Phil.  Trans.,  1782,  p.  112.  el  seq.  f  Ibid.,  1783,  p.  40.  et  leq. 

Ibid.,  1767,  p.  234,  el  *eq.  §   Ibid..  1784,  n.  36,  ctaeq. 

•'Bradlej'i  Obscrvalioni."  vol  I,  Prefiice,  p.  Siiii.,  Olfom,  1798. 
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The  glory  of  establishing  the  physical  theory  of  Double  Stars  upon 
the  solid,  basis  of  obi^ervation  and  sound  reasoning  was  resenred  for  Sit 
William  Herschel.  The  results  of  his  researches  on  this  occasion  ue 
cotitained  in  two  papers  fiommuuicated  by  him  to  the  Royal  Societ^^ 
which  are  inserted  in  the  Philosophkal  Transactions  of  that  body  for 
years  1803  and  1804*.  By  a  comparison  of  his  earlier  obaervatioi 
a  great  number  of  double  stare,  with  corresponding  observations 
after  an  interval  of  about  twenty  years  had  elapsed,  he  found  tl 
many  iustances  the  relative  positions  of  the  constituent  bodies 
undergone  a  sensible  change.  He  demonstrated  by  incontrovertible : 
aoning,  that  all  those  double  stars,  which  afforded  evidence  of  soch  t 
change  of  relative  position  in  the  constituent  members,  formed  so  many 
independent  systems  of  bodies  revolving  under  the  influence  of  their 
mutual  attraction  around  their  common  centre  of  gravity.  He  even  car- 
ried bis  researches  so  far  as  to  assign  the  periods  of  reTolntion  of  sereid. 
of  these  Binary  Systems.  Thus  to  Castor  be  assigned  a  period  of  <^i2 
years,  to  ^  Serpentis,  a  period  of  375  years,  and  to  y  Leonis,  a  period 
of  1^00  years.  These  numbers  'were  of  course  aastgned  merely  as  roo^ 
approximations  to  the  true  periods  of  revolution. 

The  last  contribution  of  Sir  William  Herechel,  on  the  subject  of 
Double  Stars,  was  a  paper  wMeh  he  communicated  to  the  Astroctonucal 
Society  upon  the  occasion  of  its  establishment  in  the  year  183U.  It  con- 
tains the  places  of  115  double  stars,  with  their  distances  and  angles  of 
position  at  certain  epochs.  The  observations  which  form  the  groandwork 
of  this  catalogue  appear  to  have  been  all  anterior  to  the  year  1602. 

In  18^^4  fresh  iuterest  was  awakened  in  the  subject  of  Double  Stftn  by 
the  communication  of  a  paper  to  the  Royal  Society  on  the  part  of  Sir 
John  Ilerschel  and  Sir  James  South,  containing  the  results  of  their  joiat 
labours  in  this  field  of  enquiry.  This  paper  contained  micrometHc«l 
measures  of  380  double  and  triple  stars,  carefully  observed  with  a  7-fiet 
equatorial.  A  comparison  of  these  measures  with  the  earUer 
vations  of  Sir  William  Herschel,  afforded  in  many  instances  an  iot 
ing  conhrmation  of  the  result  arrived  at  by  that  astronomer  reladi 
the  physical  connexion  of  the  constituent  member?  of  double  stars, 
of  the  objects  composing  the  double  star,  n  Corona,  had  acoomp1isii< 
complete  circuit  round  its  primary,  and  wbs  already  well  advmioed  in  ft 
second  revolution.  The  star  t  Serpontorii,  which  Sir  William  HenciM] 
in  his  first  catalogue  communicated  to  the  lioyal  Society  had  stated  to  be 
double,  no  longer  exhibited  the  shghtest  trace  of  duplici^ — one  of  tlM 
constituent  stars  having  been  now  exactly  projected  upon  the  oth<tr  ia 
virtue  of  its  relative  motion.  On  the  other  hand,  f  Ononis,  whifli  Qit 
William  Herschel  had  marked  as  a  single  star,  was  now  I'soognisod  to  ht 
double  even  in  telescopes  of  moderate  |iower|. 

In  1830  Sir  James  South  communicated  to  the  l^ytl  Society  ft  pepff 
contaiuing  niicrometrical  measures  of  458  double  stars  executed  solelj 
by  hiraseir  The  results  of  Sir  John  Herschel  s  subsequent  labours  in 
the  same  field,  exclusive  of  his  more  recent  observations  in  the  soathen 
hemisphere,  are  contained  in  a  series  of  papers  commutucatdd  by  him  al 
different  times  tu  the  Astronouucal  Society.  The  stars  Vfhoee  dnpU^ 
was  recognised  by  him  on  this  occasion,  amount  in  number  to  3347,  bllBf 


-  Phil.  Trans.,  1803,  p.  330,  ct  icq.  ^  1804,  p.  aSS.  «t  teq. 
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soch  as  he  happened  to  meet  with,  while  engaged  in  an  extensive  survey 
of  the  nebular  contents  of  the  heavens  with  a  20-feet  reflector.  The 
original  observations  were  transmitted  to  the  Society  in  six  successive 
catalogues ;  but  as  they  were  considered  by  their  author  to  be  subordinate 
to  the  main  object  of  his  labours^  they  did  not  possess  any  pretension  to 
extreme  accuracy.  He,  however,  communicated  to  the  Society  two  papers 
containing  micrometrical  measures  of  a  considerable  number  of  double 
stars,  carefully  determined  with  a  7-feet  equatorial  *. 

No  astronomer  of  the  present  day  has  contributed  in  so  high  a  degree 
to  the  advancement  of  the  subject  of  Double  Stars  as  the  illustrious  M. 
Struve.  His  labours  in  this  interesting  field  of  astronomical  enquiry 
were  commenced  in  the  year  1813,  upon  his  being  appointed  Director  of 
the  Observatory  of  Dorpat.  He  continued  to  prosecute  them  with  more  or 
less  assiduity  till  the  year  1824 1,  when,  having  obtained  possession  of  a 
magnificent  refractor  of  9.9  inches  aperture,  executed  by  Fraunhofer,  he 
conceived  the  design  of  examining  with  it  all  the  stars  down  to  the 
eighth  magnitude,  situate  between  the  north  pole  and  15°  of  south  decli- 
nation. This  design  was  followed  up  by  him  with  admirable  perseverance 
daring  many  years  t-  In  1837,  he  finally  published  the  results  of  his 
labours  in  a  large  folio  volume  §.  It  contains  micrometrical  measures  of 
the  distances  and  angles  of  position  as  well  as  the  approximate  places  of 
8113  double  stars,  as  determined  between  the  years  1824  and  1836, 
besides  the  results  of  his  earlier  labours  on  the  same  subject,  extending 
from  1813  to  1824. 

While  M.  Struve  was  engaged  in  his  extensive  niicrometric  measure- 
ments of  double  stars,  an  important  advance  was  made  in  the  theory  of 
the  movements  of  bodies  of  this  class.  The  growing  evidence  of  a 
physical  connexion  between  the  constituent  members  of  double  stars, 
which  was  afforded  in  many  instances  by  a  comparison  of  the  more  recent 
with  the  earlier  observations  of  astronomera,  suggested  the  possibility  of 
deducing  from  observation  the  elements  of  the  elliptic  orbit,  in  which  it 
was  presumed  that  the  one  star  revolved  around  the  other.  Kesearches 
undertaken  with  a  view  to  effect  this  object  were  attended  with  complete 
success.  To  M.  Savary  is  due  the  honour  of  having  first  demonstrated 
that  the  elements  of  the  orbit  of  a  double  star  might  be  derived  from  a 
determinate  number  of  the  observed  distances  and  angles  of  position  of 
the  star.  In  the  Connaisaance  des  Temps  for  1 830,  he  has  explained  a 
method  invented  by  him  for  the  attainment  of  this  end,  and  has  exhibited 
a  proof  of  its  practical  utility  by  employing  it  in  calculating  the  elements 
of  the  orbit  of  the  double  star  |  Ursae  Slajoris.  M.  Encke  shortly  after- 
wards assigned  a  method  of  his  own,  by  means  of  which  he  computed  the 

*  Mem.  Alt.  Soc.,  vols,  v.,  viii. 

f  -  In  1822,  he  published  a  catalogue  of  795  double  stars  which  bod  passed  under  his 
ezsmination  since  the  commencement  of  bis  labours  at  Dorpat. 

I  In  1827,  he  published  a  catalogue  of  about  9000  double  stars,  which  he  detected 
during  the  first  two  years  of  his  labours,  with  the  great  refractor.  In  the  course 
of  his  survey  on  that  occasion  he  examined  no  fewer  than  120,000  stars  I  The  objects 
of  this  catalogue  were  chiefly  those  of  which  he  published  the  micrometric  measures  in 
1837. 

5  "  Stellarum  Duplicium,  &c.,  Mensuree  Micrometricee  per  magnum  Fraunhoferi 
tubum,  1824-37,  specul&  Dorpatensi  institute;  adjccta.  Synopsis  Observationum  de 
Stellis  Compositis,  1814-24,  per  minora  instrumenta,"  folio,  Petrop,  1837.  In  1845,  M. 
Strure  published  a  catalogue  of  514  double  and  multiple  stars  discovered  at  Pulkowa 
with  the  great  refractor  of  14.9  inches  aperture. 
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elements  of  tJie  orbit  of  the  double  star  TO  Ophiuclii^  A  LhirtI  method, 
totally  different  from  either  of  the  two  Qtbers  just  meiitioaed,  ^tras  to* 
vented  about  the  same  time  by  Sir  John  Herschel  *. 

The  elements  of  acousiderablo  number  of  double  stars  hare  been  cal- 
culated hy  ooe  or  other  of  the  methods  aboire  referred  to.  &ud  ftn  ellipuc 
orbit  has  thus,  in  each  instance,  been  deduced,  in  the  focug  of  which  tte 
primary  star  is  supposed  to  be  situate.  Tbe  place  of  the  rerolving  stir 
has  theu  been  computed  in  a  great  many  different  positioDs  of  ita  orM^ 
upon  the  supposition  that  the  motion  is  regulated  by  a  foree  tending  cob 
Btacitly  to  the  focus,  and  the  results  have  been  compared  with  th»  cor- 
responding places  assigned  by  observation.  The  obaerved  and  compoted 
filaces  of  tlie  slar  have  thus  been  found  iu  general  to  agree  witbio  llw 
imits  assigned  by  the  probable  errors  of  observation.^  We  are  tbeivfort 
ifarranted  iu  concluding  that  the  principle  of  gravitation,  as  aiinoiRiaai 
by  Newton,  extends  to  systems  of  bodies  placed  dt  an  almost  inaonoeiTubh 
distance  from  the  earth,  and  that  by  ita  coo  trolling  agency  those  sy«ieitM 
are  perpetually  upheld.  This  mny  be  justly  asserted  to  bo  «me  of  the 
most  sublime  truths  which  Astronomical  Science  baa  hitherto  ^scloted  Ut 
the  researches  of  the  human  mind. 

No  mention  has  hitherto  been  made  of  observations  of  double  sian  in 
the  southern  hemisphere.  A  considerable  stock  of  such  obserrattocia  h»», 
however,  been  already  ainaased.  In  18*^8,  Mr.  Dunlop  eommuniai^  to 
the  Astronomical  Society  a  catalogue  of  S59  double  Btars  obse; 
liim  at  Paramatta,  in  New  South  Wales.  When  Sir  John  H^Tsefae] 
engaged  at  tho  Cape  of  Good  Hope,  in  examining  the  nebuUe  of 
Boutheru  hemisphere  with  hia  30 -feet  reflector,  he  did  not  fail  u> 
observations  of  such  double  aturs  as  he  bap[>ened  to  meet  inth.  Hw 
number  of  such  objects  which  he  thus  dete>'ted  in  ihfl  €^aew  of  ImI 
sweeps  amounted  to  'JO05.  Accurate  micrometrical  measarss 
made  by  him  with  bis  7-feet  equaloriaU 

W^ith  respect  to  those  stara  which  have  been  diseorersd  hr  aai., 
to  be  double,  maiiy  aro  doubtless  merely  optically  «o,  mat  m\ 
proximity  arising  from  the  circumstauoe  of  their  being  siitiat«  nearly  in 
the  same  line  of  vision.  It  is  only  in  those  caaes  wbcreiu  a  change  in 
the  relative  position  of  the  two  stars  haa  been  established  by  a 
of  observations  made  at  different  times,  that  we  are  enabled  defittil 
to  infer  the  extateuee  of  a  pliysical  connexion.  It  is  to  be  rei 
however,  that  the  lajBO  of  time  is  constantly  unfolding  snijoati 
such  changes,  and  is  thereby  leading  to  a  continiul  incrtaae  vf  ^ 
number  of  stars  recognised  as  physical  1y  double.  Stellar  ohjetrta  of  Unl 
claaa  have  been  distinguished  from  btars  that  are  merely  optically  dvoll* 
by  the  appellation  of  Bhtanj  StfsUms. 

The  subject  of  Double  Stari  has  engaged  tlie  attention  of  tt^r^nl  uttt- 
nomera  of  recent  times,  besides  those  to  whose  laboors  olln--  :i»t 

b«en  m«do.     In  this*  country,  explain  Smyth,  R.N.,  urn!   ;  .\fr. 

Dftwe^,  have  especially  distinguisthod  themBblvea  by  Un.',  ,i,  uU«r* 

vatimw  coMuected  with  ihis  depafiment  of  sidereal    n  r.     Tb» 

Bedford  Catalogue.  cJEccuird  by  Capt.  Smyth,  aud  maenuU  in  tVI.  li.  d 
bis  "  Cycle  of  CelestiuJ  Objects,"  oulaina  tho  result*  of  oUenatimarf 
th»  moat  iiitercsliiig  double  jind  multiple  atare,  of  uhich  the  primnria* 
u^  in  Piassd's  oataioguo.     It  comprises  tiiO  doallo  starx     ><>  > 'rmiy 

*  Uem,  Alt.  8oe,t  nh  t. 


and  80  triple  and  multiple  ttars*.  The  micrometric  toefkaurea 
objects  were  executed  by  Capt.  Smjtli,  at  a  private  observatoiy 
which  he  erect&d  at  Bedford.  This  ia  one  of  several  instancea  io  ivhich 
we  have  had  occasion  to  allude  to  the  kbours  of  officers  in  the  na\-al  and 
toiliiaiy  serfice  of  this  couotry.  who  hare  adorned  their  profesiiiioii  by  an 
entitttsiaatic  devotion  to  scientific  pur&tiits.  The  res^ults  of  Mr.  Dawea' 
micro&idtric  measurements  of  double  stars  are  contained  in  several  import* 
•at  papers  eommuiucated  hj  him  on  various  occasions  to  the  Astronomical 
Society,  and  subsequently  inserted  in  the  "  Memoirs  "  of  that  body. 

Among  the  astrouomers  of  the  Coiitiuent  who,  besides  the  elder  Struve, 
hate  occupied  themselves  with  observations  of  double  stars,  the  illuatriouB 
Bswei  is  entitled  to  the  first  place.  In  the  preaent  day»  M.  Madler  has 
■oqaired  just  distinction  by  bis  labours  in  this  interesting  branch  of  astro- 
iic>my.  The  theory  of  the  Bubject  has  recently  received  aoine  important 
elttci4auoii3  frotn  the  researches  of  M.  Yvon  Villarceau,  of  Paris. 

We  DOW  proceed  to  notice  brietly  the  history  of  the  Nebulffl  of  the 
o^laatial  regions.  Ptolemy  has  inseried  five  3tar3  in  his  catalogue,  which, 
on  account  of  their  hazy  aspect,  he  distinguiMhed  by  the  appellation  of 
Clmid^  Start,  When  tliese  objects  were  examined  with  the  telescope,  they 
were  found,  in  ^ch  instance,  to  consist  of  a  cluster  of  stars  situate  ao 
nnt  to  each  other,  that  they  failed  to  produce  an  impression  of  their  dis- 
tioct  axietence  upon  ihe  naked  eye.  In  the  year  1012,  however,  Simon 
llcrius.  the  German  astronomer,  discovered  a  nebulous  object,  'n'bich 
ed  to  he  of  a  totally  different  nature  from  any  of  those  hitherto 
vered.  To  the.  naked  eye,  indeed,  it  presented  a  dnU  nebnloui 
U  like  the  other  objecta  of  the  s&me  class  ;  but  when  examined  with 

0  telescope,  it  did  not  exhibit  any  indications  of  a  sidereal  structure. 
There  were  merely  vtBible  some  faint  rays  of  light,  increasing  in  bright- 
towar^La  the  centre.  The  nucleus  consisted  of  a  dim  light,  fading 
BwajT  iusensibly  on  all  sides.  Marina  compared  its  appearance  to  that 
pnsented  by  the  ilame  of  a  candle  shining  at  night  through  a  transparent 
homf.  In  165G,  lluyghens  discovered  another  nebula  of  this  class  in 
the  middle  of  the  sword  of  Orion.  It  struck  its  distiaguished  discoverer 
with  anuusemeut,  as  something  totally  dilferent  in  its  nature  from  those 
tidtraal  aggregations  of  which  nebulous  objects  had  hitherto  been  found 
Id  ooDsiat  The  aspect  of  the  heavens  around  this  nebulous  light  was 
mtensely  black,  a  circumstance  which  suggested  to  liuyghens  the  idea  of 
tb«  phenomenon  being  occasioned  by  looking  through  an  aperture  in  tha 
hdavens  into  a  luminous  region  beyond^. 

In  the  year  1714,  Halley  communicated  a  short  paper  to  the  Royal 
Society,  ui  which  he  gave  an  account  of  the  various  nebulfe  with  which  he 
was  arqiiaiuted  as  Imviug  been  hitherto  recognised  by  astronomers!-  In 
number  they  amounted  only  to  six.  Two  of  these  were  the  nebulro  above 
mentioned.  Another  was  situate  between  the  head  and  bow  of  Sagit- 
tarius; according  to  Hniley  it  was  discovered  by  Abraham  Ihle  in  1065. 

'  The  Bodford  Caialo(^tu>  abo  comprises  motiogrsvplis  of  170  nebuJm  »ticl  ctuitcn, 
n^tidn  Cspt  Smyth  had  lelected  Tar  obKrvntian  from  Mcuf^r'n  Catalogue,  and  from  the 
Men  of  ibe  two  Henchclj.  The  ••  Cycle  of  CeleMinl  Objects  "  wsi  published  in  two 
vouunca  in  1644,  ajid  u  juxilf  ote^oied  to  be  ooe  of  the  nio>t  instmctiTe  and  deligtiLfu! 
works  on  utronomy  in  our  lauguage. 

+  Simon  Mmua  has  gEren  an  account  of  his  discovery  of  thif  nebula  io  the  preface  to 
h\»  "  MuxidtM  Jovialis,"  publmhed  in  1612, 

Z  0(>era  Varto,  torn.  ii.,  p.  540 ( Sifttema  SatitmimnY 

f  Pha  Ttnat,,  1714,  p.  39U,  ct  «*]. 
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A  fourth  was  in  the  conatelktiou  Centaunis,  and  was  marked  hy  Bajer 
mth  th«  Greek  letter  v ;  it  was  discovered  b^  Hullej  at  St.  Ueletm,  in 
1G77,  while  engngod  in  observing  the  stars  of  the  southern  bemisjibdm. 
A  fifth  preceded  the  right  foot  of  Antinous  ;  it  was  discovered  by 
in  1681.  The  sklh  was  discovered  by  Halley  in  1714  ;  it  was  sit 
the  right  line  joining  the  stars  n  and  (  of  the  constellaUon  Hercal 
HuHey  was  of  opinion  that  tUe  light  of  these  objects  caw©  froBH  ftu 
extmordinary  difjtanee.  He  supposed  it  to  be  occasioned  by  a  locid 
medium  diffused  throughout  the  ether,  and  shiniug  with  its  own  proper 
lustre. 

If  Halley  had  con9ulted  the  obserratious  of  Hevelias,  he  would  iiiTt 
been  enabled  to  assign  a  more  ample  list  of  iiebulse  than  that  conttin^ 
in  his  paper  to  the  Boyal  Society.  In  the  Philosophicaf  TranBactiom  for 
ITdS,  Perbam  haa  enumerated  sixteen  nebulae,  iu  addiiion  to  tbose  con- 
tained in  Halley  8  paper,  %vhich  he  extracted  from  the  observAUons  of  ihe 
mitronomer  juat  cited. 

An  important  contributinn  to  tlie  existing  stock  of  nebu]R)i  was  ma^o 
by  Lttcaille.  In  1755,  ihat  distiugnished  astranoraer  communicated  to 
the  Academy  of  Sciences  a  catalogue  of  43  uebulm  in  the  8outI»<'ni 
hemisphere,  observed  by  him  during  his  resi(ieni;e  at  the  Cape  of  Good 
Hope*.  They  were  divided  by  hi  in  into  three  disliuct  chisses, 
which  contained  an  eqiinl  number  of  objects.     The  first  class  ^^ 

all  those  nebulEO  which  failed  to  afford  any  indications  of  a  sidereal  sinS^ 
ture.  Tbey  were  sasimilated  by  LacailSe  to  small  patches  of  the  Milkr 
Way.  Tlie  objects  of  the  second  class  were  nebulous  only  in  appe^nmce, 
conaisting  ia  reality  of  so  many  congeries  of  stars,  whose  close  prnximitT 
rendered  them  iniividuBlly  imperceptible  to  the  nuked  eye.  The  objects 
of  the  third  class  were  stars  surrounded  by  a  nebuloua  substance.  He  sop- 
posed  that  the  latter  were  identical  in  structure  with  the  nebuli^  of  theftnt 
class,  and  that  the  appearance  of  stars  in  the  midst  of  them  was  mefd/ 
accidental,  arising  in  each  case  from  the  circumstance  of  tho  nefaolft  ial 
the  star  being  both  projected  on  the  same  region  of  the  ht^avens. 

Messier  was  the  next  astronomer  who  by  his  observations  contributaf 
to  the  enlargement  of  the  number  of  recognised  nebultc.  His  Grslool* 
lection  of  these  objects  was  published  in  the  Mitmoirt  of  the  Actid4m$  ^ 
Seieiicei  for  177 1.  Tliis  list  contained  45  nebulio  and  closterv  of  tttft. 
It  was  subsequently  inserted,  with  successive  ndditiooa,  in  IJie  rolooei 
of  the  Connaiisance  des  Temps  for  1788  and  1764,  tho  number  of  oi^eett 
in  tlio  last  instance  amouniing  to  103.  Messier  did  not  proDouDt«  aj 
opinion  respecting  the  nature  or  physical  constitution  of  the  tubnb. 
but,  with  the  view  of  arriving  at  some  conclusion  on  tliis  sabjeet,  ht 
recommended  to  future  asti'ouomei's  to  make  carefn'  r ioot  of  cliisit 

in  order  to  ascertain  whether  they  e.%hibited  anv  i  -tn  of  Kcbus* 

of  form  or  structure. 

It  appears  from  the  foregoing  brief  notice  of  the  nehtiln  ducortiid  *f 
astronomers  previous  to  tlie  time  of  Sir  William  Herschel,  that  ll^ 
number  did  not  altogether  amount  to  one  hundred  and  fifiv.  Tn  n8*,l« 
received  a  notable  atcession  from  the  labours  of  that  d  .>'d  «■*• 

nomer,  who  communicated  to  the  Royal  Society  a  cataL.^  ,.   , ,   UMSd  n* 
nebula  and  clusters  of  stars f.     In  1780,  he  commuuicatoJ  to  th«  fBSM 

*  Mini.  Aoad.  dvs  Scicnt^A.  17^*^,  |).  194,  etirc. 
t  Phil.  TraiM.,  I7m>  p.  457,  et  «<), 
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Socaetja  second  catalogue,  containing  1000  additional  nebulae  >>=  and 
-cliuteTS,  and  in  1802,  a  third  catalogue,  which  included  500  more  of 
similar  objectsf.  The  nebulae  and  clusters  in  each  of  these  catalogues 
were  dtstributed  by  Herschel  into  eight  different  classes ;  but  this  mode 
of  arrangement  had  reference  to  the  convenience  of  the  astronomer  who 
might  be  desirous  of  re-examining  the  objects,  rather  than  to  any  pecu- 
liarities of  physical  structure.  In  the  paper  containing  his  third  cuta- 
logoe,  he  has  enumerated  the  various  objects  of  which  he  considered  the 
fabric  of  the  material  universe  to  be  composed.  They  are  distributed  by 
bim  into  twelve  different  classes.  A  brief  notice  of  each  of  these  in 
succession  may  serve  to  acquaint  the  reader,  in  some  degree,  with  the 
ideas  entertained  by  Herschel  on  the  construction  of  the  material  uui- 
Terse. 

I.  Insulated  Stars. — Under  this  class,  Herschel  comprehended  all  those 
stars  which  do  not  afford  any  indication  of  being  resolvable  into  two  or 
more  constituent  objects.  Among  the  stai-s  of  this  class  are  included 
Arcturos,  Capella,  Sirius,  Canopus,  and  the  Sun.  He  supposed  each  of 
these  stars  to  be  sufficiently  insulated  in  space,  not  to  be  sensibly  affected 
by  the  attraction  of  the  other  bodies  of  the  universe.  They  appeared  to 
him,  on  this  account,  to  be  peculiarly  adapted  for  constituting  the  centres 
of  planetary  systems.  He  was,  in  fact,  inclined  to  suspect  that  the  stars 
which  appear  in  clusters,  are  unattended  by  revolving  bodies;  but  that 
each  star  forms  a  magnificent  world  by  itself,  fulfilling  all  the  purposes 
of  a  planetaiy  body;};. 

II.  Binary  Stars. — lliese  are  systems  composed  in  each  case  of  two 
stars  revolving  around  their  common  centre  of  gravity. 

III.  Triple  and  Multiple  Stars. — These  are  systems  of  a  more  com- 
plicated structure  than  those  just  mentioned  ;  but  like  them  are  resolvable 
into  a  determinate  number  of  constituent  bodies. 

IV.  Clusteriog  Collections  and  the  Milky  Way. — Herschel  was  of 
opinion  that  in  many  instances  the  stars  by  their  mutual  attraction 
are  gradually  forming  into  clusters.  The  Milky  Way,  in  many  parts, 
app^red  to  him  to  afford  unequivocal  indications  of  such  a  clustering  ten- 
dency. We  shall  presently  have  occasion  to  allude  to  his  remarkable 
speculations  on  the  structure  of  the  Milky  Way. 

Y.  Groups  of  Stars. — Under  this  class,  Herschel  comprehended  all 
those  collections  of  stars  which  do  not  exhibit  any  regularity  of  outline, 
nor  superior  condensation  in  any  particular  part :  at  the  same  time  they 
appear  sufficiently  insulated  from  the  stars  around  them,  to  justify  the 
conclusion  that  they  formed  so  many  separate  systems  §. 

VI.  Clusters  of  Stars. — These  were  justly  considered  by  Herschel  to 
be  the  most  magnificent  objects  of  the  heavens  ||.    They  are  round  in 

•  Wiil.  Trans.,  17P9,  p.  212,  et  teq.  t  Ibid.,  1802,  p.  477,  ct  seq. 

X  Ibid,  1795,  p.  69. 

§  One  of  the  most  interesting  objects  of  this  class  is  the  group  in  the  southern 
heini«phere,  surrounding  the  star  »  Crucis.  Accordin$(  to  Sir  John  Herschel  it  occupies 
■n  area  of  about  l-48th  part  of  a  square  degree,  and  consists  of  about  110  stars,  from 
the  seventh  magnitude  downwards,  eight  of  the  more  conspicuous  of  which  are  coloured 
with  Tarioos  shades  of  red,  green,  and  blue,  so  as  to  give  to  the  whole  the  appearance  of 
•  rich  piece  of  jewellery.  {HaulU  qf  Ast.  Obs.,  kc,  pp.  17,  102;  Ouilinea  of  Astro- 
nomy,  p.  597. ) 

I  Sir  John  Herschel,  the  highest  living  authority  on  Nebuln,  states  that  by  far  the 
most  remarkable  object  of  this  class  in  the  heavens,  is  the  globular  cluster  m  Centauri 
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form,  and  are  gradually  more  condeneed  towarda  the  centrei  Tbaae  &eU 
clearly  point  out  the  ejLisieDca  of  an  attractive  force,  biodicg  die  con- 
etituent  bodies  together,  so  as  to  form  an  independent  systeto*. 

VII.  NebuJoe,— These  ^ere  suspected  by  Herschd  io  bo  so  tOMoj  od- 
lections  of  stars,  reducible  to  owe  or  other  of  the  three  classes  last  mtm- 
tiotied,  the  nebulous  aspect  assumed  bj  tbem  beiug  merely  an  illiudoii, 
arisiug  from  the  impossibility  of  diacerniug  the  stars  indmdu&lly,  in  con- 
fiequenGe  of  tha  immense  distance  at  which  they  are  placed,  Uerscfaol 
calculated  that  the  light  from  one  of  the  faint  nebulre  seen  in  bis  40<f(Kt 
telescope,  must  have  occupied  about  two  millions  of  years  in  iti  paaeage 
to  the  earth,  although  traversing  space  at  the  rate  of  i  92.000  milea  in  a 
second !  Well  might  the  iilustrioits  astronomer  remark,  that  the  idt- 
scope  had  the  power  of  penetrating  into  time  a3  weH  na  iuto  space. 

VIII.  Stellar  Nebulae. — These  were  supposed  by  ilorschel  to  be  ia  all 
probability  clusters  of  stars  whose  light,  on  account  of  their  immeQ<»«  duh 
tance,  is  collected  so  closely  into  one  point,  that  the  only  evid^tes  reiMin' 
ing  of  tbeir  resolvablllLy  into  discrete  bodies,  oomi^ts  in  tbe  «p|Mnaei 
of  burs. 

IX.  Milky  Nebulosity .^ — According  to  Herschel.  the  phenomena  of  thit 
olasB  were  of  two  distinct  kinds.  One  of  these  was  nebulous  only  in 
appearance,  coosistiug  in  reality  of  so  many  systems  of  clustering  oollao" 
tions  of  stars  contiguous  to  each  other,  like  the  aeries  of  clust«nug  col- 
tectioBS  of  which  he  had  found  the  Milky  Way  to  be  composeid.  The 
other  species  of  objects  consisted  of  those  whose  structure  wraa  punlj* 
nebulous.  One  of  the  most  remarkable  of  such  objects  waa  i)ie  gnat 
nebula  of  Orion,  ^vhieh  Huyghens  had  discovered  in  1656.  Fr«m  a  ckii» 
parison  of  his  earlier  with  his  more  recent  ohfiervationa  of  tbiJi  neKola, 
Herschel  concluded  that  during  the  intermediate  period  it  had  undar^oiw 
a  sensible  change  of  aspect,  a  circumstance  which  appeared  to  bitH  etettif 
to  indicate  that  its  structure  was  not  sidereal. 

X»  Nebulous  Stars. — These  are  stars  surrotinded  by  a  pale  naboloa 
atmosphere.  Herschel  liad,  in  n  former  comtnuni cation  to  tbe  Ba«il 
Society,  directed  the  attention  of  astronomers  to  these  remarkable  arlQeeiit.r 
The  Stat,  in  each  case,  appeared  to  be  situate  exactly  in  the  ctntrt  of  tli* 
nebulo«iity,  whence  it  was  evident  that  they  were  connected  togitlMr  fcr 
some  physical  relation.  The  question  with  respect  to  the  real  BaS&r*  « 
these  objects,  was  supposed  by  Herschel  to  be  inTolved  in  great  ob«csritr. 

itt  llie  »outtif:ni  hemicphcre.  To  the  nnked  eye  it  nppetn  like  ■  dim  rqoHte  ol^teC  a^Ml 
in  briglitiiE^»  to  a  itar  of  between  the  fouith  kftd  A^K  mafnitlude*,      Vwiv«i  la  «  ^nmttU 

tclctcopp  it  Te*«mbtc!  a  globe  of  fully  20  in  dianMfErr,  vrr 1  -"-  —  '^ttutg  la  ht^^ 

tirJa  to  the  centre,  and  mtnpnscd  of  innumorBlilc!  star*  nl  -i  flftMUlb  ■V' 

niludei.     (Rittuitt  of  AsK  Ob»,,  <tc.,   pp.  *2J,  KM  i  V  ttamf,  ^  M) 

Thii  »  lb«  object  ulu (led  to  in  iba  leat,  a^  havint;  been  diwoTi-ird  Ijv  H«II<rT  in  ICTT. 
tnidef  tbo  imprctnon  of  its  beinf^  a  ntibuin,  Tha  gl'ibiilnr  cdxtrr  ririvir>vn  «  aa^  { 
HereuUs,  which  was  ^Iso  first  obwrred  by  Hdlk'y  nit  a  tii  I  «  ti«l 

magnificent  in  the  tiurlhern  heR)isph<Era.  Sir  William   i 
Mart  pr>nTBinecl  in  it  to  nmount  In  ni  many  u  14.0CK)!     ii  i  /m.    i  ^  ,m..,,  irnio,  j». 

•  If  the  star*  wi-pe  rcgularlv  di^tnbutL>di  in  ft  glohular  clu«tirr,  lbi«  rifvunHlai 
would  manlfertly  eauM3  rhe  cluster  to  Bpfwar  more  condcntrJ  l"»»i\k  tliaca 
ip^KK,  hoHL-rcr,  that  in  manj'  cincs  (1h>  eORdgnistiao  of  tbc  diiotrr  ii  greanr  riviAtf 
which  would  u'u*  from  «  uniform  distribution  of  tho  tltn,  Thw  obtiMM  iofaaaBBia 
that  the  clufidr  farmi  nn  independettt  sjateni,  the  cotittilueot  bodict  of  »hieh,  ua^  At 
induence  of  their  mutual  ittr«ctton.  hix'e  a.  tendeticy  lo  oongnttmla  towardt  iJm  c«aMb 

+  PbiL  Traiu.,  179i,  p.  71,  ct  teq.  *^^ 
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If  the  nebulosity  consisted  of  stars  so  remote  as  to  put  on  a  milky 
^peanuce,  it  necessarily  followed  that  the  central  body,  which  usually 
resembled  a  star  of  the  seventh  or  eighth  magnitude,  must  possess  enor> 
mous  dimensions.  If,  on  the  other  hand,  the  central  body  be  supposed 
not  to  exceed  the  ordinary  size  of  the  stars,  how  small,  argued  Herschel, 
most  be  the  remaining  stars  of  the  system,  and  how  inconceivably  great 
must  be  their  compression  to  produce  the  observed  nebulosity.  Instead 
of  adopting  either  of  these  hypotheses,  Herschel  was  inclined  to  believe 
that  the  phenomenon  arose  from  a  star  of  the  ordinary  magnitude  being 
involved  in  a  shining  iluid  of  a  nature  totally  unknown. 

XI.  Planetary  NebuloB. — These  are  nebulae  of  a  pale  uniform  aspect, 
and  of  a  perfectly  round  form.  Like  the  objects  of  the  preceding 
class,  they  appeared  to  Herschel  to  be  of  a  very  mysterious  nature.  If 
they  were  admitted  to  be  suns,  it  would  be  difficult  to  account  for  the 
fidntness  of  their  light.  On  the  other  hand,  the  supposition  of  their 
being  sidereal  aggregations  was  at  variance  with  their  uniform  structure. 

XII.  Planetary  Nebulas  with  Centres. — The  objects  of  this  class  were 
suspected  by  Herschel  to  form  the  connecting  link  between  nebulous 
•tars  and  planetary  nebulie.  This  view  of  their  nature  suggested  to  him 
a  conclusion  which  he  subsequently  developed  at  greater  length.  "  If," 
says  he,  "  we  might  suppose  that  a  gradual  condensation  of  the  nebu- 
losity about  a  nebulous  star  could  take  place,  this  would  be  one  of  them 
in  a  very  advanced  state  of  compression."  * 

In  the  year  1811,  Herschel  communicated  to  the  Royal  Society  a 
paper  in  which  he  gave  an  exposition  of  his  famous  hypothesis  of  the 
transformation  of  nebulas  into  stars  f.  Assuming  a  self-luminous  sub- 
stance of  a  highly-attenuated  nature  to  be  distributed  through  the 
celestial  regions,  he  endeavoured  to  show  that,  by  the  mutual  attraction 
of  its  constituent  parts,  it  would  have  a  tendency  to  form  itself  into 
distinct  aggregations  of  nebulous  matter,  which  in  each  case  would 
gmdoally  condense,  from  the  continued  action  of  the  attractive  forces, 
nntil  the  resulting  mass  finally  acquired  the  consistency  of  a  solid  body 
and  became  a  star.  In  those  instances  wherein  the  collection  of  nebulous 
matter  ?ras  very  extensive,  subordinate  centres  of  attraction  could  not  fail 
to  be  established,  around  which  the  adjacent  particles  would  arrange 
themselves,  and  thus  the  whole  mass  would  in  process  of  time  be  trans- 
formed into  a  determinate  number  of  discrete  bodies,  which  would  ulti- 
mately assume  the  condition  of  a  cluster  of  stars.  Herschel  pointed 
ont  various  circumstances  which  appeared  to  him  to  afford  just  grounds 
for  believing  that  such  a  nebulous  substance  existed  independently  in 
space.  He  maintained  that  the  phenomena  of  nebulous  stars,  and  the 
changes  observable  in  the  great  nebula  of  Orion,  could  not  be  satisfac- 
torily accounted  for  by  any  other  hypothesis.  Admitting,  then,  the 
existence  of  a  nebulous  substance,  he  concluded,  from  the  extensive  indi- 
cations of  milky  nebulosity  which  he  encountered  in  the  course  of  his 
observations,  that  it  was  distributed  in  great  abundance  throughout  the 
celestial  regions.  The  vast  collection  of  nebulee  which  he  had  observed, 
of  every  variety  of  structure,  and  in  every  stage  of  condensation,  wero 
employed  by  him  with  admirable  address  in  illustrating  the  modus  ope' 
randi  of  his  hypothesis.  The  planetary  nebulae,  whose  nature  had  for- 
merly appeared  to  him  to  be  totally  inexplicable,  were  now  reasonably 

*  PhiL  Trans.,  1802,  p.  502.  f  Ibid.,  181 1,  p.  269,  et  seq. 
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supposed  to  benebulaa  wliicli  had  finally  aasumed  tlie  consisteiKry  of 
body,  so  that  tiie  aspect  exiiiblted  by  them  in  the  telescope  thenccrforwarii 
necessarily  failed  to  aflford  any  indication  of  their  internal  structure. 

Notwithstandiug  the  ingenuity  of  illustration  and  incontestable  fore« 
of  reasonitig  by  which  Herschel  sought  to  establish  ihia  bold  Lypotl1esi9.it 
has  not  received  that  confirmation  from  the  labours  of  subsequent  enqnircrs 
which  is  eo  remarkable  in  the  case  of  many  of  the  other  speculations  of 
that  great  astronomer.  It  ia  now  generally  admitted,  that  th^  ch«ng«3 
which  at  one  tmie  were  supposed  to  be  taking  place  in  some  uebuls  were 
altogether  illusive,  having  been  suggested  partly  by  erroneous  ddi 
tions  of  the  objects  as  they  actually  appeared  in  the  telescope,  aud 
by  the  different  aspect  which  they  necessarily  assumed  when  viewed 
telescopes  possessing  dilTerent  deforces  of  optical  power.  Moreover,  ib« 
phenomena  denominated  Nebulous  Stars — which  seemed  to  Herschel  to  h9 
incapable  of  any  satisfactory  explanation,  except  by  adopting  the  hypothan 
of  a  self-luminous  fluid — ivhen  examined  with  the  powerful  telet»copcs  of 
Lord  Rosse,  have  been  found  to  exhibit  an  aspect  totally  different  from 
that  which  appeared  to  Herschel  so  enigmatical.  In  fact,  the  greater  the 
opticfll  power  of  the  telescope  with  which  the  heavens  are  8urveyed,  ihA 
more  strongly  do  the  results  tend  to  produce  the  impression  that  all  nel 
are  in  reality  vast  aggregRiions  of  stars,  which  assume  ft  nebutoua 
only  because  the  telescope  with  which  they  are  observed  in  each  in 
is  not  sufficiently  powerful  to  ressolve  ihem  into  their  constituent 
and  thereby  disclose  their  real  nature*. 

The  only  nebulre  visible  exclusively  in  the  southern  hemi«ipbere,  *iih 
which  astronomers  hitherto  were  acquainted,  were  those  discovered  by 
Halley  and  Lacaitle,  to  which  altuaion  bus  already  been  made.  In  182^ 
the  number  of  such  objects  was  considenibly  augmented  by  tlie  lata  Mr. 
Dunlop.  who  in  that  year  communicated  to  the  lioyal  Society  a  mtalogoa 
containing  0'20  nebulce  and  clusters  observed  by  him  at.  PanunMOa, 
in  New  South  Wales.  Frotn  the  small  optical  power  poaaesB^d  br  bi> 
telescope,  which  was  a  Newtonian  reflector  of  nine  inchaa  ajierttife,  uni 
doubtlessi  also,  in  some  degree  from  his  inexperience  in  auchobserral 
this  catalogue  by  no  meaus  afiarded  a  faithful  rtiprescntatiou  of  ihe  ol 
to  which  it  related. 

In  1833,  Sir  John  Herschel  communicated  to  the  Royal  Sociaty  a  pa|>cf 
containing  the  results  of  an  examination  of  the  nebulm  tn  tho  noitlMn 
hemisphere,  undertaken  in  the  year  1W35,  with  a  twenty-feet  rvAwtor, 
and  prosecuted  duiing  tho  course  of  the  following  eight  jeia%,  Thil 
catalogue  contained  *2306  nebidso  and  clusters.  Of  tlipsc  about  SHK)  veia 
new :  llio  remaining  objects  had  been  already  discoveifd  by  his  iatber. 
It  would  be  out  of  place  here  to  aiteutpt  to  give  a  detailed  aoeotuii  of 
thia  tuagntficent  production,  whioh  Is  destined  to  form  one  of  the  great 
land  marks  q(  sidereal  a*ttrouomy. 

In  1817,  tho  distinguished  asttx)nomer  just  referred  to,  publtvlicd  bi« 
"  Results  of  Astronomical  ObBervotiona  made  at  the  Cape  of  Gocwl  Hvp«(" 

•  ll  may  be  menlioni'd.  la  councxion  with  this  remark,  ihnl  Uw  (yreat  iwbuL  of  (>*• 
bu  finally  begun  to  exhibit  indications  uf  resolvnbilily,  upoa  beino;  obMtrvod  wMk  lb 
effect  Tcilcctur  of  I'Ord  Ro^c,  and  mlh  the  ponerfu!  refractor  of  CatnbiidlliVb  t?  & 
The  sarne  may  b*  iWid  rpspectiiiit  aii  eitn  mi  nation  of  the  nebut  '  ^  Imoaedi,  bjril* 
alii  of  the    tatter  tcti-scopc.       Ftir  mni;iitliL'(Mit   ddiaeBlioni  ^va  ltrWb^  ^ 

ob«en-eii  at  Cnmbridge.  by  Mr.  lIo»((,  Ibc  Director  of  Ibe  UL  ..  .  .  uui  Sb.  Gu  P. 
Bond,  liis  lODt  tee  Mm.  a/  ifu  Am€r.  Acad.  0/  Arit  and  JStmu**,  NflV  Mm 
vol.  Mi. 
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vfakb,  among  other  objects  of  importance,  contained  a  catalogue  of  1708 
nebuIsB  and  clasters  in  the  southern  hemisphere.  The  observations 
which  form  the  groundwork  of  this  catalogue  were  made  by  Sir  John 
Herschel  at  the  Gape  of  Good  Hope,  between  the  years  183d  and  1838, 
with  an  instrument  of  the  same  optical  power  as  that  employed  by  his 
illustrious  father  and  himself  in  their  respective  examinations  of  tho 
nebalflB  of  the  northern  hemisphere.  This  great  catalogue,  in  conjunction 
with  the  one  of  1883,  by  the  same  astronomer,  may  be  said  to  afford  an 
accurate  representation  of  all  the  nebulas  in  the  celestial  sphere,  which 
are  visible  in  a  reflecting  telescope  of  18  inches'  aperture.  From  tho 
nnriTalled  powers  of  description  by  which  the  author  of  these  catalogues 
is  distinguished,  the  monographs  which  they  contain  have  imparted  to 
them  an  interest  extending  far  beyond  the  mere  circle  of  strictly  scientific 
eoqnirers,  who  see  in  them  mainly  tho  solid  groundwork  of  ulterior 
researches  of  high  importance  in  stellar  astronomy. 

The  most  recent  contribution  to  the  subject  of  nebulse  has  been  fur- 
nished by  Lord  Eosse,  who  in  the  year  1U50  communicated  to  the  Royal 
Society  a  paper  containing  the  results  of  a  re-examination  of  several  of 
the  nebulae  comprised  in  Sir  John  HerscheVs  catalogue  of  1833*.  These 
observations  were  made  with  the  reflecting  telescope  of  three-feet  aper- 
ture, originally  executed  by  Lord  Rosse,  but  chiefly  with  the  more  power- 
ful instrument  of  six-feet  aperture  subsequently  constructed  by  him. 
New  phenomena  of  a  highly  interesting  nature  have  been  revealed  in  the 
course  of  these  observations.  Many  nebulte,  which  had  hitherto  resisted 
all  attempts  to  resolve  them  with  instruments  of  inferior  power,  were 
now  found  to  consist  wholly  of  stars.  Others  exhibited  peculiarities  of 
Btmcture  totally  unexpected.  Among  these  there  are  several  which  have 
been  found  to  exhibit  unequivocal  indications  of  a  spiral  arrangement. 
One  of  the  most  remarkable  objects  of  this  class  is  the  nebula  marked 
No.  61  in  Messier  8  catalogue.  This  nebula  has  a  smaller  one  in  its 
immediate  vicinity.  Messier  describes  the  two  objects  as  a  double 
nebula  without  stars.  The  powerful  telescopes  of  Sir  William  Herschel 
disclosed  the  existence  of  a  new  feature  in  its  structure  of  a  very  inte- 
resting kind.  He  has  represented  the  object  as  a  bright  round  nebula, 
surrounded  by  a  halo  or  glory  at  a  distance  from  it,  and  accompanied  by 
a  companion.  Sir  John  Ilci-schel  discovered  that  the  south  following 
half  of  the  ring  was  divided  into  two  parts,  producing  an  appearance 
bearing  some  resemblance  to  the  bifurcation  of  the  Milky  Way.  This 
circumstance  suggested  the  probability  of  the  nebula  being  a  vast  sidereal 
^stem,  identical  in  structure  with  that  to  which  it  offered  so  striking  an 
analogy.  The  telescopes  of  Lord  Rosse  have  served  to  destroy  this 
interesting  surmise,  by  showing  the  nebula  to  be  of  a  totally  different 
structure  from  that  which  it  exhibited  in  instruments  of  inferior  power. 
It  has  been  found  to  be  in  fact  composed  of  a  series  of  spiral  convo- 
lutions, arranged  with  remarkable  regularity.  A  connexion  has  also 
been  traced  by  means  of  these  spirals  between  the  nebula  and  its  com- 
panion. The  immber  of  nebulse  in  which  Lord  Rosse  had  already  detected 
unequivocal  indications  of  a  spiral  stnicture,  amounted  to  fourteen. 

The  remarkable  class  of  objects  termed  Planetary  Nebulae,  when  viewed 
in  the  6-feet  reflector  of  the  distinguished  astronomer  just  alluded  to, 
have  failed  to  exhibit  that  uniform  aspect  which  had  proved  such  a  stum- 
bling-block to  Herschel  in  his  attempts  to  explain  their  structure.    Five 

•  Phil.  Truu.,  1850,  p.  499,  et  seq. 
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nebula,  which  previous  a<;tronomers  had  represented  u  pfWinnillBg  ft 
round  uuifonn  disk,  were  found,  bj  Lord  Eosse  to  exhibit  aao^oifOOii 
indications  of  an  annutax  etnicture,  Nebulte  of  this  dtwcriptioti  am 
extremelj  rare  iu  the  heavens.  Only  four  of  such  olijects  had  hitherto 
been  recognised  by  astronomers,  two  in  the  tiorthern  and  two  in  the 
southern  hemisphere. 

The  class  of  objects  comprehended  under  tlie  desigijation  of  Kebttiou* 
Stai^,  whose  appearance  Sir  WilUiim  Ilerschel  was  unable  to  occouat  tor, 
except  by  assuming  tlie  existence  of  a  shining  11  aid  existing  inde 
enlly  in  apace,  have  also  exhibited,  in  the  telescopes  of  tlie  distingutil 
nobleman  just  referred  to.  an  aspect  which  eutirelj  obviates  the  aeeemtf 
of  haying  recourse  to  such  an  hjpoLbesis.  One  of  the  TOoet  mterMtio^ 
otfjects  of  this  class  is  the  nobuloua  star  mai-ked  No.  45(i  iu  Sir  John 
Her^chel's  catalogue  of  1833.  The  stardike  point  of  this  ohjecl,  wlna 
viewed  in  the  6-feet  reflector,  is  seen  to  he  placed  in  the  centra  ci  a 
nebulous  nucleus,  and  beyond  there  appears  a  nebulous  ring  complitd/ 
separated  from  the  latter.  Another  uebuloita  star,  >  OHonis*  hfts  bstn 
found  to  cxMbit  a  tjomewbat  analogous  o-spect.  The  pale  nebuloos  li^ 
surrounding  tbe  al^ir  ia  found  to  contain  a  dark  cavity,  not  exacll  j  stdoo 
metrical  with  respect  to  the  star. 

Of  tlie  other  nebulte  examined  by  Lord  Hosse.  one  of  the  most  inle- 
reating  ia  the  one  matked  No.  20i^8  in  Sir  John  Herscbel*  noitliant 
catalogue.  This  object  has  been  found  to  exhibit  a  ma,  indlflftting,  in 
all  probability,  a  nebulous  ring  seen  edgeways.  This  pheuonieDon  appean 
to  flifurd  a  valuable  experimenium  cmeis  in  deciding  tlio  queatioD  rdlialitt 
tg  the  structure  of  those  nebulee  which  exhibit  an  annular  Mpeet.  It 
is  not  difficult  to  see  that  sttoh  an  appearance  might  bo  produced  ealbtf 
by  a  real  ring  or  by  a  hollow  spherical  shell  of  uebtilous  light.  In  the 
latter  case,  however,  it  would  always  exhibit  a  perfectly  round  appear- 
ance ;  whereas,  in  the  former,  there  is  only  one  position  of  tlie  ring 
in  which  It  would  appear  round.  In  evety  other  position  it  wotild  iMMtf 
more  or  less  elliptical,  and  when  its  plaite  passed  through  the  eanii.  i< 
would  resemble  two  opposite  atueE  attached  to  the  centra]  objrct,  prorided 
there  woa  one.  Now,  since  observation  has,  in  one  itistjuici-  at  IcilkL,  dit- 
closed  indications  of  Buch  mutf,  and  thereby  {iSbrded  unequivocal  evi- 
dence of  the  actual  existence  of  a  ring  composed  eitluT  of  stan  or  of 
a  nebulous  aubstance,  we  may  reason  ably  conclude  that  (be  lumalar 
appeaiunca  ex^hibited  by  several  other  nebula*  h  uc^Misioncd  by  a  eimilar 
Clause,  and  not  by  a  hollow  sphere  of  ncbiiluu<i  ligbt.  We  M*  tin 
warranted  by  the  same  considertition  in  Buppo»«itig  that  thoM  eUiptioil 
nobuliH  which  exhibit  dark  chinks  arc  in  roaJity  nebuloas  Hnfts  of 
or  Jess  regsjlar  structure,  seen  obliquely  with  rpspect  to  the  line  of 
and  not  hoUow  ellipdciil  shells  of  nebidous  ligbl, 

Bir  John  Uerschel  has  remarked,  in  tiie  pa{>er  containing  hit  Ml 
of  nebulsB  visible  in  the  northern  hemisphere,  that  further  dJacovtiM  rf 
Buob  ol^eets  can  only  be  expected  to  result  fmra  the  use  of  le1o«n)p<w  poi> 
aeesinfi  a  higher  degree  of  optical  puwcr  itiau  a  reflector  of  ni|thtwB 
inches  aperture,  the  instrument  with  which  uU  the  iiebula»  hitherto  knom 
to  exist  were  mainly  discovered.  Tbe  obriervatiaua  of  Lord  Kokm  art 
plainly  destined  to  be  instrumental  in  realising  this  expectation.  Althaaub 
no  direct  ananih  tV>r  new  nobultt}  has  yet  been  undertaken  by  hb  lori* 
ship,  several  objeciH  of  this  class,  which  it  wan  impotaibW  to  dtttent  in 
iuMrumeutjjt  of  inferior  power,  ha\o  been  incidentally  rrvealed  by  tkt  im* 
meme  light  of  the  Q-feet  tefleolor.    It  i«  thus  oridcnt  that,  with  ft 
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increase  of  optical  power,  new  accessions  will  be  constantly  made  to  the 
Tisible  extent  of  the  universe. 

The  results  which  Lord  Kosse  has  alreaily  acliicvcd  by  means  of  his 
powerful  telescopes,  clearly  point  out  the  course  which  must  be  pursued 
m  order  to  acquire  some  degree  of  knowledge  respecting  the  nature  and 
oonstitutioii  of  those  magnificent  systems  of  sidereal  bodies  wliich  have 
been  found  to  pervade  the  immensity  of  space.     In  the  first  place,  it  is 
manifest  that  a  careful  delineation  of  the  different  parts  of  each  system 
forms  an  indispensable  preliminary  to  any  progress   in  this  branch  of 
enquiry.       It  is  only  by  a  subsequent  comparison,  instituted  between 
nebula  of  every  observable  variety  of  form,  that  any  knowledge  can  be 
obtained  respecting    the  real  structure  of    those    wonderful   systems. 
Among  them  there  are,  doubtless,  systems  of  d  liferent  orders,  as  we  find 
exemplified  to  a  limited  extent  in  the  solar  system,  but  among  those  of 
the  same  order  we  have  just  grounds  for  suspecting  that  a  kindred  form 
of  structure  prevails.     It  is  probable  that  suoh  systems  are  viewed  in 
every  yariety  of  position  relative  to  the  earth,  and  hence  we  may  reason- 
ably expect  that,  by  an  extensive  collation  of  their  apparent  forms,  it  will 
be  possible  to  arrive  at  some  definite  conclusions  respecting  their  actual 
configuration  in  space.     Formidable  as  the  problem  relative  to  the  struc- 
ture of  these  systems  may  appear  when  considered  from  this  point  of  view, 
its  difficulties  are  vastly  enhanced  by  the  internal  changes  which  are  con- 
stantly taking  place  in  each  system.     It  must  be  borne  in  mind  that, 
although  the  various  bodies  of  which  each  system  is  composed  are  doubt- 
less linked  together  by  intimate  physical  relations,  the  condition  which 
thus  subsists  is  one  of  dynamical  stability  rather  than  statical  equilibrium. 
In  UlcU  ve  are  amply  justified,  both  by  reason  and  analogy,  in  supposing 
that  the  constituent  bodies  of  every  system  are  revolving  in  curvilinear 
orbits  under  the  influence  of  their  mutual  gravitation.     It  is  manifest 
that  from  this  cause  each  system  will  be  liable,  in  process  of  time,  to 
undergo  a  modification  of  form.     Hence  it  follows,  that  not  only  will 
systems  of  the  same  order  exhibit  different  external  forms  when  com- 
pared with  each  other,  but  even  the  same  system  will  vary  from  time 
to  time  relatively  to  itself      That  the  eccentric  position  of  the  observer, 
and  the  displacements  arising  from  the  internal  movements  of  its  con- 
stituent bodies,  may  cause  a  system  to  appear  very  complicated,  while  at 
the  same  time  its  various  parts  are  adjusted  in  the  most  perfect  harmony, 
is  evident,  from  a  consideration  not  only  of  the  planetary  system  itself,  but 
also  of  those  miniature  systems  of  which  it  is  mainly  composed.     What 
more  admirable  arrangements  can  the  imagination  conceive  than  those 
which  pervade  the  system  of  Jupiter's  satellites,  and  yet  when  this  exqui« 
site  mechanism  is  casually  viewed  through  a  telescoi>e,  what  can  be  moro 
devoid  of  symmetry  tluin  the  configurations  of  its  different  parts? 

It  is  manifest,  from  the  foregoing  considerations,  that,  in  order  to  acquire 
just  ideas  respecting  the  construction  of  tliose  vast  systems  of  worlds  which 
the  telescope  has  shown  to  be  distributed  throughout  the  immensity  of 
space,  an  assiduous  course  of  observation  and  research,  prosecuted  through- 
out a  long  succession  of  ages,  is  absolutely  indispensable.  The  investi- 
gation of  the  dynamical  laws  by  which  those  systems  are  governed  and 
their  stability  is  assured,  must  be  regarded  as  an  ulterior  object.  It  is 
only  in  tlie  case  of  the  more  simple  systems,  the  relative  movements  of 
whose  constituent  bodies  admit  of  being  readily  deduced  from  observation, 
that  the  dynamical  conditions  of  the  system  can  form  a  feasible  subject 
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of  research.  To  attetnpt  to  discover  llie  mechanical  strocture  of  mon 
coTnplicated  systsrag,  before  observations  were  amasbed  capable  of  rotming 
a  sure  groundwork  of  research,  would  be  luamfestly  a  hopele^  ttuder^ 
taking.  All  speculations  directed  to  tbis  etid  must  therefore  be  regarded 
as  prematyre,  in  the  present  state  of  sidereal  astronomy*. 

The  reraarUftble  Zona  of  light  termed  the  Mitky  Way,  which  is  seen 
encirt-ltiig  the  starry  heavens,  has  in  all  ages  excited  the  admirvtioti  of 
mankind,  and  stimulated  the  enquiries  of  the  contemplative  observer  of 
nature.  It  would  serve  no  useful  purpose  to  refer  here  to  the  erroneoos 
opinions  entertained  by  various  ancient  philosophers  respecting  the  natare 
of  this  luminous  circle.  Aristotle  supposed  it  to  he  composed  of  a  sub- 
stance occupying  an  interraedjate  position  between  the  terrestrial  aunch 
sphere  and  the  region  of  the  stars.  In  no  part  of  his  great  work  has 
Ptolemy  expressed  an  opinion  respecting  the  nature  of  the  Milky  Way, 
It  is  a  remarkable  fact,  however,  tbat  Democrittis  hit  upon  the  ime  ex- 
planation of  its  aspect.  According  to  Plutarch,  be  tnaintJiiDeJ  th&l  it 
was  composed  of  a  multitude  of  small  stars,  so  very  near  to  each  other, 
that  their  light  became  blended  together  so  as  to  produce  the  app««ntnc« 
of  a  luminous  zonef.  A  sinnlaj  opinion  respecliog  tbe  Mtlkj  Way  u 
expressed  by  Manilius,  in  his  poem  on  the  apbere^. 

Copernicus  has  cnutiotisly  abstained  from  any  allusion  to  the  Milk; 
Way,  in  his  immortal  work  viberein  he  expounds  the  true  STstftm  of  Uu 
universe.  Tycho  Brahe  supposed  it  to  be  formed  of  a  ttebiilaat  aiib- 
atance,  as  is  evident  from  bia  speculations  on  the  origin  of  the  now  star 
which  appeared  in  the  year  157Q§,  A  similar  view  of  its  structure  wis 
implied  in  Kepler's  epeculations  on  the  origin  of  the  new  star  of  I6rt|  ||. 

Tbe  iuvenlioii  of  the  telescope,  about  the  begiuning  of  the  eeveoteeiith 
century,  had  the  effect  of  condacting  nstronotners  to  a  more  accunit« 
knowledge  ref^pecting  the  constitution  of  the  Milky  Way  titan  biul  hii 
prevailed.  When  Galileo  first  explored  tbe  heaveua  with  his  tel 
he  discovered  everywhere,  to  his  unspeakable  admiration,  a  multitude 
stars  whioli  were  too  fnint  to  be  perceived  with  tbo  naked  eye.  Tbe 
aspect  of  tbe  Milky  Way  wan  found  by  him  to  arise  wholly  from  iiH  beaif 
composed  of  a  vast  collection  of  sma^l  stars  in  close  proximitv  to  OM 
anotiier.  In  tbe  Sidemtt  Nuncius,  a  small  work  cotitrtining  tb« 
announcement  of  his  telescopic  discoveries  in  the  heavens,  he  c«i 
lates  himself  on  having  put  an  end  to  the  ancient  controversy  rii|iectiii|f 
the  Milky  Way,  by  actually  exhibiting  its  structure  to  the  aonawf. 
Tbencefoi'ward  it  has  been  generally  admitted,  that  the  Milky  Way  h,  ui 
fact,  no  other  than  a  vast  assemblage  of  stars  too  small  to  be  tndividcuillf 
visible. 

*  Amonpc  those  trho  JiavD  pahially  laboured  on  tbe  tubjcet  of  ncliuU%  n>  nno  cxlii- 
bitcd  filch  fii^K  qunliticationf  for  cultivatm^  to  itflicntc  a  branch  of  Mt^lUr  mitronom}  » 
Ehi'iH'«er  Porter  Mmon,  a  yourift  American  of  prent  nromite,  who  unfortutifttplr  ({ini  ig 
the  yenr  1840,  nt  the  tarly  a^e  of  Ineiity-onc  yc3f)».  An  itii[KprtAnt  P«p«r,  contuning  Uw 
retultc  of  ills  obserVAtiaiiJi  of  tnmc  rernarkiihlu  la-buitv,  b  iiiierted  in  voL  vii.  of  tbe 
7Van»acftons  of  the  American  P/iilrwophical  Sfnietj/,  Thcrt*  »  i  very  int«ratiatt  ^ 
count  of  th(>  life  and  wjrittngi  of  ihia  true  sun  of  getnus,  wrilU  ti  hy  Pfufawir  KHm^li, 
of  Yole  Collcgv,  ConnectJcuL  ()2mi>i  New  York,  J^2  ) 
f  Dc  Piacit.  lib.  iii.,  cap.  i. 

t  "  An  DiBJiir  dcntA  tldlafum  turba  roranl 
Conl«Kit  (Utntiias,  et  cr{i$'»ii  luniitte  CAndeti 
Et  fuiffore  ititet  coLlato  clurior  oM*." — Lib.  L,  eifi.  t*. 

I  ProgyinniusniBta,  p.  795.  j|  "  De  SielJi  Novi,"  cap.  zxUL,  p.  IJ^ 

II  Opcre  di  Goiiico,  iomo  u.,  p.  4. 
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Although  the  nature  of  the  Milky  Way  was  now  well  understood, 
no  attempt  was  made  for  a  long  time  to  investigate  the  particulars  of 
its  structure,  and  to  connect  its  appearance  with  the  distribution  of  the 
stars  throughout  the  other  parts  of  the  visible  heavens.  This  important 
object  was  at  length  accomplished  by  Thomas  Wright,  in  his  "  Theory  of 
the  Universe,"  a  work  to  which  we  have  already  had  occasion  to  allude. 
The  author  has  given  an  exposition  of  his  theory  in  nine  letters  addressed 
to  a  friend.  Alluding  to  the  current  opinion  respecting  the  Milky  Way, 
that  it  is  composed  entirely  of  stars,  he  asserts  that  this  view  of  its 
nature  was  supported  by  his  own  observations  with  a  reflector  of  one  foot 
focal  length.  The  following  statement  embraces  the  more  important 
points  of  his  theory. 

If  we  judge  of  the  Milky  Way  by  phenomena  only,  we  must  conclude « 
it  to  be  a  vast  ring  of  stars,  scattered  promiscuously  round  the  celestial 
r^ons  in  the  direction  of  a  perfect  circle.  This  view  of  its  structure, 
however,  does  not  accord  with  the  aplanatic  position  and  irregular  distri- 
bution of  multitudes  of  other  stars  of  the  same  nature,  dispersed  through- 
out the  celestial  regions.  It  is  not  consistent  with  the  harmony  which 
pervades  all  the  other  arrangements  of  nature,  that  one  portion  of  the 
stars  should  be  disposed  with  the  most  perfect  regularity,  while  all  the 
others  were  scattered  about  in  the  utmost  confusiuu,  without  any  regard 
to  symmetry.  It  is  more  probable  that  the  whole  visible  creation  of 
stars  forms  one  vast  system,  the  parts  of  which  are  adjusted  with  the  most 
perfect  harmony,  and  that  its  incongruous  aspect  is  due  to  the  eccentric 
position  in  which  it  is  viewed,  and  to  the  motions  of  the  constituent 
bodies  relatively  to  each  other.  When  we  reflect  upon  the  various  con- 
figurations of  the  planets,  and  the  clianges  which  they  perpetually 
undergo,  we  may  be  assured  that  nothing  but  a  like  eccentric  position  of 
the  stars  could  occasion  such  confusion  among  bodies  otherwise  so  regular. 
In  like  manner  we  may  conclude  that,  as  the  planetary  system,  if  viewed 
from  the  sun,  would  appear  perfectly  symmetrical,  so  there  may  be  some 
place  in  the  universe  where  the  arrangement  and  motions  of  the  stars 
may  appear  most  beautiful. 

If  we  suppose  the  sun  to  be  plunged  in  a  vast  stratum  of  stars,  of 
inconsiderable  thickness  compared  with  its  dimensions  in  other  respects, 
it  is  not  difficult  to  see  that  the  actual  appearance  of  the  heavens  may  be 
reconciled  with  a  harmonious  arrangement  of  the  constituent  bodies  of 
such  a  system,  relative  to  some  common  centre,  provided  it  be  admitted, 
at  the  same  time,  that  the  stars  have  all  a  proper  motion.  In  such  a 
system  it  is  manifest  that  the  distribution  of  the  stars  would  appear  more 
irregular  the  farther  the  place  of  the  spectator  was  removed  from  the 
centre  of  the  stratum  towards  either  of  the  sides.  It  is  also  evident  that 
the  stars  would  appear  to  be  distributed  in  least  abundance  in  the  oppo- 
site directions  of  the  thickness  of  the  stratum,  the  visual  line  being 
shortest  in  either  of  those  directions,  and  that  the  number  of  visible 
stars  would  increase  as  the  stratum  was  viewed  through  a  greater  depth, 
until  at  length,  from  the  continual  crowding  of  the  stars  behind  each 
other,  it  would  ultimately  assume  the  appearance  of  a  zone  of  light. 
According  to  this  hypothesis,  then,  the  whole  of  the  visible  stars,  including 
the  sun,  form  part  of  the  system  of  the  Milky  Way,  their  irregular  dis- 
tribution being  occasioned  by  the  eccentric  position  of  the  sun,  combined 
with  their  own  proper  motions. 

There  are,  in  all  probability,  various  systems  resembling  the  Milky  Way ; 
but  it  is  not  unreasonable  to  suppose,  that  there  may  be  systems  of  stars 
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differing  as  much  in  the  order  aticl  distribution  of  their  conititnent 
fts  the  zones  of  Jupiter  do  from  the  rings  of  Saturn.  Wa  nuijr,  to 
suppose  that  some  sTstemg  of  sters  move  in  perfect  spheres,  at  difiiirent 
incUnatidtis  and  in  diHerent  directions;  while  other;;,  again,  may  rerolvf, 
like  the  primary  planets,  in  a.  general  zone,  or  more  probaUj  in  tb* 
manner  of  Saturn 3  ring;  nay,  perhaps,  ring  mthln  ring,  to  a  thini  or 
fourth  order*. 

la  propounding  his  theory  of  the  Milky  Way,  of  which  the  fore] 
h  a.  brief  skelch,  Wright  does  not  recognii^e  the  existence  of  syste 
stars  subordinate  to  that  great  system.  He,  indeed,  asserts,  i^at  tl 
eloudy  spots  whii^h  are  resolvable  into  st(irs»  might  be  explained  by 
priticiples  wliich  be  laid  d(]^vn,  hut  be  does  not  forinally  as&ign  ht  theia 
pplace  in  his  theory.  In  tlie  concluding  letter,  however,  he  appears  to 
admit  the  ejiistence  of  a  multitude  of  sidereal  systems  vritlitn  the  Imuii- 
dariea  of  the  visible  universe,  subordinate,  of  course,  to  the  great  •jslcm 
of  the  Milky  Way.  We  also  find,  in  the  same  letter,  an  interesting  ex« 
preesion  of  his  opinion  respecting  those  nebulae  which  had  hitherto  proved 
irresolvable  ev<:n  in  the  best  telescopes.  Taking  into  oouaidemiwo  tbi 
muUitude  of  sidereal  systems  included  witbin  the  coniines  of  the  vbibl* 
universe,  it  appeared  to  hira  not  in]prol»fll>le  that  the  immensity  of  Eipae* 
ia  occupied  by  an  endlesg  eticeesflion  of  systems,  AntiJogQus  in  their  cilfU^ 
ture  to  the  great  system  (tbe  Milky  Way)  of  which  the  risible  univ«rM  ii 
composed.  "Tbat  this,  in  all  probability,  rony  be  the  real  case,"  SAyili*, 
*'  is  in  some  degree  u>ade  evident  by  the  many  cloudy  spots,  just  perc^iv' 
able  by  us,  as  fur  without  our  starry  regions,  in  wbich,  although  visibiy 
luminous  spaces,  no  one  atar  or  particular  constitiient  body  can  possihly 
he  distinguished ;  tkoKe^  in  all  UhslUtood,  may  be  external  ertatkm.  ber- 
<Ujing  vpon  the  ktiottn  on  a,  too  rmiote  for  et?cn  oar  tehicopfi  to  r«idb-"f 

Tho  fipeculations  of  Wright  on  the  Milky  Way  are  so  coniii^tont  witb 
sound  philosophy  and  the  results  of  observiition,  that  ihey  cannot  Cul  to 
obtain  the  sanction  of  every  person  who  submits  them  to  a  carefnl  « 
nation.  At  the  time  of  their  original  prumulgatiou,  however,  the 
tion  of  mathematiciaus  iiad  become  deeply  ongro^ised  with  the  dorclof* 
ment  of  the  theory  of  gravitatioHt  while  astronomers^  on  tbe  o(br*r  ha&J, 
were  impressed  with  the  necessity  of  introducing  a  c»>rrt'  dogras 

of  refinement  into  their  observations,  and  establishing  v,  .  .  uimMl 
possible  accuracy  the  elements  of  the  planetary  movomento.  It 
pened,  from  this  cciuse,  that  only  individuals  of  tbe  eamti 
turn  of  mind  as  Wright  hin:)self  were  induced  to  adopt  his  theory  aa  Ibl 
basis  of  further  enquiiy.  Such  vtas  the  case  -with  respcnt  to  KianU  ibt 
celebrated  German  inetapliysiciaij,  who,  in  the  year  17,^5,  puhlialiodi  ftiPtrit 
containing  an  exposition  of  bis  vio^vs  respecting  the  cosmicjd  amnfanMnt 
of  the  celestial  bodies.  In  the  introduction  to  this  work,  he  iidcnowWil^ 
tbat  the  genn  of  his  ideas  on  the  di'^tributian  of  the  »ua%  was  rogytid 
to  htm  by  the  speculations  of  Wright  on  the  sabjeet.  His  i^stni, 
indeed,  does  not  materially  ditfer  from  that  of  the  Eoglidi  plnl«aoplMr, 
A  system  bearing  a  close  acuity  to  either,  was  also  propoanded  a  Inr 
jears  afterwards,  by  Lambert,  in  hi^  ■*  Coiiinological  Lettoi»."I 

Tbe  physical  oonstitutiou  of  tlie  Milky  Way,  and  ita  oonDaxloo  wA 


*  It  ii  ImpiMwbte  not  to  be  tUuck  with  the  eonnexlati  iubtwlliiy  b«|wcsii 
doui  remu-lLi,  and  the  nhenamcna  wliicli  Lord  RoiM  hii  ntosatiy  tuoceedad  io  < 
bjr  meaot  of  bU  powernil  lelcecopen. 

f  Theory  of  tlic  UniTcrw,  p.  83. 

i  Litabsri  hn  aptly  denominated  iW  KAV^  VTvi  ^  EeKftte  of  the  FiMeA  Sttn. 
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atM  wmusgement  of  tbe  stars  constituting  the  visible  universe,  formed  a 
•algeet  of  too  great  importance  in  stellar  astronomy  not  to  have  engaged 
the  attention  of  Sir  William  Herschel.  The  results  of  his  early  labours 
relative  to  this  branch  of  enquiry  are  contained  in  two  papers  inserted  in 
the  volumes  of  the  Philosophical  Transactions  for  1784  and  1785.  His 
theory  agrees  in  the  main  with  that  of  Wright  and  the  other  enquirers 
above  alluded  to ;  but  in  this,  as  in  every  other  instance  of  his  specula- 
tions, he  produced  a  strong  conviction  of  their  reality  in  men's  minds,  by 
establishing  a  close  connexion  between  them  and  the  results  of  actuid 
observation.  His  powerful  telescopes  enabled  him  to  penetrate  far  more 
deeply  into  the  structure  of  this  wonderful  zone  than  had  been  hitherto 
possible,  when,  to  his  admiration,  he  found  it  to  consist,  in  every  part  of 
its  visible  course,  of  an  innumerable  multitude  of  small  stars  *.  On  one 
oecBsion  he  found  that  in  the  short  interval  of  one-quarter  of  an  hour 
no  fewer  than  116,000  stars  had  passed  through  the  field  of  view  of  his 
telescope f.  On  another  occasion  he  found  that  in  forty-one  minutes  of 
time  as  many  as  258,000  stars  had  passed  in  review  before  him  | ! 

It  would  be  inconsistent  with  the  object  of  this  work,  to  enter  into 
a  detailed  account  of  the  researches  of  Herschel  on  the  Constitution  of 
the  Milky  Way.  A  remarkable  method  devised  by  him  for  ascertaining 
the  configuration  in  space  of  this  great  sidereal  system,  consisted  in  ex- 
amining the  heavens  at  different  distances  from  the  Galactic  circle,  and 
numbering  the  stars  visible  in  the  field  of  view  of  his  telescope.  Assuming 
that  the  stars  are  uniformly  distributed  throughout  space,  and  that  the 
telescope  suffices  to  penetrate  to  the  utmost  limits  of  the  sidereal  stratum 
constituting  the  Milky  Way,  it  is  manifest  that  the  number  of  stars  visible 
in  the  field  of  view  of  the  telescope  would  increase  with  the  length  of  the 
visual  line,  and  would  thereby  afford  an  indication  of  the  distance  from 
the  observer  to  the  exterior  surface  of  the  Milky  Way.  Hence,  by  com- 
paring together  the  lengths  of  the  various  lines  found  in  this  manner,  and 
taking  into  consideration  their  respective  distances  from  the  Galactic 
circle,  the  actual  configuration  in  space  of  the  Milky  Way  may  be  ascer- 
tained. Such  is  a  brief  outline  of  the  celebrated  method  of  gauging  the 
heavens,  which  Herschel  practised  to  a  vast  extent  in  the  early  period  of 
his  researches  on  the  constitution  of  the  Milky  Way§. 

Although  Herschel  assumed  as  one  of  the  fundamental  points  of  his 
theory  of  tbe  Milky  Way,  that  the  stars  are  distributed  uniformly 
throughout  space,  he  had  recourse  to  this  principle,  not  from  a  conviction 
of  its  being  absolutely  true,  but  because,  while  there  was  a  probability  of 
its  constituting  a  tolerable  approximation  to  the  actual  state  of  nature,  it 
at  the  same  time  had  the  advantage  of  affording  a  convenient  basis  of 
calculation.    Even  as  early  as  the  year  1785,  he  remarked  that  in  many 

•  PhiL  Trans.,  1784,  p.  438.  f  Ibid.,  1785.  p.  244.  |  Ibid.,  1795,  p.  70. 

§  These  observations  were  made  by  Herschel  with  the  20-feet  reflector,  the  field  of 
riew  of  which  was  15'  in  diameter.  In  some  instances  the  number  of  stars  in  the  field 
of  view  did  not  exreed  a  few  units.  On  one  occasion,  indeed,  Herschel  was  enabled  to 
count  only  three  stars  in  four  successive  gauges.  The  paucity  of  stars  in  the  field  of 
Tiew  was  of  course  mainly  observable  in  those  parts  of  the  heavens  which  were  at  a  con> 
•iderable  distance  from  the  Milky  Way.  As  the  gauges  approached  the  Galactic  circle 
the  number  of  stars  rapidly  increased,  amounting  in  many  instances  to  between  400  and 
500,  and  on  one  occasion  running  as  high  as  588.  A  list  of  these  gauges,  with  the 
elements  of  their  respective  positions,  is  given  by  Herschel  in  his  paper  inserted  in  the 
Philosophical  Transactions  ioT  1785.  They  amount  in  number  to  between  three  and 
four  thousand. 


»T« 
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parta  of  the  Milky  Way  the  stars  exhibited  indicattona  of  a,  tendent 
isollect  together  into  separate  clusters  *.  It  was  this  (.-ircutUBtance  wt 
induced  liim  to  assert  that  some  parts  of  our  sidereal  system  seemed  to 
have  suffered  more  from  the  ravages  of  time  than  other  pArtsf,  In  oon* 
firmatiou  of  this  statement,  he  remarked  Ximt  in  the  coujsieUation  Scor- 
pio there  existed  an  absolutely  dark  spBce,  about  4*  broad,  in  which  not 
a  single  star  was  visilde  ;  while  on  the  other  hand  the  object  marked  No. 
60  in  Messier's  catalogue,  one  of  the  richest  and  most  compressed  clusien 
of  stars  in  the  heavena,  was  situate  close  upon  its  western  border  t. 

In  his  paper  of  1802,  Herschel  again  referred  to  the  manifest  eTideoee 
of  a  tendency  of  the  stars  in  the  Milky  Way  to  form  tbetn&elved  into 
distinct  £jidereal  aggregations.  In  all  those  instances  ?>'herein  smftll 
spaces  of  a  milky  aapect  in  a  state  of  isolation  were  discernible,  he 
found  that  the  brightness  was  invariably  greatest  in  the  middle,  and 
least  around  the  borders ;  and  since  he  had  shown,  by  means  of  his 
powerful  telescopes,  that  the  peculiar  lapect  of  the  l^lilky  Way  Arose 
entirely  from  the  presence  of  a  multitude  of  small  stars  in  close  pwa.- 
imity  to  each  other,  this  gradation  of  brightness  clearly  indtc4»ted  Umll 
stars  of  each  distiuot  group  were  clustering  towards  a  common 
A  striking  example  of  the  tendency  of  the  stars  to  collect  logetJier  iata 
separate  &y;$tdms  was  cited  by  him  in  the  paper  just  referred  to,  Ue 
remarked  that  in  the  interval  between  ^  and  y  Cygni,  including  a  splice 
of  altout  5",  the  stars  seemed  to  be  clustering  tawardd  opposite  i^pMk 
of  the  heavens.  By  a  computation,  based  upon  tliie  number  of 
contained  in  the  field  of  view  of  his  telescope  when  directed  ton 
different  parts  of  this  s|>ace,  he  foimd  that  it  contained  at  leodt  1)31,000 
stars,  Hence,  admitting  that  the  stars  were  really  dusteiing  in  Aqua) 
unmbers  towards  opposite  regions  of  the  iieavens,  as  observation  SMnoed 
to  warrant,  he  concluded  that  each  of  such  clustei:s  contained  al  least 
165,000  stars  §! 

In  a  paper  which  he  communicated  to  the  Royal  Society  in  llie 
1814,  Her=chel  again  alluded  to  the  tendency  of  the  stars  constitut 
the  Milky  Wny  to  arrange  themselves  into  separate  systems.  Ho 
took  into  consideration  the  consequence  which  must  tneTltably  ensae 
the  continued  operation  of  such  a  clustering  pFocessj|,  By  a  MriiVj 
careful  obsen-ations  he  found  thot  the  clusters  of  vadous  kind4 
much  more  numerous  within  the  Milky  Way  and  the  regions  bordetii^ 
upon  it,  than  they  were  in  the  more  disSaiit  regions  of  the  h( 
^'ith  respect  to  the  Galactic  circle.  He  considered  that  under 
influence  of  the  mutual  attraction  of  the  stars  this  clustering 
would  contiiuie  uniU  it  would  ultimately  result  in  the  complete  brefti 
up  of  the  Milky  Wny.  and  the  formatiori  of  a  number  of  sidereal  8y*t 
totally  distinct  from  one  another.  The  grandeur  of  this  concla&ion  w*» 
worthy  of  the  genius  of  Herschel ;  but  it  mwy  be  urged  against  it» 
admission  that  we  have  no  reason  to  suppose  that  th«  various  parta  of 
the  Milky  Way  are  not  already  in  a  condition  of  dynamical  st  "  '  :rjj 
that  the  clustering  patches  of  light  by  which  it  is  dititiuguish  u- 

out  its  visiblo  course,  are  not  in  reality 'so  many  sidereal  aysleius,  vxisuag 
independently  of  one  another,  but  subordinate  to  the  grenc  srst^m  « 
\?hich  they  apparently  form  a  part.  ' 


•   Pliil.  Trafi! 
1  Ibid. 
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Although  the  hypothesis  of  a.  uniform  cliatribution  of  the  stars  in  space, 
combined  with  their  arrangement,  in  the  fbnu  of  a  vast  stratum  of  iucou- 
siderable  thickness,  accoimta  for  the  general  appearance  of  the  starry 
beaveDs,  still  it  is  uot  improbable  that  the  gradual  increase  in  the  nuta- 
faer  of  stars  visible  upon  approaching  the  Milky  Way,  niay  arise,  in  eom© 
degree  at  least,  from  a  real  condensation  of  them  towards  the  plane  of 
the  Galactic  circle.  This  point  can  only  be  decided  by  taking  into  account, 
in  conjnnctioi]  wiih  the  number  of  stars  visille  in  the  field  of  view  of 
the  telescope,  their  relative  distances  as  indicated  by  iheir  apparent  nmg- 
nitudes.  If  we  suppose  the  observations  to  he  limited  to  stars  of  a  cer- 
ttuu  magnitude,  aud  to  iu elude  all  those  of  superior  brightness,  which 
are  presumed,  in  cousequence,  to  be  nearer  to  the  earth,  the  question  will 
then  be  reduced  to  the  investigation  of  the  law  of  distribution  of  the  stars, 
comprehended  within  a  sphere  whose  radios  corresponds  to  the  apparent 
magnitude  of  the  extreme  stars.  Now,  if  in  such  a  case  the  at  Eli's  appear 
more  Tiumeroua  upon  approaching  the  Milky  Way,  it  is  manifegt,  from 
this  circumstance  alone,  that  they  must  increase  in  density  towards  the 
plane  of  the  Galactic  circle.  Moreover  it  is  evident  tliat,  for  two  such 
spheres  of  different  radii,  the  maiimum  immber  of  stiu^  would  bear  lo 
the  minimum  a  much  higher  ratio  in  the  cose  of  the  larger  s^phere  than 
it  would  do  in  that  of  the  smaller,  provided  there  was  a  real  condenaa- 
tion  of  the  stars.  Tho  work  recently  published  by  M.  Slruve,  entitled 
"  Etxide$  dJjttronomie  Stellmre"  contains  some  remarkable  gpecalations 
on  the  constitiiUon  of  the  Min<y  Way.  tvhich  bear  directly  upon  this 
question.  By:  a  skilful  discussion  of  the  gauges  of  Herfchel,  and  the 
catalogues  of  modem  astronomers,  chiefly  those  of  Bessel  and  Arge- 
lander,  he  has  ascertained  that  the  stars  of  the  visible  universe  are  not 
uniformly  distributed  throughout  space,  but  that  they  are  gradually  more 
condensed  towards  the  plane  of  the  Milky  Way,  He  moreover  liaa  suc- 
ceeded, by  means  of  empirical  formiihe,  iu  representing  the  law  of  appa^ 
re«t  coTidensaliou  with  reraifirkable  fidelity.  Oar  limited  apace  preveuta 
us  from  giving  a  detailed  account  of  his  interesting  researches  on  this  oc- 
casion. 

During  Sir  John  Herschel's  residence  at  the  Cape  of  Go<>d  Hope,  be 
executed  an  extensive  aeries  of  observaliona,  with  the  vie  TV  of  discovering 
whether  the  distribution  of  the  stars  in  the  southern  hemisphere  cor- 
responded with  the  results  of  Sir  William  Hes'scbel's  simitar  labours, 
prosecuted  mainly  on  the  opposite  side  of  the  Galactic  circle.  In  order 
that  the  observations  might  admit  of  comparison  with  those  of  his  father, 
they  were  made  accoi-ding  to  the  same  method,  and  with  a  telescope  of 
the  same  optical  power.  They  embraced  a  region  of  Uie  celesiiai  sphere 
extending  from  the  south  pole  of  the  Galactic  circle  to  a  distance  of  150'. 
measured  upon  a  great  circle  passing  through  it.  The  whole  number  of 
stars  counted  in  the  telescope  amounted  to  6S,94B,  which  were  included 
within  *2a90  fields  of  view  •.  The  results  were  found  to  present  a  remark- 
able agreement  with  those  deduced  by  M.  Struve  from  the  gauges  of  Sir 
WUliam  HerscheL  It  would  appear  from  them,  that  the  southern  hemi- 
sphere is  somewhat  richer  \i\  stars  than  the  northern.  This  would  in- 
dicate that  our  system  is  not  situate  exactly  in  the  plane  of  the  Galactic 
circle,  but  is  displaced  a  little  towards  the  north.  The  apparent  position 
of  the   Milky  W^ay  presents  an  interesting  aecordauco  with  this  coudlu- 


*  Ret ulu  of  Alt  Obs.,  &&,  p.  580. 
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fiion ;   for  it  has  been  fouud  that   its  mean  course  do«8  not  COiaeiiJe 
exactly  with  a.  great  circle  of   the  sphei"<i,  hut  with  &  partllel 
altout  9^"  from  die  Galaclic  norili  pole*. 

By  a  computation  based  on  ihe  gauges  in  both  hemtspberes  reklive  l» 
the  Galactic  <^irole.  Sir  John  Herachel  fouud  that  the  whole  number  «Cj 
stars  visible  iu  a  reflecting  telescope  of  IB  inches  aperture  ainouuls  toi 
five  miilious  and  a  halff.     It  cmy  be  recnarked  in  connexion  wiib  tlias 
fact,  that  the  whole  numher  of  stara  visible  to  the  naked  ey*  in  both 
hemispheres  does  not  exceed  six  thousand,  even  in  the  c«9e  of  peraotsm  of  ■ 
the  most  DCtite  viision^.  I 

We  shall  conclude  our  lahcurs  vrith  n  brief  account  of  ih6  speoolfttMiftfl 
of  QjBlroQocnei'^  on  the  subject  of  the  Extinction  of  Ligbt  in  ils  paaagil 
through  space.  We  have  seep  tjmt,  even  as  early  as  tbe&uttaMith  eenlu^^l 
Jordano  Drano  ventured  to  assert  thnt  the  muverse  is  (>«o|>l«d  witli  m™ 
infinite  number  of  tans.  As  soon  as  xhe  telescope  disclosed  the  acttd 
existence  of  innumerable  stai-s  invii»ible  to  the  naked  eye,  the  doctrine  «f 
an  infinily  of  v'orlds  presented  itself  with  greater  plausibility  to  muAi 
iasbiied  with  a  naturul  propenaity  towarda  speculation.  In  a  shoit  Mfcf 
inserted  in  the  Philasophicai  Tiansactions  for  17*i^0.  H.alley  h&s  Cfittflidcs^d 
the  effect  which  would  be  produced  upon  the  aspect  of  the  heavena  Hi 
nni^erse  was  peopled  wttli  an  iniinite  number  of  shining  bodies  §. 
BuUof  his  enquiry  was  notunfaTourabie  to  that  hypotliesia.  He  rei 
that  the  light  of  the  stars  diminishes  at  a  more  rapd  rata  than  the  ialcfrd:^ 
included  between  them  does,  the  hiw  of  tUruiatttUMi  being  repreeeDted  iu 
the  one  case  by  the  reciprocal  of  the  square  of  the  dtatADpe,  ao4  in  the 
other  simply  by  the  reciprocal  of  the  distance  lie  inofeOT6C  tddod,  that 
when  tlie  stars  are  very  remote  they  vanish,  even  iu  the  moet  t>oirarf til  teJe^ 
scopes.  TTpon  theie  grounds  he  concluded  that,  even  if  tl»e  in 
bodiea  was  intHnite,  the  heavens  could  not  eihibit  a  uniformly  lUiUBiailcdi 
aspect  from  their  combined  lustre, 

Plausjlile  as  the  rensoning  of   Halley  nndonbledly  ia,   it  e«iiiiot  he 
regarded  a&  satisfactory  when  submitted  to  close  exnminaiiou^     Chceant, 
the  Svii^s  aslronomer,  to  whom  allusion  has  already  been  tniidii  on  mon 
than  one  occasion,  arrived 'at  a  ditferent  conclusion,     lie  Of^jerted  thlt 
the  light  of  an  inhiiite  number  of  s^iiuing  bodies  would  cause  the  lieeiCM 
to  appear  everywhere  equally  illumitiated  witli  the  nun,  aud  upon  ibii 
groimd  he  maintained  that  we  must  either  abandon  the  sup] 
ioiinity,  Lir   admit  that  light  is  gradudly  extinguished  in  iU 
through  the  celestial  regions.     A  simtl&r  view  of  the  subject  in 
tained  by  Olbcr^,  the  celebrated  Gemutn  astrouoiQer,     M.  iStruT*, 
"  Etudes  d'Aaironotnie  StrUaire^"  has  given  an  accoQut  of  eoBke  JalfvariMfi 
speculations  on  this  subject,  which  were  auggeated  ta  him  by  bis  XtaiVli* 
on  the  Invv  of  the  distribution  of  the  atara  oonstitutiug  tho  vi&iblo  ooifeot- 
He  considei^  that  positive  evidence  in  favour  of  the  extiuotioii  «l  fidi 
is  afforded  by  the  circumstance  tliat  the  space-peneUMiiig  povar  of  a 
telescope,  when  computed  according  to  the  ustuu  principlea,  i»t  UMt^*' 


"   S»riivc,  Eludrs  d'Antnmtmif  S(*!Iii(fe^.  61. 

f  R«suli»  of  Ai-t  Obi.,  &i:..  p.  S8l.  Tn«  precue  ntimbn-  of  tto*  — tgiml  kfl" 
eomfmtiilJoiiR  I*  5.33 1, .572.  Hv  eomiden,  bopcver.  that  tbe  aunb^r  rrd.j  vaikH  ii 
the  telacotic  i^  mucti  ^aitr,  ••  ja  lOiay  puli  of  the  MiUiy  Way  tbe  tt«n  ■pfaM^  * 

i  Siruve.  Ktu^n  d'Attrornmu  SttUairm,  p.  2. 
\  Phil  Tnijfc,  1720,  p.  ffl. 
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iCd  value  m  indicAted  by  actual  observation.  Thos,  a«^ordiTlg  tx)  the 
usuhI  iheon-,  iL  Struve  found  that  the  spaci?-pcnetrating  power  of  Uie 
SO-JMt  reflecting  telescope  of  Herschel  vas  T4.6'3,  the  linear  unit  being 
tSk0  4i9taDcd  of  the  smallest  stars  visible  to  the  naked  eje.  On  the 
odMi  hand,  he  found  by  a  computatiou  based  upon  the  law  of  con- 
densation of  the  stars,  which  he  liftd  deduced  from  the  observations  of 
Herechel  and  other  osCrotiomers,  that  the  radius  of  a  sphere  embracing 
the  smallest  stars  visible  in  the  '-^D-feet  leilectiug  lelescojie  &f  Hersche), 
does  not  exceed  25.672  of  the  same  units.  It  would  appear,  therefore, 
that  the  lelescjipe  does  not  in  reality  penetmte  into  space  be,vond  the  third 
port  of  the  distance  asaigtied  Uy  theory.  M.  Struve  niaiutmns  that  the 
inconsistence  t>etween  theory  and  oltserv^atjon  which  is  thus  found  to  pre- 
^■ail,  can  only  be  accounted  for  by  eupposing  iljat  the  ijftht  of  ihe  stars  is 
gradually  extingui$,hed  in  ita  passage  through  the  celestial  regions. 
Adopting  this  hypotheisis,  he  proceeds  to  in\^estigate  the  re&nlts  deducifale 
ieom.  it,  aasutning  as  a  fundamental  principle  that  the  light  is  enfeebled 
in  geometrical  progression  a^  the  space  tmversed  by  it  increases  in  arith- 
metical progression.  By  strict  coinpiitaiiua  he  found  that  the  theory 
which  usualjy  a^sigiis  the  epace-penetnUing  power  of  the  telescope  might 
be  reconciled  uith  observation,  by  supposing  that  the  light  of  the  stare 
was  enfeebled  to  the  ex^tent  of  -rli^tli  of  its  iuten&ity  in  its  passage  through 
a  spac«  equal  to  the  dibt^nce  of  a  star  of  the  first  magnitude. 

The  extinciion  of  light  occasions  a  dicninutiou  in  Uie  brightuess  of  all 
tke  stars  that  are  visible,  either  to  Uie  naked  eye  or  in  the  telescope,  M. 
&truve  found,  that  fur  the  finiallesi  fitars  visible  to  the  naked  eye,  tJ)e 
diminution  of  brightness  is  equtd  to  -pji^ths  of  the  whole  quantity.  For 
stAfs  of  the  ninth  magnitude  the  diminution  of  brightneiss  amounts  to 
-i^^r^ths.  and  for  the  smallest  stai^  visihle  in  tlie  2(>-feet  reUecling  tele- 
§60^  of  Hen^hel  the  diminution  of  bri^litae«e  is  no  less  than  -/^^^ths  of 
ik^  whole  quantity. 

The  effect  of  the  ejitiuction  of  light  upon  the  space-penetrating  power 
of  telescopea  is  equally  remarlcable.  The  20-feet  ivtleclor  of  Uerschel, 
wbicfa  M.  Strove  calculated  to  have  a  penetiaiing  power  yf  813.0,  nbi^ti-ae- 
tkm  being  made  of  the  extinction  of  light,  was  found  by  him  to  have  a 
power  of  only  250,7,  when  the  inilttent-e  of  that  principle  v^as  taken  into 
HGcount.  In  like  manner  he  found  that  the  space -penetrating  povrer  of 
thio  4tl-feet  retltcting  telescfiiie  of  the  same  astronomer  was  I'duci'd  from 
^8t)«3  to  yfl8-5,  iu  coufeeqneuce  of  the  extinction  of  li|^t.  It  is  manife&t 
ihkU  if  theso  results  bo  admitted  as  true,  the  diiitauee.^  assigned  by  Uer- 
•ch«l  to  tho  celestial  bodies*  mu&t  necessarily  undet^o  a  correapot^ng 
diminution. 

if  light  really  diminishes  in  geometrical  progresaiou  relative  to  tte 
space  through  which  it  is  trantimitted,,  it  is  evident  tliat,  beyond  a  detar- 
minate  distance,  the  light  of  a  star  can  produce  no  sensible  eOect  to  an 
«lHierret  at  the  earth,  and  tlierefore  the  appareut  iUuminttion  of  the 
Ijeneral  gronnd  of  the  heavens  will  depend  wholly  on  the  light  of  the 
«tar«  included  within  that  iimit.  This  circum&tance  has  anggested  to  M. 
StruTe  some  curious  calcuhitions  relative  to  the  effect  contributed  by  the 
different  classes  of  stars  towttrds  the  briglanesa  of  tlie  heavejis,  as  ohserv* 

le  in  the  region  of  the  Milky  Way,  and  in  the  direction  of  the  poles 

the  Galactic  circle.  The  following  are  some  of  the  more  interesting 
-conclusions  at  which  he  arrived  :— 

Igt.  The  Btara  aitnate  beyond  the  reach  of  tUo  $lO-ieet  reflecting  tele- 

p  p  9 


bvdon  of  the  sUib  .     Moreorer, 

Ts  ffaces  in  the  soatbeni  hemisphere 

iir  A»  ssan  in  the  Tidnitj  of  the   son  8 

All  dedaeed  bj  If.  Strare*. 

^  a  ^ndiad  dhnraution  of  the  den- 

if  sae  Ififcy  War,  as  well  as  in  s  direction 

is  9«  arif  eansniiiit  to  sound  philosophj, 

_  -from  obserrations  of  the  arrange- 

iiPKu^cDBC  ife  aAu  lyMeiaa  of  the  sidereal  nniverBe. 

_!Baai  W  M.  Strare,  as  an  explanation  of  the 

"Abot^  aai  ■fiiiiinliiiii.  vhich  he  eneonntered  in 

.  Ae  l^podiesB  of  a  gtadoal  extine- 

e  etiesatl  regions,  has  been  objected 

aanitr  isiamB  i*  ^r  Jifca  HesseheL    If  soch  an  h  vpotheas 

-ms  msac  ._ajHuaat7-  fcovBe  Umi.  in  consequence  of  theUght 

dw  msae  distance,  the    Milkj  Wcf 

A  iniTTmT  KKcs  il  'ij^mii  its  course.     As,  howerer, 

if  -iim  aezm.  Hvec:  :/  &•  MHW  War  do  not  accord  widi 

"iut  &«7<cfas  ftaa  wixb  it  is  deduced  is  manifestly 

cviasQ^  -%wf  fx  ifef  ^4.mut  state  of  ndereal  astronoror  the 
miECiiK.  'Tmfxmeii  sy  M.  Scnne.  and  discussed  with  so  mocfa 
jadii^  tm-  -sms  ascrmamer.  •ws  boc  adsit  of  a  definitive  solution.    To 
irrsux  :ais  snt  x  t£1  ie  usniiue  t:-  izsdimean  extensire  scries  of  otoer- 
laiMi  yami:  t  v  iftr  fcainsi  AaOilwticn  of  the  stars,  both  in  the 
Kifrr  Trr  BBt  3x  t  t»aKj  <f  tther  fOsitSinss,  with  respect  to  the  plane 
if  *t  >taaijaesL'  ji'ib*-  tmaap^^:^  ai  Ac  sane  time  telescopes  of  different 
mimra^     l^r  saa.  jmaait  aazv?  can  we  reasonably  hope  to  arn're  at 
?!aatti^    :jBrmikiiai>   r-iacrT»  »  ibe  ocostinition  of   the  great  sidereal 
«R«OH«.  -waBa.   jiiBsai!^^  saec  »  car  c^isemition  under  the  aspect  of  the 
Itiii-  "■"!»  Bit  if  w^a-i  ne  satK.  as  wt!l  as  the  greater  nnml)er  of  the 
«ir*'»iRii«e  *»-fa  at  -a^j  si!«s  vcwrM  telesropes,  mar  be  regarded  in  all 
JITWI1TUII.5  »  ju  SBBP-  K  »£  ouMimeut  bodies. 

-jofdMemtmifraitiMin,  nbirh  SrMo 
r  tf  Amu  mtmiimt  Obserratiims  atikCtft 
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Pulkowa,  we  are  inclined  to  believe  that  he  has  not  apprehended  the  real 
drift  of  the  language  used  by  Herschel  on  those  occasions  to  \vhich  he 
Tefera.  It  appears  to  us  evident,  from  the  tenor  of  Sir  William  Herschel's 
renuirks  on  the  Milky  Way,  scattered  through  his  various  papers,  that  he 
considered  it  to  be  a  vast  sidereal  system  of  definite  dimensions,  and, 
generally  speaking,  of  ascertainable  limits.  In  his  important  paper  on 
the  subject,  inserted  in  the  Philosophical  Transactions  for  17B5,  he  has 
remarked,  that  even  in  those  cases  wherein  the  gauges  were  very  high, 
the  stars  were  neither  so  small  nor  so  crowded,  as  they  must  have  been 
on  the  supposition  of  a  much  fi&rther  continuance  of  them,  and  when  cer- 
tainly a  milky  nebulous  appearance  must  have  come  on  '*'.  On  a  suit- 
sequent  occasion,  indeed,  he  cited  some  observations  of  the  Milky  Way, 
from  which  it  appeared  that,  notwithstanding  the  application  of  higher 
and  higher  degrees  of  optical  power,  there  still  remained  traces  of  nebu- 
losity in  the  telescope,  indicating  that  the  limits  of  the  stratum  had  not 
been  reached.  It  is  important  to  remark,  however,  that  the  object  he  had 
in  riew  in  citingthese  observations,  was  not  for  the  purpose  of  showing 
that  the  Milky  Way  was  unfathomable  even  in  those  parts  to  Avhich  his 
observations  referred,  and  to  which  such  an  expression,  in  a  certain  sense, 
was  fairly  applicable  ;  but  to  demonstrate  that  the  nebulosity  in  the  tele- 
scope was  not  of  an  ambiguous  nature — that,  in  fact,  it  was  attributable 
to  the  circumstance  of  its  consisting  of  stars  too  remote  to  be  distinctly 
▼isible  by  any  optical  aid  that  was  available,  and  not  to  its  being  in  reality 
composed  of  nebulous  matter  f. 

-  A  more  serious  objection  urged  by  M.  Struve  against  the  hypothesis  of 
a  diminution  of  the  density  of  the  stars  in  the  plane  of  the  Milky  Way, 
is  founded  on  the  circumstauce  that  an  examination  of  the  gauges  of 
Herschel  conducts  to  the  same  law  of  condensation  in  a  direction  per- 
pendicular to  that  plane,  with  the  law  which  he  found,  from  the  obser- 
Tations  of  Bradley  and  Argelander,  to  prevail  in  the  immediate  vicinity 
of  the  sun,  as  far  as  the  stars  of  the  eighth  and  ninth  magnitudes.  By 
his  researches  on  the  gauges  of  Herschel,  he  found  that,  at  a  distance 
from  the  plane  of  the  Milky  Way  equal  to  the  radius  of  a  sphere  com- 
prehending the  stars  of  the  seventh  magnitude,  the  densi^  of  the  stara 
was  equal  to  0.41365,  the  mean  density  in  the  Milky  Way  being  repre- 
sented by  unity.  His  examination  of  the  zones  of  Bessel  gave  him 
0.40535  for  tlie  density  at  the  same  distance.  In  like  manner  he  found 
that,  at  a  distance  from  the  Milky  Way  equal  to  the  radius  of  a  sphere 
embracing  the  stars  of  the  eighth  magnitude,  the  density  of  the  stars,  as 
deducible  from  the  gauges  of  Herschel,  was  represented  by  0.31083; 
while,  again,  the  zones  of  Bessel  made  the  density  at  the  same  distance 
equal  to  0.28410  I.  The  near  agreement  of  the  results  for  both  classes 
of  stars  must,  indeed,  be  regarded  as  very  remarkable,  especially  when 
we  take  into  consideration  the  very  different  sources  from  which  they 
were  in  each  case  derived.  It  may  be  remarked,  however,  that  the  obser- 
vations from  which  these  results  were  derived,  however  trustworthy  they 
may  be  in  point  of  accuracy,  can  hardly  be  allowed  to  constitute  a  suf- 
ficiently ample  basis  for  establishing  beyond  doubt  so  extensive  a  conclu- 

•  PhiL  Trans.,  1785,  p.  247. 

t  Herschel  cites  biz  of  such  observations  in  a  paper  inserted  in  the  PhUotophical  Tram- 
metionM  for  1817  (pp.  925,  26,  27),  and  four  additional  ohsenrations  of  the  same  nature 
in  a  Mper  published  in  the  following  year  (^PhU.  Traiu.,  1818,  p.  463). 

t  jStudes  d'Astronomie  Stellaire,  p.  77. 
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sion  as  that  relative  to  the  law  of  the  distribution  of  the  stars.  M<neover, 
the  results  of  Sir  John  HerscheVs  ganges  in  the  soothem  hemisphere 
woald  seem  to  indicate,  that  for  the  stars  in  the  vicinity  of  the  son  a 
different  law  of  density  prevails  from  that  deduced  by  M.  Strove*. 
On  the  other  hand,  the  hypothesis  of  a  gradual  diminution  of  the  den- 
sity of  the  stars  in  the  plane  of  the  Milky  Way,  as  well  as  in  a  direction 
perpendicular  to  that  plane,  is  not  only  consonant  to  sound  philosophy, 
but  is  also  strongly  suggested  by  analogy  from  observations  of  the  arrange- 
ments prevailing  Uiroughout  the  other  systems  of  the  sidereal  universe. 

The  other  alternative  saggested  by  M.  Struve,  as  an  explanation  of  the 
inconsistency  between  theory  and  observation,  which  he  encountered  in 
the  course  of  his  researches ;  namely,  the  hypothesis  of  a  gradoal  extine- 
tion  of  light  in  its  passage  through  the  celestial  regions,  has  been  objected 
to  on  very  strong  grounds  by  Sir  John  Herschel.  If  such  an  hypothesis 
were  true,  we  might  reasonably  presume  that,  in  consequence  of  the  light 
being  everywhere  extinguished  at  the  same  distance,  the  Milky  Way 
would  present  a  uniform  aspect  throughout  its  course.  As,  however, 
observations  of  the  actual  aspect  of  the  Milky  Way  do  not  accord  with 
this  conclusion,  the  hypothesis  from  which  it  is  deduced  is  numifestly 
inadmissible. 

It  is  very  evident,  that  in  the  present  state  of  sidereal  astronomy  the 
interesting  question  proposed  by  M .  Struve,  and  discussed  with  so  mndi 
ability  by  that  astronomer,  does  not  admit  of  a  definitive  solution.    To 
attain  this  end  it  will  be  desirable  to  institute  an  extensive  series  of  obser- 
vations relative  to  the  apparent  distribution  of  the  stars,  both  in  the 
Milky  Way  and  in  a  variety  of  other  positions,  vrith  respect  to  the  plane 
of  the  Gralactic  circle,  employing  at  the  same  time  telescopes  of  different 
apertures.     By  such  means  alone  can  we  reasonably  hope  to  arrive  at 
reliable  conclusions   relative   to  the  constitution  of  the  great  sidereal 
system,  which  presents  itself  to  our  observation  under  the  aspect  of  the 
Milky  Way,  and  of  which  the  sun,  as  well  as  the  greater  number  of  the 
stars  visible  even  in  the  most  powerful  telescopes,  may  be  regarded  in  all 
probability  as  so  many  of  the  constituent  bodies. 

*  See  the  table  of  apparent  densities  for  stars  of  different  mafnitudes,  nhich  Sir  Ma 
Herschel  has  given  at  page  382  of  hi*  ReaulU  of  AOroaomical  Observationa  atthtOft 
qf  Good  Hope,  ^v. 
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I. 

Illustrations  of  Planetary  Pebtcbbatiox. 

It  is  not  intended  here  to  attempt  a  detailed  exposition  of  the  principles 
of  Planetaiy  Perturbation.  The  object  of  the  following  remarks  is 
mainly  to  elucidate  the  peculiar  features  of  perturbation  which  characterise 
tbe  mutual  action  of  two  revolving  bodies,  the  mean  motion  of  one  of 
which  around  the  central  body  is  almost  exactly  double  the  mean  motion 
of  the  other.  Several  examples  of  this  mode  of  perturbation  occur  in 
Physical  Astronomy,  one  of  the  most  interesting  of  which  relates  to 
the  mntoal  action  of  Uranus  and  Neptune ;  and  it  is  chiefly  with  the  view 
of  exhibiting  its  influence  in  the  theory  of  these  planets  that  the  series  of 
illustrative  notes,  which  we  now  submit  to  the  attention  of  the  reader, 
have  been  drawn  up. 

(1.)  Let  us  suppose  a  body  to  receive  an  impulse  in  free  space,  and  to  be 
sul^ectedat  every  instant  to  the  action  of  a  force  tending  to  a  fixed  point  s. 

Let  p  represent  the  initial 
position  of  the  body,  and  let 
us  first  suppose  it  to  be  pro- 
jected in  the  direction  pt,  so 
that  the  angle  s  p  t  is  obtuse. 
If  it  was  not  acted  upon  after- 
wards by  any  force,  it  would 
advance  along  ft  with  a  uni- 
form velocity  depending  on 
the  intensity  of  the  impulse ; 
and  the  angle  contained  be- 
tween the  radius  vector  and 
the  line  p  t,  representing  the 
direction  of  motion,  would  con- 
tinually increase.  The  central 
force  at  s,  however,  by  its  in- 
cessant action,  prevents  the 
body  from  moving  in  the  same  direction  during  any  assignable  interval  of 
time,  however  short ;  so  that  while  the  body  would  have  described  the 
small  space  p  q  with  the  velocity  due  to  the  impulse,  it  is  in  reality  con- 
strained to  move  in  the  curvilinear  arc  pb;  and  the  angle  contained 
between  the  direction  of  motion  and  the  radius  vector,  instead  of  being 
oqoal  to  s  Q  t,  is  now  equal  only  to  s  r  x.  It  appears,  therefore,  that  the 
central  force  tends  to  make  the  angle  contained  between  the  direction  of 
motion  and  the  radius  vector  les$  than  it  would  be,  if  the  body  had  pro- 
ceeded in  the  direction  of  the  impulse.  The  same  remark  evidently 
applies  to  the  case  in  which  the  body  is  impelled  in  the  opposite  direction 
F^,  making  an  acute  angle  with  the  radius  rector. 
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(3.)  Since  tlie  central  force  nets  obliquely  at  p,  with  respect  Ui  lh«  di 
tion  of  motion,  it  does  not  draw  tbe  body  willi  its  whole  intensity  oat  of 
line  p  T.  If  we  resolve  it  into  two  directions,  one  of  wliicU  is  peo^lel  to 
the  tflugent  vr,  nnd  Ibe  other  perpendicukr  to  that  line,  it  will  at  ouce 
be  seen,  that  only  the  force  wljJL-h  acts  in  tlie  latter  direction  is  effective 
Jti  pulling  the  lK)dy  into  tlie  orbit.  The  intensity  of  this  force  is  to  that 
of  the  whole  centiiJ.  force  as  the  perpendicular  upon  the  tflUgent  to  the 
radius  vector,  or  aa  s  y  to  s  k  The  remaining  element  of  the  force  tcts 
iQ  the  direction  of  the  tangent  it',  and  teuda  lo  retard  or  accelerate  the 
body,  according  as  it  is  proceeding  towards  t  or  t/,  its  intensily  being  to 
that  of  the  whole  force  as  pt  to  sp, 

(3,)  It  appeai'3,  tbeu,  that  when  a  body  is  compelled  to  reirolvo  in  a  curri- 
lijiear  orbit,  by  the  action  of  a  force  directed  constantly  lo  a  fixed  point,  its 
motion  is  continually  retarded  as  it  recedes  to  a  greater  distance  fixjiii  thft 
centre  of  force ;  while,  on  the  other  hand,  when  the  body  is  approaehlng 
the  centre  of  force,  ita.  motion  is  conliiiually  accelerated.  It  mny  be  shewn, 
by  a  strict  investigation  founded  on  dynamical  principles,  that  the  motion 
of  a  body,  when  maintained  under  such  circumstances,  is  so  regulated, 
that  the  areas  swept  over  by  the  radius  vector  are  proportional  to  the 
times  in  wliich  the  corresponding  curvilinear  spaces  are  deseribed  l»y  the 
body.  Thiis  celebrated  theorem  was  fii'st  discovered  by  Kepler,  who  found 
it  to  be  applicable  to  the  elliptic  movements  of  the  planets:  and  it  «li 
subsequently  demonstrated  by  Newton  to  be  true  in  every  coso  of 
linear  motion  depending  on  the  action  of  a  central  force.  {JPrn 
lib.  i,,  prop,  i.) 

(4.)  Altliough  th6  central  force  at  s  tends  to  mabe  the  angle  contaiacd 
between  the  direction  of  motion  and  the  mdius  yeetor  less  tbao  il  wooJd 
have  been  if  the  body  had  been  allowed  to  proceed  in  the  direction  of  th« 
impulse,  it  does  not  necessarily  follow  that  the  same  angle,  when 
eideved  solely  with  reference  to  the  orbit  in  which  the  L»ody  revolrtrj, 
actually  undergo  a  diminution  of  magnitude.    Thus,  although  the  angl« 
representing  the  new  inclination  of  the  path  df  the  budy  to  the  radtns' 
tor,  is  less  than  s  u  t,  it  is  not  necessarily  less  tljan  the  angle  a  p  t, 
senttng  the  angle  of  inclination  at  r.     lu  fact  the  angle  contained  beti 
the  line  representing  the  directiun  of  niotion  and  the  radiil;ft  veotor,  orthff 
tangential  an/jle,  as  we  sliall  hereafter  for  the  sake  of  brevity  d«nomij]ite 
it,  may  continually  increeso  or  continitally  diminish,  or  it  way  even  con- 
stantly retain  the  same  rttagnitude ;  the  question  of  its  Tariittion  at  ti)j 
givon  point  depending  on  the  circuoistances  which  determine  the  motioD 
of  the  body  at   that  point;   nt^mely,  the  relative  values  of  the  miin* 
vector,  the  tangential  angle,  the  velocity,  and  the  force.     It  is  toanifistf 
tlmt  if  the  deflection  of  motion  at  any  point  be  exactly  eqiul  to  tb* 
angular  displacement  of  the  radius  vt'ctor,  the  tangeuUAl  augU  ^2  oo^ 
vary  ;   if  it  be  greater  than  the  displacement  of  tho  radius  vector,  tb 
langeulial  angle  will  diminish ;  if  lens,  the  sanje  augle  will  increase. 

(a.)  It  may  be  demonstrated  that  if  the  velocity  of  a  body  reToWJngin 
a  curvilinear  orbit  under  the  influenco  of  a  force  tending  to  a  fixed  poi»i. 
be  less  than  that  of  a  body  revolving  at  the  same  disuace  ia  a  circoUr 
orbit  under  the  influence  of  a  force  of  equal  intensky,  direeled  lo  ihr 
centre  of  tbe  circle,  the  tangential  angle  will  diminis»h ;  but  If  the  ukpVf 
be  greater  than  that  in  a  circle  under  bimiiar  circumatances,  tbe  (engeottu 
angle  will  increase. 

(iKj  If  the  velocity  of  the  body  at  any  given  point  be  exaeilj 
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increase  nor  dimiuisb  at  that  paint;  and,  therefore,  it  may  be  regarded  na 
iavaiiable  for  au  infinitely  short  space  of  time.  If  this  relation  hold 
good  for  evety  point  of  the  orbit,  the  tangential  angle  will  always  retain 
the  same  magnitude.  The  circle  is  a  particular  example  of  the  orbit 
described  under  such  circumstances;  the  force  being  supposed  to  be 
directed  continually  to  the  centre  of  the  circle.  In  this  case  the  tan- 
gential angle  is  always  equal  to  a  right  angle.  The  orbit  generally  cor- 
responding to  any  constant  value  of  the  tangential  angle,  is  represented 
by  a  curve  termed  the  equiangular  spiral.  Newton  has  demonstrated 
{Principia,  lib.  i.,  prop,  in,),  that  the  force  required  to  maintain  a  body 
revolving  in  such  a  Bpiral,  varies  inversely  as  the  cube  of  the  distance. 

1 7. 1  Since  the  circumstances  which  determine  the  motion  of  a  body  In 
a  circle  are,  the  relative  values  of  the  distance,  velocity,  and  force,  it  is 
clear  that  the  invariability  of  the  tangential  angle,  in  any  case  of  curvl- 
linear  motion  maintained  by  a  central  force,  will  be  indepeudont  of 
the  actual  magnitude  of  the  tangential  angle  at  the  point  under  con- 

eiation. 

(H.J  We  have  seen  that  if  the  motion  of  a  body  be  supposed  to  be  free, 
after  it  has  received  an  impulse  in  any  direction,  the  angle  contained 
between  the  direction  of  motion  and  the  radius  vector  will  continually 
increaae.  Hence  if  the  angle  of  projection  be  acute,  there  is  a  point 
in  the  subsequent  path  of  the  body  at  wliich  the  direction  of  motion  ia 
perpendicular  to  the  radius  vector.  In  the  case  of  currilinear  motion,  it 
is  manifest  that  if  the  tangential  angle  at  any  point  be  acute,  it  would 
grftdnally  increase  so  as  to  became  equal  to  a  right  angle,  provided  the 
body  vtAM  allowed  to  proceed  in  the  direction  of  the  tangent.  Thus,  if  the 
body  revolving  at  v  was  allowed  to  proceed  in  the  direction  pt',  uninfluenced 
by  any  force,  the  motion  would  be  perpendicular  to  the  radius  vector ;  or, 
in  other  words,  the  tangential  angle  would  be  equal  to  a  right  angle,  when 
the  body  arrived  at  y.  Beyond  this  point  the  tangential  angle  would 
c<)ntinually  increase,  approac'hing  nearer  than  any  assignable  limit  to  two 
right  angles.  It  follows,  therefore,  that  when  the  tangential  angle  is 
acute,  the  body  is  naturally  approacliiDg  an  apse ;  and,  since  the  central 
force  generally  tends  to  diraiuisU  the  tangential  angle,  its  effect  in  such  a 
case  in  manifestly  to  retard  the  amval  of  the  body  at  the  apse.  It  it 
clear  also,  that  the  more  intense  the  central  force  is,  the  more  influential 
will  it  be  in  producing  such  an  eflect. 

(B.)  When  the  tangential  angle  is  obtuse,  the  body,  if  freo  to  move  in 
the  direction  uf  the  impulse,  would  continually  recede  from  the  position 
in  which  the  direction  of  motion  is  perpendicular  to  the  nidius  vector. 
The  central  force,  however,  by  tending  to  diminish  the  tangential  angle, 
manifestly  retards  the  recess  from  ptrpendicnlarity ;  and  if  the  deflective 
influence  of  the  force  bo  far  prevail  over  the  natural  tendency  of  the  body 
to  pei%evere  in  the  same  direction  as  to  occasion  an  actual  diminution  of 
the  tangential  angle,  the  tatter  maj  he  reduced  to  such  an  extent  a'$  to 
become  ultimately  equal  to  a  right  angle.  In  such  a  case  it  is  manifest 
that  the  more  intense  the  force  is,  the  aooner  wiU  the  perpendicularity  of 
the  motion  with  respect  to  the  radius  vector  be  effected.  It  has  been 
remarked  that  the  contrary  is  true  when  the  tangential  angle  is  acute ;  or, 
in  other  words,  when  the  body  is  approaching  an  apse,  independently 
of  the  action  of  any  force. 

(10.)  Let  us  now  consider  th«  motion  of  &  body  which,  is  compelled  to 
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revolve  in  an  elliptic  orbit  liy  the  action  of  a  foroe  directed  eooHiniallj  to 
one  of  the  foci.  Let  a.  b  c  d  represent  ibe  extremities  of  tha  w«b  of 
tie  ellipse,  and  let  the  force  tend  fco  the  focos  s.     Let  us  suppose  thm 

bcdy  to  have  been  origiEudlj  nt  ite 
upper  apse  a*  and  to  have  rei'cired  aa 
impulse  in  the  direotion  at  at  li^t 
angles,  to  c  a,  If  dd  force  aftwvHrds 
acted  upon  the  body^  it  \rould  hare  pro- 
ceeded with  a  tmiform  motion  along  the 
tangOQt  AT»  and  the  angle  contained 
between  the  direction  of  motloD  and 
the  radius  vector  would  have  continualt^ 
increased.  The  influence  of  the  force 
at  &.  boivever,  is  Bach  tbnt  \rliile  the 
f  plane t  would  have  described  the  small 
space  AQ  in  virtue  of  the  impulao,  it 
in  in  reality  couatrained  to  move  in 
the  curvilinear  arc  a  b.  The  flmount  of  Jefleciion  also  is  more  Uum  lliet 
'which  u'ould  be  required  in  order  to  mointoiji  tlie  perpendicnlahty  of  die 
motion  with  reepect  to  tbe  radius  vector :  for  the  new  taugontial  ao^ 
SBs:  is  not  only  less  than  the  obtuse  angle  sax,  but  is  even  leea  tliaa 
tlie  rij^ht  angle  sat,  representing  tbe  angle  of  projection.  From  j,  ta  ■ 
tliQ  deliection  of  motion  is  more  than  adequate  to  compensate  for  tbe 
angular  shiftiDg  of  the  radius  vector,  aud  the  tangential  angle  in  conei 
quence  diminishes.  Tbe  momeDtary  decrement  of  the  angle,  honwrer, 
continually  diminish&j  aUo  from  a,  and  liuiUlj  vanishes  altogolber  niiMI 
the  planet  arrives  at  n.  At  thig  point  of  the  orbit,  the  defiectioa 
motion  exactly  corn  pen  sates  ft>r  tbe  angular  shifting  of  the  radiua  re 
end  the  tangential  angle  remains  for  an  instant  invariable.  As  the  pi 
revolves  from  b,  the  angular  Bbifting  uf  the  radius  vector,  now  very  mpld. 
from  the  cqn tinned  acceleration  of  the  planet,  e^Lcecds  ibe  «efresp«iaing 
defection  of  motion;  and  the  tangential  angle  gradually  opens  titd, 
becoming  again  equal  to  a  right  angle  at  q,  when  the  radius  vector 
aweptover  au  arc  of  190"  from  a.  At  this  point,  therefore,  the  dii 
of  motion  represented  by  the  tangent  c  v,  is  exactly  opposite  to  tiM 
tion  of  the  original  impulse.  As  the  plauet  revolves  from  c  to  s. 
momentary  detlectiou  of  motion  is  still  inadequate  to  compeiu&te  for  i 
angular  displaocmont  of  the  radius  vector,  and  the  tangential  en^  < 
tinues  to  ojien  out  The  niotnentary  increment  of  the  aogla,  bowetcr* 
which  increased  from  notliing  at  b,  until  it  attained  it^  tnaximam  tt<V 
has  since  been  continually  diminishing,  and  Jlnaliy  vantaheA  w&eo  dv 
planet  arrives  at  n.  At  tliis  point  the  dellecti43u  of  motiou  aUMn  esMlfy 
compensates  for  the  angular  displacement  of  the  radius  vector,  and  the 
tnngential  anglo  for  an  instant  neitlier  inerea8ea  uor  diminiabes.  Ai  tin) 
Iplanet  revolves  from  d.  the  deflection  of  motion  is  now  more  Uha  «d»- 
[i|uate  to  compensate  for  the  angular  shifting  of  the  radios  vector;  anJ,  M 
neoeraa^  consequcnco,  the  tangential  angle  diminishes,  licconiing  ooM 
more  equal  to  a  right  angle  when  the  planet  has  rt^turned  to  ita 
position  A.  Tho  momentar}-  decrement  of  the  angle  iDoreases  from 
at  n,  until  it  attains  its  maximuni  at  a;  from  which  point  it  ooc 
diminishes,  and  finally  vanishes  at  b.  as  haa  been  alreuj  stated. 

(11.)  It  appears,  then,  that  when  the  planet  is  re?olm|^  fRMn 
distance  to  mean  distance  through  the  lower  apse,  tho  dedeotioa  of 
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occasioned  at  each  successive  instant  by  the  action  of  the  central  force,  is 
inadequate  to  compensate  for  the  angular  shifting  of  the  radius  vector, 
and  the  tangential  angle  in  consequence  continually  enlarges;  but,  on 
the  other  hand,  v/hen  the  bodj  is  revolving  from  mean  distance  to  mean 
distance  tfanH^  the  npper  apse,  the  deflection  of  motion  is  more  than 
adequate  to  compensate  for  the  angular  shifting  of  the  radius  vector,  and 
the  tangential  angle  in  consequence  continually  diminishes.  Hence  the 
tangential  angle  attains  its  greatest  contraction  when  the  planet  in  the 
course  of  descending  to  the  lower  apse  has  arrived  at  the  mean  distance, 
md  it  has  opened  out  to  its  greatest  extent  when,  in  the  course  of  ascend- 
ing to  the  upper  apse,  the  planet  has  again  receded  as  far  as  the  mean 
distance.  In  the  former  case  it  will  be  represented  by  s  b  v,  and  in  the 
latter  by  its  supplement  s  d  z.  Moreover,  the  enlargement  of  the  tan- 
gential angle  is  most  rapid  when  the  planet  is  passing  through  the  lower 
apse,  and  its  diminution  most  rapid  at  the  upper  apse;  while  again, 
in  each  of  the  positions  of  mean  distance,  it  remains  for  an  instant  in- 
variable. 

(13.)  It  has  been  stated  (6),  that  if,  in  any  case  of  a  body  revolving  in 
a  carvilinear  orbit,  under  the  influence  of  a  force  tending  continually  to  a 
fixed  point,  the  deflection  of  motion  caused  by  the  force  at  any  assigned 
point,  should  exactly  compensate  for  the  angular  displacement  of  the 
radios  vector,  so  that  the  tangential  angle  should  remain  for  an  instant 
invariable,  the  velocity  at  that  point  is  equal  to  the  velocity  in  a  circle  at 
the  same  distance.  Now,  since  in  the  foregoing  case  the  tangential  angle 
remains  for  an  instant  invariable  when  the  planet  is  at  the  mean  distance, 
we  may  conclude  that  the  velocity  is  then  equal  to  the  velocity  in  a  circle 
at  the  same  distance.  This  theorem  was  originally  deduced  by  Newton 
firom  his  investigation  of  the  laws  of  elliptic  motion  maintained  by 
the  action  of  a  force  tending  to  the  focus  {Prineipia,  lib.  i.,  prop.  xvL, 
cor.  4.). 

(13.)  Let  OS  now  suppose  a  planet  to  be  revolving  in  an  elliptic  orbit, 
and  to  be  disturbed  by  a  small  force  acting  for  a  short  space  of  time  in 
the  direction  of  the  radius  vector.  Let  us  assume  the  eccentricity  of  the 
oihit  to  be  so  inconsiderable  that  the  radius  vector  does  not  deviate  sen- 
sibly from  a  perpendicular  to  the  planet's  motion.  In  such  a  case  the 
distorbing  force  tends  wholly  to  increase  or  diminish  the  tangential  angle 
ftooording  as  it  acts  outwards  or  inwards  with  respect  to  the  central  force. 
Let  us  suppose  it  to  act  inwards  so  as  to  diminish  the  tangential  angle, 
and  let  us  first  consider  the  case  in  which  it  disturbs  the  planet  a  little 
after  the  passage  of  the  perihelion.     Since  the  tangential  angle  is  in  the 

course  of  opening  out,  the  action  of  the 
disturbing  force  will  make  it  equal  to  the 
tangential  angle  at  q,  a  point  less  advanced 
in  the  orbit.  Now  when  the  planet  is  in 
the  vicinity  of  either  apse,  its  distance 
from  the  focus  varies  very  slowly,  and  the 
same  is  true  respecting  the  velocity  and 
the  force.  Hence  the  circumstances  which 
determine  the  path  of  the  planet  at  p  and  q  may  be  regarded  as  identical. 
The  new  orbit  of  the  planet  may  therefore  be  represented  by  supposing 
the  Une  of  apsides  of  the  original  ellipse  to  have  revolved  in  the  direc- 
tion of  the  planet's  motion  trough  an  angle  equal  to  p  s  q.    In  other 
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words,  the  effect  of  the  digturbing  force  ia  to  make  ilie  line  of  apsidat^ 
progress. 

(U.)  It  is  manifest  tliat  the  increment  of  the  tAogentiftl  angle  iu  piBa- 
ing  from  q  to  p  is  equal  to  the  escefis  of  the  angular  diaitlaceraent  of  ibi 
radius  x*ectoi"  over  the  absolute  deflection  of  motion  covrespouding  to 
arc  included  between  the  same  two  points.  Hence  the  diniinutiou  of 
tangential  angle  at  p  due  to  the  disturbing  force  is  Us$  than  the  angle 
p  8  Q  representing  the  progression  of  the  apsides,  by  the  abaiolute  deflec- 
tion of  the  motion  of  the  planet  in  passing  froin  q  to  p. 

(15.)  Let  us  now  euppose  that  p  has  revolved  to  a  sufficient  dist 
from  the  perihelion  to  occasion  a.  sensible  difference  iu  the  circumstATifi 
of  motion  at  p  and  g.      We  have  seen  (U)  that  the  effeet  of  this  difl** 
ence  is  such  a&  to  make  the  tangential  anglti  open  out  more  sIowIt  At  p 
than  at  Q.     Hence  it  is  evident,  that  if  we  trace  back  the  motion  of  ihie 

filanet  in  the  new  orbit  from  p,  the  place  of  the  perihelioti  will  be  reached 
ater  than  if  tha  motion  had  been  similarly  traced  back  from  q,  tbe  place 
of  the  correspondicg  tangential  augle  in  the  original  orbit.  The  line  of 
apsides  in  this  case  viiU  therefore  have  advanced  through  an  angle  aba' 
(see  the  figure  on  the  preceding  page),  which  will  be  somewhat  Uu  thau 
the  angle  pb  q.  It  is  manifest  also,  from  the  circumstance  of  tlie  vdlocitj 
and  force  at  p  being  less  tlian  the  velocity  and  force  at  n,  that  the  motion 
of  the  jjlanet  at  tbe  lower  apse  will  now  be  slower  than  it  was  in  tbe 
onginal  orbit;  and  since  the  area  momentarily  described  by  tlie  radiui  vec- 
tor is  not  altered  by  tho  disturbing  force,  it  foUows  that  the  perihlioa  dis^ 
lance  of  the  planet  will  be  greater  thao  it  formerly  was.  Now,  the  mean 
distauco  being  independent  of  the  disturbing  force  (inasmuch  as  its  direct 
affect  is  supposed  to  be  coniined  to  an  alteration  of  the  tangential  angle), 
lit  is  a  necessary  consequence  of  the  perihelion  distance  beuig  tjreat*r  that 
[the  aphelion  distance  should  be  lcs9.  It  is  manifest,  therefore,  that  \Mh 
IBidea  causing  a  progreasion  of  the  apsides,  the  disturbing  force  tends  tfl 
diminish  the  eccentricity  ag  the  planet  revolves  from  the  perihelion, 

(IB,)  It  is  easy  to  perceive,  from  geometrical  considerations,  that  tbe 
(eccentricity  is  diminished  by  the  disturbing  force,  for  tinless  the  perihe- 
Wiou  distance  of  the  new  ellipse  was  somewhat  greater  tlian  that  of  the 
undistuj-bed  ellipse,  it  would  bo  impossible  for  the  two  orbits  to  inttncct 
each  other  in  p,  so  that  the  planet  should  subsoquentJy  move  within  itt 
I  original  path— a  condition  necessarily  implied  by  the  diminution  of  tlrt 
tangential  angle  at  that  poiuL 

(IT.)  Let  us  now  suppose  that  the  planet  while  receding  from  tlie  nn 
has  arrived  at  the  mean  distance,  and  let  the  disturbing  force  act 

this  point  the  momentary  variat 

of    the   tangential    ancle  vanisli 

Now,  it  has  been  remarked  (7)  that 

the  fulfilment  of  tliiscotr^'*'  •■  '^  in* 

dependent  of  the  actuul  .U 

of  the  tangential  angle ;  u  ^^  i  a  i  n< 

fore  still  bold  good  in  tlm  pi 

case,  notwithstanding  the  dtmiaut 

of  the  taogential  angle  occasiooed  I 

^the  action  of  the  disturbing  force.    But  the  point  at  fthlcb  th«  nu 

rariation  of  the  tangential  angle  ranishes,  is  that  at  mlmh  the  atme  ta^ 

h  a  nmximum  or  a  mini  mum  j  and  in  an  elliptic  orbit  if  one  of  tl>e  pomtl 
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of  mean  distance.  Hence  it  follows  that  in  the  new,  as  well  as  in  the 
ondistnrbed  ellipse,  the  planet  is  at  the  mean  distance.  Let  p  denote  the 
place  of  the  planet,  p  t  Uie  tangent  of  the  undisturbed  orbit,  and  p  t'  the 
tangent  of  the  new  orbit.  Now,  since  in  an  ellipse  the  tangent  at  either 
extremity  of  the  minor  axis  is  parallel  to  the  m^or  axis,  the  position  of 
the  latter  will  be  determined  by  drawing  a'  s  b'  parallel  to  p  t'.  The  line 
of  apsides  has  therefore  progressed  through  an  angle  equal  to  the  amount 
of  deflection  occasioned  by  the  disturbing  force. 

(18.)  The  eccentricity  of  the  new  ellipse  will  be  determined  by  the 
angle  s  p  t',  representing  the  maximum  value  of  the  tangential  angle. 
The  greater  this  angle  is  the  more  eccentric  is  the  ellipse.  In  the  present 
case  tins  angle  is  less  than  it  was  in  the  undisturbed  orbit.  Hence  it 
appears  that  the  eccentricity  is  diminUhed  by  the  action  of  the  disturbing 
force. 

(19.)  Let  the  planet  now  be  moving  towards  the  aphelion,  and,  when  it 
has  arrived  at  p,  let  it  be  disturbed  by  a  small  force  tending  to  increase 
the  central  force  at  s.    Since  the  tangential  angle  is  now  in  the  course  of 

contracting,  the  immediate  effect  of  the 
disturbing  force  will  be  to  make  it  equal 
to  the  tangential  angle  at  q,  a  point  more 
advanced  in  the  orbit ;  and  since  the  dis- 
tance, velocity,  and  force  may  be  supposed 
to  be  equal  at  p  and  q,  m  consequence  of  the 
vicinity  of  the  planet  to  the  apse,  the  cir- 
cumstances which  determine  its  path  may 
be  regarded  as  identical  at  those  points. 
Hence,  the  new  orbit  of  the  planet  may 
be  represented  by  supposing  the  major  axis  of  the  original  ellipse  to 
have  revolved  through  an  angle  equal  to  p  s  g,  in  a  direction  contrary  to 
that  of  the  planet's  motion;  in  other  words,  the  line  of  apsides  has 
regressed. 

(20.)  In  the  foregoing  case  it  has  been  assumed  that  the  circumstances 
of  motion  at  p  and  q  are  identical.  Let  us  suppose,  however,  that  while 
the  planet  is  moving  towards  the  aphelion,  its  distance  from  the  apse  at 
the  instant  when  the  disturbing  force  acts,  is  sufficiently  great  to  occasion 
a  sensible  difference  in  the  circumstances  of  motion  at  p  and  q.  Since 
the  tangential  angle  is  closing  more  slowly  at  p  than  at  q  (11)  the  planet 
will  be  somewhat  longer  of  arriving  at  the  apse  in  the  new  orbit  than  if  it 
had  started  in  the  original  orbit  from  q.  Hence  it  is  obvious  that  the 
line  of  apsides  will  have  revolved  through  an  angle  b  s  b'  (see  the  above 
fignre),  somewhat  Uts  than  the  angle  p  s  q.  In  this  case,  then,  the  regi*es- 
sion  of  the  apsides  is  less  considerable  than  that  which  results  when  the 
planet  is  in  the  immediate  vicinity  of  the  apse.  Again,  since  the  velocity 
at  F  is  presumed  to  be  sensibly  greater  than  that  at  q,  while  at  the  same 
time  the  motion  of  the  planet  in  either  case  is  almost  perpendicular  to 
the  radius  vector,  it  is  clear  that  the  velocity  of  the  planet  at  the  aphelion 
'will  now  be  quicker  than  it  was  in  the  original  orbit.  The  eccentricity 
has  therefore  been  diminished  by  the  disturbing  force.  This,  indeed,  is 
zeadily  perceived  from  the  mode  in  which  the  two  ellipses  intersect  each 
other ;  for  the  aphelion  distance  of  the  new  orbit  is  manifestly  less  than 
that  of  the  original  orbit. 

(21.)  It  will  be  found,  by  reasoning  precisely  similar  to  that  employed 
ahove,  that  when  the  planet  is  revolving  from  the  aphelion  to  the  perihe- 
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Moti^  the  line  of  ftfieides  irill  riffisss  if  the  ihtaxbing  force  ehould 
afier  the  posuge  of  tha  a[)lLeUou,  but  will  proffre$»  if  it  should  acL  ax 
mean  distauoe  or  before  the  passage  of  the  perihelion^  while  •gwii^i 
4>ocer)trioity  in  each  of  th^se  three  cases  vtill  be  incr^sed  hj  the  dist 
force. 

{^2,)  We  have  seen  that  if  the  disturbing  force  should  act  «bett 
planet  m  at  the  p^riheliuu,  the  effect  is  then  thrown  whoUjr  upon  1 
apskle.^,  which  mpidly  proffna;  that  at  the  mean  diatanoe  the  apd" 
also  progress,  (though  with  less  rapidity,  the  efibofc  now  bttug  diii 
partly  upoti  the  apsides  and  partly  on  ihe  eeeantcietty) :  but 
^  the  disturbing  force  acta  when  the  planet  >rnTes  at  the  apbeiioiD, 
the  effect  is  again  ihro^ni  \?holly  upon  the  apaidaSi  which,  however,  m  tlua 
case  nyrwM.  Hence  it.  k  obvious,  that  there  must  be  tome  iDtermetUlIt 
point  of  the  orbit  between  the  mean  distance  ond  the  aphelion  at  trbkll 
the  disturbing  force  produces  no  effect  on  the  position  of  the  line  of 
apsides.  Similarly,  it  ia  mtnitei^t  that  there  must  exist  same  point  between 
the  aphelion  and  the  {^ubi^queut  point  of  mean  distance,  at  vrhich  tbe 
line  of  itpaities  does  not  undergo  any  change  of  positicm  from  the  action  of 
tlie  tlisturbing  force.  It  may  be  found  by  a  simple  investigation,  to  which 
we  shall  presiently  allude  more  particularly,  that  Uie  two  points  in  (jues- 
tion  are  the  e:itremities  f  o  of  the  orduiato  passing  through  ii  the  upper 
focua  of  the  ellipse.  In  fiict,  aa  the  planet  rei 
from  F  to  Q  til  rough  a,  the  line  of  apsidea 
where  progreaaea  from  the  action  of  the  distal 
furce.  the  umouut  of  progression  increasing  ft 
nothing  at  f  until  it  attains  ita  maximum  at  A« 
subsequently  diminishing  until  it  vanishes  a|;aLUi1 
a.  Similarly,  from  a  to  r  throu^  a,  the  Ita*  ef 
apsides  everywhere  regresses  from  the  aaoie  qbom, 
the  amotiiit  of  regres^jion  being  gtefttest  at  a«  ad 
diminishing  in  either  direction  tovrarda  r  and  o. 
{a'A.)  We  have  seen  that  if,  when  the  phntl 
_  is  revolving  from  the  lower  to  the  iip^r  ftpM.  iIm 

disturbing  force  act  a  Little  after  the  pasMge  ol  iks 
perihelion,  at  the  mean  distance,  or  a  little  bejbre  the  pMsigs  of 
aphelion,  the  eocentricity  is  in  ea.ch  cai^e  diminiMhad:  but  that*  0tt 
Other  hand,  when  the  planet  ia  revolving  from  the  upper  to  thA 
Apee.  the  ecoentrictty  in  each  of  the  carres[joDditig  casee  ia  iiicrf  trfl 
the  notion  of  the  disturbing  force.     Genentlly  it  may  bo  shewiii  tbat 

A  to  B  through  0  the  eocentricity  is  everywhere  dimiuisbed  bjr  tJho        

of  thi?  disturbiiig  force,  tho  ainomnt  of  diminutioB  uierauuag  from  nttttioc' 
at  A  until  it  attHiuii  its  maximum  at  a,  and  subseqtteatlf  dinuoiiiiitDg  mttt 
it  vani^ihes  at  b;  and  on  the  other  hand,  that  from  s  to  a.  liutttigti  vlfct 
eoeentriinty  is  everywhere  increased  by  the  action  of  tliA  dislBtUof,  ~ 
tlie  amount  of  increase  l>elng  greatest  at  r,  and  diminiaktBg  fima 
point  towurds  a  and  ti.  Thus  it  appears,  tlint^  when  tho  variittkni  m 
position  of  the  apsides  is  gi-eatest,  the  ^-nriation  of  the  eocentricity  is  leot 
and  vice  rend. 

('44.)  If  we  suppose  the  disturbing  force  to  act  in  the  direction  of  tbt 
VAiliuii  vector  to  as  to  diminish  the  central  force  at  e.  ttwill  be  (mukI.  ina 
iiniilur  manner,  that  the  effect  both  upon  the  ecoemricUj  an^  ifae  BpsiiUi 
ivill  now  be  precisely  the  roverse  of  tbiit  produced  wbea  thm  dbtocbfaig 
force  flots  iuwardij.     In  tliis  case  the  eceeutrictiy  will  inamaA  llroai  a  I* 
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B  through  o,  and  will  diminish  from  b  to  a  throogh  v ;  and  on  the  other 
hand,  the  apsides  will  regress  from  f  to  g  thnx^h  a,  and  will  progress 
ln>m  e  to  F  through  b.  The  points  where  the  variations  of  both  dements 
attain  their  maximam  values,  and  also  those  at  whidi  tliey  severallj 
Tuuah,  will  be  the  same  as  in  the  former  case. 

(26.)  Let  us  now  consider  the  effect  of  a  small  disturbing  force  acting 
IB  a  directi<Mi  perpendicular  to  the  radius  vector.  In  all  such  cases  the 
aooeotrici^  of  the  orbit  is  supposed  to  be  so  inconsiderable,  that  the  dis- 
tnrfaing  force  maj  be  regard^  as  acting  in  the  direction  of  the  tangent, 
and  coDseqoentlj  as  tending  wholly  either  to  accelerate  or  retard  the 
motion  of  the  planet.  Let  us  suppose,  then,  that  it  tends  to  increase  the 
Telodty  of  the  planet,  and  first  let  it  act  when  the  planet  is  at  the 
penheliMi.  The  velocity  being  now  increased,  the  central  force  will  have 
lam  control  over  the  planet,  and  the  latter  in  consequence  taking  a  wider 
sweep,  will  now  recede,  farther  at  the  mean  distance.  It  is  manifest,  also, 
abioe  the  tai^ential  angle  continually  enlarges  from  the  perihelion  to  the 
mean  distance,  that  it  will  now  open  out  to  a  greater  extent  than  it  for> 
■lerly  did.  Now,  the  greater  the  maximum  value  of  the  tangential  angle, 
the  more  eccentric  is  tiie  orbit  Hence  the  effect  of  the  disturbing  force 
is  to  increase  the  mean  distance,  and  also  the  eccentricity.  It  is  manifest 
that  the  position  of  the  line  of  apsides  cannot  suffer  any  alteration  from 
the  action  of  such  a  force. 

(36.)  Let  us  now  suppose  the  disturbing  force  to  act  at  the  apbeUon. 
Since  the  velocity  is  increased,  the  central  force  will  be  less  effective 
in  deflecting  the  motion  of  the  planet,  and  the  latter  in  consequence 
taking  a  wider  circuit,  will  not  spproach  so  near  the  centre  of  force  at 
the  mean  distance  as  it  formerly  did.  Moreover  it  is  manifest,  since  the 
diminution  of  the  tangential  angle  continues  from  the  aphelion  to  the 
mean  distance,  that  when  it  attains  its  minimum  value,  it  will  be  less 
acato  than  it  formerly  was.  Hence  the  effect  of  the  disturbing  force  in 
this  ease  is,-  to  increase  the  mean  distance,  and  to  diminish  the  eccen- 
tricity. 

(37.)  It  is  manifest  that  the  conclusions  above  deduced  are  equally 
applicable  if  we  suppose  the  disturbing  foixie  to  act  at  a  little  distance  on 
each  side  of  the  apse,  whether  the  latter  refer  to  the  perihelion  or  the 
aphelion,  for  the  circumstances  which  determine  the  path  of  the  planet 
are  then  almost  the  same  as  if  the  disturbing  force  had  acted  exactly  at 
thei^pse. 

(38.)  Let  us  suppose  the  planet  to  be  revolving  from  the  lower  to  the 
i]|iper  apse,  and  let  the  disturbing  force  act  when  it  has  arrived  at  the 

mean  distance  £.  At  this  point  the 
deflection  of  motion  in  the  undis- 
turbed orbit  exactly  compensates  for 
the  angular  displacement  of  the  radius 
vector,  and  the  tangential  angle  in 
consequence  remains  for  an  instant 
invariable.  The  velocity  of  the  planet, 
however,  being  now  increased  by  the 
action  of  the  disturbing  force,  the 
momentary  deflection  of  motion  will 
be  diminished,  and  therefore  the  tan- 
gential angle  will  still  continue  to  open  out.  Let  e'  be  the  point  at  which 
the  momentary  deflection  of  motion  in  the  new  orbit  is  equal  to  the  cor- 


^n 


AFPEHniX, 


responding  change  of  direcdou  of  ihe  radius  vector,  and  lei  t^Y 
taugeut  to  the  orbit  at  tliat  point.  Then,  since  the  angle  s  k'  t'  is 
than  s  E  T,  it  follows  that  the  eccentricitjf  is  increased  by  the  diaturblfig; 
force.  It  is  evident,  however,  that  the  increase  of  that  element  is  Ttiy 
small,  for  the  planet  is  in  the  most  favourable  position  for  the  retardation 
of  its  motion  by  the  central  force,  and  conaequently  the  deSectioQ  of 
motion  is  ijpeedily  brought  to  an  equality  with  the  angular  displacoment 
of  tbe  radius  vector.  The  position  of  the  major  axis  of  the  new  orbit  wiU 
be  determined  by  drawing  a'  b'  parallel  to  e'  t',  vrbem'e  it  is  evident  that 
the  line  of  apsides  bos  profjressed ,  It  may  be  shewn,  in  a  similar  majmer, 
^at  when  the  planet  is  revolving  from  the  upper  to  the  lower  apse,  the 
effect  of  the  disturbing  force  at  the  mean  distance  is,  to  diminUk  the 
eccentricity,  and  to  make  the  line  of  apsides  regrest.  In  every  point  of 
the  orbit,  the  mean  distance  is  obviously  increased  by  the  action  of  ih» 
disturbing  force. 

(•2fl.)  Since  the  eccentricity  h  increased  at  e  and  diminiahed  at  b  by  Uie 
action  of  the  disturbing  force,  it  is  evident  that  there  is  some  intermediate 
point  at  which  the  disturbing  force  produces  no  eft'ect  upon  that  elemeoit 
For  n  similar  reason,  there  must  be  same  point  between  b  and  tbe  fcdlov- 
ing  point  of  mean  distance  at  which  the  eccentricity  does  not  undergo  a«T 
change  from  the  aclion  of  the  disturbing  force.  These  neutral  points  are 
found  b)'  strict  investigation  to  be  F  o.  tbe  extremities  of  the  ordinate  paxs^ 
ing  through  the  upper  focus  uf  the  elhpse.    (See  the  figure  at  page  590,L 

(30.)  Qenerslly  it  may  be  shewn,  that  from  f  to  a  through  a,  the  eccen- 
tricity is  everywhere  increased  by  the  action  of  tlie  disturbing  forde,  ih* 
variation  increasing  from  nothing  at  f  until  it  attains  its  maximum  at  a, 
and  subsequently  diminishing  by  equal  degrees  until  it  vanishes  at  a. 
On  the  other  hand,  from  o  to  f  through  »,  the  eccentricity  is  «Teiy» 
where  diminished  by  the  action  of  the  disturbing  force,  the  variAlioa 
being  a  maximum  at  fi,  from  wliirh  point  it  diminishes  tofvarda  v  and  «i. 

(31.)  With  respect  to  the  Hne  of  apsides,  it  has  been  fi>und  to  pinaytia 
if  the  planet,  while  revolving  fmm  the  periheHon  to  the  aphelion*  ^fc*"!*!  ^ 
be  at  tbe  mean  distance  when  the  disturbing  force  acts,  and  to  fV«^M^| 
if  the  planet,  in   the  course  of  revolving  from  aphelion  to  p<)rtboV^^| 
should  htive  arrived  at  the  corresponding  point  of  the  orbit;  whil€>,  again, 
at  either  apse  it  does  not  undergo  any  change  of  position.     GencralWit 
may  be  shewn,  that  from  a  to  b  through  a,  the  line  of  api^ides  progiiici. 
and  that  from  s  to.  a  through  f,  it  regresses,  the  variation  attaining  ila 
maximum  values  at  r  and  o,  and  vanishing  at  a  and  u.     Thus  it  appear*, 
that  in  passing  from  a  disturbing  force  acting  in  the  direction  of  tha 
radius  vector,  to  one  acting  at  right  angles  to  that  direction,  an  tntet- 
change  takes  place  between  the  points  of  maxima  and  minima  of  tli^ 
variations  of  the  eccentricity  and  the  apse. 

(3iJ,)  If  the  disturbing  force  act  in  a  direction  contrary  to  thut  of  th* 
planet  a  motion  so  as  to  diminish  the  velocity,  the  effects  produced  opos 
the  eccentricity  and  the  line  of  apsides  will  be  precisely  the  rererve  *f 
those  aboveroentioned.  The  eccentricity  will  increase  from  a  to  B 
through  o,  and  will  diminish  from  b  to  a  through  fi  while  again  tli«  llM 
of  ap&ides  will  regress  from  v  to  o  through  a,  and  will  progress  from  O  l» 
r  through  h.  Moreover  the  points  at  which  the  varimions  attain 
niaJtimum  values,  and  also  those  at  vihich  they  vanish,  will  bo  tbe 
«s  in  the  caso  wherein  the  disturbing  force  tends  to  iucreaa*  the  Tiiod^ 
of  tho  planet. 
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(33.)  Th&  variation  induced  in  the  position  of  the  line  of  apsides  by  a  lUs- 
torbing  force  of  given  intensity  is  grealer,  as  the  eccentiicitjF  of  the  orbit  is 
less.  The  truth  of  this  proposition  will  appe»r  manifest  on  a  very  slight 
consideration  of  the  subject.  It  is  easilj  seen  that  a  variation  in  the  posi- 
tion of  the  line  of  apsides  is  tantamount  to  a  variation  of  the  tangential 
Angle  in  any  point  of  the  orbit.  Now  the  variulion  of  the  tangential  angle 
is  ftlovar  as  tne  eccentricity  is  less,  the  differeaca  between  its  least  and 
greatest  values  continually  diminishing,  until  at  length,  H'ben  the  orbit 
becomes  a  circle,  the  difference  vanishes  altogether,  and  the  tatigenlial 
angle  is  constantly  of  the  same  magnitude.  The  same  is  obviously  true 
if  uie  difference  refer  to  any  two  values  of  the  tangential  angle  compre- 
hended within  the  extreme  values.  Hence  it  follows  that  the  displace^ 
ment  of  the  line  of  apsides  which  will  he  required  in  order  to  adapt  the 
orbit  to  a  given  alteration  in  the  mngiiitude  of  the  tangential  angle  due  to 
a  disturbiug  force  of  given  intensity  at  any  point,  will  be  greater  as  the 
eccentricity  of  the  orbit  i»  less. 

(34.)  Since  the  tangential  angle  varies  to  a  greater  extent  as  the  disturb- 
iug force  ia  more  intense,  we  mtiy  therefore  infer  conversely,  that  in  order 
to  induce  an  alteration  of  given  msgnititde  in  the  poaition  of  the  line  of 
apaidea,  the  inteuaity  of  the  disturbiitg  force  must  he  greater  aa  the  orbit 
ia  more  eccentric. 

(35.)  Hitherto  we  have  supposed  the  disturbing  force  to  act  for  a  short 
space  of  time  and  then  to  cease.  If  its  action  be  constantly  kept  up  as  in 
every  <aso  of  planetary  perturbation,  the  alteration  effected  in  any  of  the 
elements  of  the  orbit  during  a  given  inten'al  of  time,  may  be  ascertained 
by  investigating  the  change  for  each  successive  instant,  and  then  sum- 
ming up  tlie  results.  It  is  easy  by  means  of  the  foregoing  principles  to 
datermine  the  churacler  of  Uie  effect  produced  iu  any  such  case,  although 
its  exact  amount  can  only  bo  ascertained  by  a  process  of  compulatioti 
bftved  on  the  principles  of  the  intinitesimal  eakulua. 

(S6.)  Mr,  Airy  has  shewn  (Gravitation,  notti  to  Aft*.  60  and  651,  that 
by  ft  slight  modification  of  the  figure  given  by  Newton  in  Prop.  XVII.  of 
the  first  book  of  the  Prlnclpia,  the  effects  produced  on  the  eccentricity 
and  the  position  of  the  line  of  aphides  by  a  force  acting  either  in  the  di- 
rection of  the  radius  vector,  or  along  the  tangent  of  the  orbit,  moy  be 
clearly  exhibited  to  the  eye.  Sir  John  Herschel  has  actually  employed 
this  mode  of  expounding  the  variationa  of  the  elements  in  question  in  his 
recently-published  Ouiiinet  of  Astronomy.  The  simplicity  and  elegance 
of  the  investigation  will  amply  justify  its  insertion  here. 

(37.)  First  let  us  suppose  the  diglurbiug  force  to  act  in  the  direction  of 
the  radius  vector,  eo  as  to  increase  the  attractive  force  at  s.     We  have 

seen  that  the  direct  effect  of  such  a  force  is 
to  diminish  the  tangential  angle.  Let  it  act 
at  p,  and  let  the  tangent  t  t*  at  that  point  be 
deflected  in  consequence,  so  as  now  to  occupy 
the  position  x  %'.  Draw  p  ii'  so  that  the 
angle  h'  p  x'  shall  be  equal  to  s  f  x,  the  new 
value  of  the  tangential  angle.  From  p*  set  off 
p  h'  equal  to  P  b.  Bisect  s  h*  in  c'.  Then  h  8  c' 
the  new  eccentricity  of  the  orbit,  and  a'*  h'b' 
the  new  position  of  the  line  of  apsides.  For, 
by  the  property  of  the  ellipse,  the  two  lines 
dnwn  from  any  given  point  of  it  to  the  foci  make  equal  angles  with  the 
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tangent.  Hence  the  upper  focus  of  the  new  ellipse  must  be 
in  the  line  p  h'.  Again,  by  another  properly  cf  the  ellipsis,  the  soib  of 
etme  two  lines  is  equal  to  the  major  ftxie.  Hence  b  and  h'  will  represent 
the  foci  of  an  ellipse  whose  tangential  angle  at  f  is  equal  to  a  p  s,  ft&il 
■whose  major  axis  >a  equal  to  that  of  the  undisturhed  orbit.  But  I>t  the 
principfes  of  dynamics,  the  major  axis  of  the  ellipse  is  not  al|«rv«d  bj 
the  disturbing  force.  Hence  the  truth  of  the  proprasition  is  nimiifMH. 
By  varying  the  position  of  p,  and  fjupposiug  the  disturbing 
tending  either  to  increase  or  diminish  the  attractive  force  At 
different  results  Teferred  to  in  (2!i),  (33),  and  ('24)  may  bo  leiy 
deduced. 

(38.)  Next  let  the  disturbing  for^e  act  in  the  direction  of  the 
BO  as  to  retard  or  accelerate  the  velocity  of  the  planet.  Let  it  W 
poaed  to  increase  the  velocity  and  let  p  he  the  point  at  'which  it  acts. 
this  case  the  tangential  angle  al  p  id 
aflected  by  the  difitarbing  force,  but  tlit 
axis  of  the  ellipse  is  increased  by  iti  i 
Froduoe  f  n  so  that  h  a'  may  r^reMOt  tlie 
increment  of  the  major  ads  occasioiied  bytbft 
diiiturhing  force.  Join  s  h^,  and  Tamt0t  tine 
line  s  H  in  c'.  Tbeu  will  e  c'  repgrcMot  di# 
new  eccentricity  of  the  orbit,  sadA'tl's' 
the  uew  position  of  the  line  of  apsideB.  Il# 
truth  of  this  proposition  i^  so  obrioos  ■  \fi 
render  nny  formal  demonstration  of  k  mf^t- 
fluouB.  The  various  thcorenjg  announced  in  (30),  (31 1,  and  3"i)  an  wmj 
deducihle  from  it. 


Mti 


^r* 


M_ 


IL 

APFLIOATIO^'    OF  THE   FO&EaDtKS  PRINCIPLES  TO  CERTAIX  rj^iig^  Q^  MtSiS. 

PEBTTJEBATION. 

(39).  Let  QB  suppose  two  comparatiirelj  small  bodies  to  be  mnlviiff  is 
circular  orbits  sitiint^  in  the  same  plane,  round  a  large  central  hndy  a,  tM  kt 
the  mean  motion  of  the  interior  revolving  body  be  aiino«t'PXiit-tlv  ilnuWn  tkc 
mean  motion  of  the  exterior  one.  Let  ub  assume  aim,  for  faci  i  jmt 

tion,  that  the  ejtteiior  body  maintainB  a  flved  position  at  p  « i  .....jior 

body  performs  an  en  ti  i 
a.  Join  8  r  bya  8traigi>>  • 
orbit  of  the  interior  body  in  a  waii^- 

iThen  B  a  p  will  represeot  ibe  Iwi  d 
conjunction  of  the  two  bodie*.    Nov  is 
those  cases  of  the  solar  tyttitm  wImi^ 
I    in  the  mean  motion  of  odo  mahM| 
/    body  is  almi»t  extctlj  dotiUe  the  flMiB 
/     motion  of  the  other,  tneelliBeU  nrodboil 
/      by  the  mau  'tmtion  of^tlM  t*« 

bodies  arc  .  -  »Qly  qmt  eot^jV^ 

tion.  Let  u;«  supiiote  ihftt  in  ena  (f 
euch  fiftsee  the  disturbing  influence  of  the  exterior  body  first  tMOOnM  M^ 
sihlpi  ifthen  tbc  interior  body  has  arrived  at  b,  a  position  sopitwbit  Imi  «i 
vaoced  than  the  Uue  of  conjunction.  It  may  be  esaUy  sb^wn  that  the  ^a^iV 


AFFSSaSXT. 


695 


ta^  force  of  tbe  exterior  hoAy  will  then  be  resolvable  into  two  distinct  forces, 
one  of  K^ich  acts  in  tbe  directioQ  of  the  radius  yeclor,  and  tlie  other  ia  the  di- 
rection of  a  taoigeDt  to  the  orbit.  The  focmer  of  these  forces  acts  otUwards 
throughoat  the  whole  of  the  arc  b  a  c,  and  ooisseqaentlf  tends  to  diminiah 
the  attractive  force  of  the  oentral  body  &,  With  respect  to  the  force  which 
acts  in  the  direction  of  the  tftngent,  or  the  iangeniial  force  as  it  may  be 
called,  it  tends  to  accclera.te  the  interior  body  while  rerolving  from  B  to  A, 
and  to  retard  it  by  like  degrees  while  rerolring  from  a  to  g. 

(40,)  The  disturbing  influen<:e  exercised  by  the  interior  body  upon  the 
exterior  one,  is  also  senfiifale  only  ncajr  conjunction.  In  this  case  the 
force  reeoWed  is  the  direction  of  the  radius  vector  of  the  distarhed  body 
acta  inwardt^  aad  consequently  tend.s  to  iocrea^  the  attractive  force  of 
the  central  body.  The  tangential  force  tends  to  retard  the  exterior 
body  before  conjunction  and  to  accelerate  it  by  like  degrees  after  con- 
junction. 

(41.)  If  we  sappose  the  orbits  to  be  elightly  eccentric,  as  when  the 
qnestioti  refers  to  the  mutual  action  of  the  celestial  bodies,  the  character 
of  the  disturbing  forces  will  be  the  same  as  above  described.  It  is  ruani- 
fest  that  in  such  a  case  the  disturbing  body  will  occasion  a  continual 
change  in  the  elements  of  the  disturbed  body  daring  the  time  of  its 
influence  beij?g  sensible.  Let  us  suppose,  for  example,  that  the  orbit 
A4)  J>  B,  of  the  interior  body,  is  slightly  eccentric.  It  is  manifest  that 
Vt4ieii  the  body  is  revolring  from  c  to  b  through  n,  the  etementa  of  ita 
orbit  will  not  undergo  any  material  alteration,  because  the  action  of 
the  diflturbing  body  over  that  portion  of  the  orbit  is  so  feeble  that  it 
may  be  neglected  without  occasioning  any  sensible  error.  Aj  it  revolves 
from  B  to  c,  however,  the  elements  of  the  orbit  will  continually  vary  from 
the  action  of  the  disturbing  force,  and  when  it  has  arrived  in  the  latter 
position,  it  will  proceed  to  revolve  in  a  new  elliptic  orbit,  the  difference 
between  the  elements  of  which  and  those  of  the  orbit  in  which  it  was 
re^-olving  previous  to  its  arrival  in  b,  will  generally  differ  for  each  sy- 
nodic revoltitson.  It  is  manifest,  from  what  has  been  already  said  in  the 
foregoing  pages,  that  the  variations  thus  induced  in  the  elements  of  the 
orbit  of  tbc  disturbed  body,  will  depend  mainly  on  the -position  of  the  line 
of  ftpeides  of  the  orbit  of  each  body  with  respect  to  the  line  of  conjunction, 

(43.)  Let  us  now  consider  more  particularly  the  perturbAtiong  ptodticed 
in  those  case»  of  the  planetary  system  wherein  the  mean  motions  of  the 
two  revolving  bodies  are  actually  characterised  by  the  relation  above  raen- 
lioned.  One  very  striking  instance  of  such  a  relation  occnrs  among  the 
primary  bodies  of  the  system.  The  mean  motion  of  ll'rauus  ia  almost 
eiuictly  double  that  of  Neptune.  A  similar  relation  holds  good  between 
the  fijwt  and  second,  and  the  second  and  third  sateUites  of  Jupiter;  and 
alw  between  the  first  and  third,  and  the  second  and  fourth  satellites  of 
Satam  (counting  outwards  from  the  planet).  We  shall  first  oonBider 
the  mutual  action  of  Uranus  and  Neptune. 

(48.)  According  to  the  most  recent  researches  of  astronomers,  the  period 
«€  Uranus  is  84.014  years,  and  that  of  Neptune,  164.6181  years,  llenca 
when  Uri].nus  has  completed  two  revcdution^,  Neptune  will  have  completed 
one  revoIutioD,  and  will  also  have  advanced  in  a  second  rerolutton  ov«r 
an  arc  corresponding  to  3.4099  years.  It  is  manifest,  therefore,  that  if 
the  two  planets  be  supposed  to  have  been  originally  in  oonjunetion,  Uranus 
itfter  completing  two  revolutions,  will  refjuire  to  adiranoe  a  little  hej^ond 
the  point  of  starting,  before  it  can  overtake  Neptnne  lo  as  to  come  again 
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into  conjunction  ivith  that  planet.  It  may  be  easUj-  shown  that  Urantia 
will  require  to  advance  through  an  arc  equal  to  15*  15'.  before  it  agoiu 
comes  up  with  Neptune.  The  same  is  tms  with  resp<>ct  to  the  third 
conjunction  of  the  planett,  and  thus  it  is  evidetit  that  the  Line  of  conjunc' 
tion  on  each  of  such  occasions  will  advance  through  an  aro  equal  to  l&°  IS' 
in  the  direction  of  the  motiona  of  the  two  planets. 

(44.)  It  has  been  remarked  (41),  that  the  alteration  induced  in  th« 
elements  of  either  planet  on  the  occasion  of  its  cotij unction  with  the 
disturbing  planet,  will  depend  upon  the  position  of  the  line  of  apsides 
of  the  orbit  of  each  planet  with  respect  to  the  line  of  conjunction.     Let 
us  consider  the  effect  which  Keptune  tends  to  produce  on  th«  ec<»n- 
tricity  and  the  longitude  of  the  perihelion  of  Uranus.    If  the  line  of 
apsides  of  the  disturbed  planet  be  oblique  with  respect  to  the  ho4 
conjunction,  it  is  raanifeet  that  the  variation  of  the  eccentricity  nunnot 
effect  a  complete  compensation,  and  therefore  a  change  will  uhimaldj  be 
produced  in  the  value  of  tliat  element,  which  will  be  nmintained  uiUai 
the  planet  ft^in  arrives  within  the  sphere  of  the  disturbing  forC9  oo 
the  occasion  of  approaching  the   next  conjunction.      It  is  easy  to  im^ 
therefore,  that  in  such  a  case  the  eccentricity  of  the  orbit  would  Qndflf^ 
an  aUeratioii  at  each  successive  conjunction.     Let  us  suppose,  howerer, 
that  the  ect-entricity  cnnslantly  retaios  the  same  value  | which  is  actually 
true  in  so  far  as  regards  that  part  of  the  ecceotncity  which  is  essentially 
co-existeot  with  the  disturbing  force,  and  which  ia  the  only  part  we  tin 
here  fonsideriug),  and  let  us  enquire  into  the  circumstauces  under  wbkll 
this  condition  of  permanence  can  be  maintained.   Now  it  appears  from  (34). 
(30),  and  (35),  that  if  the  litie  of  apsides  coipcide  with  the  line  of  conjuuctioi}, 
the  eccentricity  will  not  undergo  any  change  from  the  action  either  of  ih* 
radial  or  the  tangential  force.     It  is  manifest,  however,  that  this  coin- 
cidence can  only  he  maintained  by  a  progressive  motion  of  tho  line  of 
apsides,  equal  to  that  of  the  line  of  conjunction.    Now  if  the  perihehon 
of  the  planet  be  turned  towards  the  disturbing  body,  it  fuUows,  from  {'Hi 
that  the  line  of  apsides  will  regress,  and  therefore,  iustcad  of  coastaDtlj 
coinciding  with  the  Uno  of  conjunction,  it  will  immediately  commeiKie  to 
deviate  from  that  line  hy  receding  in  the  opposite  direction.     But  if  ih« 
aphelion  of  the  planet  be  turned  towards  the  dtstorbiTig  body,  ilia  line  of 
apsides  will  then  progress  ('24),  from  the  action  of  the  disturbing  foieil^ 
and,  by  duly  adjusting  the  eccentricity,  the  progression  may  be 
exactly  equal  to  the  progression  of  tlie  line  of  conjunction.     In  thii 
then,  the  variation  of  the  eccentricity  occasioned  by  the  dietnrhing 
will   effect  a  complete  compensation  at  each   conjunction,   Iravmg 
eccentricity  of  the  undisturbed  portion  of  tho  orbit  unaltered,  while  ali 
same  time  the  line  of  apsides  will  ailrance  regularly  in  the  direct 
the  planet's  motion  with  an  angular  velocity  equal  lo  that  of  (he  li 
conjunction,  or  at  the  rate  of  1&^  15"  in  eaoli  synodic  revolution  vf  tha 
planet?. 

(45.)  The  eccentricity  above  referred  to,  may  be  considered  aa  an 
inequality  of  a  perturbntive  character,  inasmuch  as  iho  naeeaaity  far  iti 
existence  depends  wholly  on  the  action  of  tlie  disturbing  fo««i.  ll  » 
riight  to  bear  in  mind,  however,  that  its  maintenance  is  mainly  doe  (0  the 
central  force,  The  direct  efiect  of  the  disturbing  force  t3,  m^tftlj  to  pt^ 
duce  a  slight  variation  of  the  eccentricity  (which,  however^  effocte  a  con- 
plete  compensation  at  each  conjuuctiou),  and  to  cause  a  ooQStMtt  piogrei' 
Bhn  of  the  Hue  of  apsides. 


,     the 

r        r 


(40.)  The  more  nearly  the  mean  moUoiis  of  the  two  planets  are  oom- 
fineDsumble.  the  /«3  mil  be  the  angle  through  which  the  line  of  apsides 
will  htL\e  to  advance  during  each  Bjnodic  revolution  of  the  two  planets, 
and  coneequeutly  the  greater  will  be  the  eccentricity  depending  upon 
the  disturbing  force. 

(47.)  The  progressive  movement  of  the  lino  of  apsides  is  mainly  due 
to  the  part  of  the  disturbing  force  which  acts  in  the  direction  of  the 
radius  vector.  For,  in  the  first  place,  the  tangential  force  vanishes  alto- 
gether at  the  point  of  conjunction,  where  the  disturbing  force  is  most 
intense  ;  and,  in  the  second  place,  its  influence  iu  altering  tlie  position  of 
the  apsides  is  Tery  feeble  near  conjunction  (where  alone  the  disturbing 
force  h  sensible),  since,  by  (31),  its  eilect  vanishes  at  the  aphelion,  which, 
in  this  caeCf  always  coincides  with  the  point  of  coi:gunction.  On  the  otlier 
hand,  the  i^ial  force  is  not  only  most  intense  at  conjunction,  but  is  also 
most  elective  ('^4)  at  the  same  point  *. 

(48.)  If  we  had  considered  the  perturbation  of  Neptune  by  Uranus, 
it  wottid  readily  appear,  by  (S2),  that  it  is  the  perihelion  of  the  disturbed 
orbit  which,  in  this  case,  would  require  to  be  turned  towards  the  point  of 
conjunction,  in  order  that  the  line  of  apsides  might  progress;  and  it  is 
manifest  that,  by  a  due  adjustment  of  the  eccentricity,  the  amount  of  ad- 
Tftnce  during  each  synodic  revolution  might  be  rendered  eiactly  equal  to 
the  advance  of  the  line  of  conjunction.     Thus  the  eceentricity  would  cou- 

ntly  retain  the  same  value,  while  the  line  of  apsides  would  regularly 

■gress,  coinciding  always  with  the  line  of  conjunction. 

(49.)  With  a  view  to  illustrate  the  foregoing  remarts,  we  insert  the 
principal  terms  of  the  mutual  perturbations  of  both  planets,  exelnsive  of 
those  arising  from  independent  eccentricity,  the  influence  of  which  wc 
are  not  at  present  considering.  In  calculating  these  terms,  a  mean  dis- 
tance equal  to  10.13!2S9'  has  been  assigned  to  Uranus.    The  mean  dis- 

*  If  we  exclude  from  coniiderilion  the  btncentla)  force,  as  inraipable  of  exercising^j 
inQuenoe  upon  the  eharafter  of  (he  perturbative  effdCt^  it  is  easy  to  fi«c  that  th«  dtEiturl»> 
JD^  (brce,  by  ainiiig  outwards  m  the  direclion  of  the  radiufi  vector,  tends  contlnualljr  to 
twist  rounii  the  tine  of  apsides  in  the  dircctiun  of  the?  plaact's  tnotton,  First,  let  the 
pUnet  be  adv»ncmg  toward*  conjuuctioa.  In  ihis  case  the  tangential  sngU  is  obtuse, 
and  the  pUoet  u  nalurally  receiting  from  the  poBition  in  nhicli  the  radius  vccIdt  ie  per- 
pendicular to  t!te  tongenl ;  but  the  dctlective  Influence  of  the  central  force  is  so  powerHiI, 
that  the  tangential  an^le  is  actually  contracting:,  and  i6  again  rapidlj  approachicig  to  a 
tr^t  ang^le.  Hence  ihe  disturbing  furc^e,  tiy  neakening  the  influenec  of  the  central  bodj, 
djmiDiAhe*  the  dcQection  of  the  orbit,  and  thereby  retards  the  pcrpendicularitjr  of  tlie 
tangent  with  respect  to  the  r^idiua  vector.  It  U  manifest,  iherefore,  that  the  planet  nltl 
require  to  revolve  through  an  angle  of  lomenlut  more  than  180^  from  the  perihelion  before 
i(  iniv»  at  the  aphelion,  or,  in  other  words,  the  line  of  spilde»  nii)  have  prcwresscd.  With 
rcspeet  to  the  influence  of  the  disturbing;  force  aAer  the  pusage  of  the  aphelion,  it  is  to  be 
remarked,  that  if  tlie  central  farce  were  diminithed  in  due  proportion  throughout  the  whola 
ienu-ellipw,  extending  from  the  aphelion  to  the  perihelion,  the  positioti  of  the  Itnc  of 
apsides  would  not  undergo  anycbange.  It  is  evident,  thereforei  that  the  charaeter  oi 
the  efTcct  produced  after  the  posmge  of  the  aphelion  (ivhcther  progrewion  or  reoTeision) 
will  be  the  tame  aa  If  the  central  force  was  imrcased  a  linle  before  the  arrlv&l  of  the  planet 
ID  the  pftiiliblion.  Now  when  the  planet  is  appraaching  the  perihdion,  the  laiigential 
angle  H  rapidly  opening  out>  from  the  natural  tendcncv  of  the  body  to  pcnerere  in  the 
■anie  dJreotiun  ;  and  the  eSicacy  of  the  central  force  consists  In  oppo»inf^  its  enbrgement, 
and  thereby  retarding  the  arrival  of  the  planet  at  {he  apse.  It  i»  evident,  tbcrefore,  that 
the  effect  of  an  increaie  of  the  central  force  will  be  to  retard,  in  a  Mill  greater  degree,  the 
arriTal  of  tlie  planet  In  such  a  pa^tiaei.  It  appean,  ibenj  thiit  the  action  of  Neptune  upon 
Uruui  ai»e>  Ihe  lioe  ofapfides  to  progress  both  before  and  after  conjunction.  It  m*j 
he  fhewn,  in  a  iimikr  way,  that  the  action  of  Uranus  upon  Neptune  nill  cau«e  the  line  of 
tgpn^et  of  the  deturhed  orbit  to  progress  at  each  conjunction. 
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Usee  of  Neptune  has  heen  aasumed  equil  to  30.0363,  ngreesblj  to  the 
tmee^hm  of  Mr>  WaUcer  of  Washington,  U.  S.  Tlie  mass  of  each 
planet  is  supposed  to  be  equal  to  ^u.^btj,  the  sun's  outaa  bmng  repre- 
seiUed  by  umtj.  The  ajigle  ^  denotes  the  excess  of  the  mem  Icmgi- 
tude  of  Umnus  above  that  of  Neptune. 

FEBTOBBATXOH  OP  TStTE  LOKGrTDDE. 
Neptune  disturbing  Uranus.  Umdiu  disturbing  KefMatne. 


hi     =  - 


33".537  sin  ?> 

815.596  sin  S? 

13.943  flin  3^ 

3.146  sin  4^ 

1.055  sin  ^ip 

0.493  sin  Qp 


=.  +  ^53".S36  sill  $ 

—  10.648  on  i« 

—  a.094  ain  Sf 

—  0.665  sin  Ap 

—  0.^61  sio  5^ 

—  0.115  sin  6;p 


PERTUBBATION   OF  BASICS  TECTOR. 
Neptune  dltturiiHg  Uraiiiu.  Unnus  diitvrbiog  N«p(ti 


ir.     = 


0.000^5  COS  <p 
0.03738  cos  a^ 
0.0UD83  cos  3^ 
O.QOOai  cos  4^ 
0,00008  co«  5? 
0.00003  cos  6? 


0.01635  otM  p 

0.00110  cos 
0,00f>-^S  cot 
0.00010  coe  Ai 
0.00004  COS 

o.ooooa  cos  6p 


(50.)  The  enormous  magnitude  of  one  of  the  terms  in  each  <3i  xhtK 
four  colomus  relativdy  to  die  others  cannot  fail  to  mtrike  the  ineAdcf.  U 
is  to  be  remarked  also,  that  while  in  ilia  case  of  Neptuai6  distttrUiig 
Uranus,  the  preponderating  term  is  the  second  in  the  ooltuatt.  both  wbtt_ 
the  perturbation  of  longitude  and  that  of  tbe  radius  vector  are  consij^ 
oil  thfi  other  hand,  in  the  case  of  Uranus  disturbing  Neptune,  it  is 
^fti  term  in  each  column  which  ia  the  preponderating  one.  FitiaUj^l 
#t^  of  the  proponderating  term  in  the  column  representing  tbe 
of  Neptune  upon  the  longitude  of  Uranus  is  nt^gatire.  while  that  of' 
corresponding  term  in  the  column  ^hich  represents  the  action  uf  Vx 
upon  the  longitude  of  NepLnne  is  positive;  and  the  contrary  holds  pej 
v^lien  the  question  refers  to  the  perturbation  of  the  r»dii^  veoior.  itXL 
tbose  points  may  be  easilj  explained  by  reference  to  the  priticiplea  iridib 
govern  the  mutual  action  of  the  two  planets. 

(&l,)  First  let  us  consider  the  predominaat  term  in  the  p«rtarktlioo  of 
the  longitude  of  Uranus  by  the  action  of  Neptnne.  It  has  heen  staled  1^ 
f  denotes  the  excess  of  the  naean  longitnae  of  UmniM  <i*«r  tfat  mtm 
lottgitude  of  Neptune.  Bence,  if  during  a  synodic  revotntioii  wis  reclcm 
the  longitudes  from  ihs  point  of  coivju^^tion  we  have  $  ^  it,f  —  n/,  and 

2  ^  =  (2  n,  —  a  n^t^fu^  —  (ij  rt,  —  tt|)  J  ty  «,.»j  demoting  the 

mean  annual  motious  of  Uranus  and  Neptune.    Now  »,  =  7d7tJ".i7.  ad 
coosequently   2   n,   =:s    1&T4&".54.     Again,   a,   s    l^4W,fH, 
2  tt»  —  n,  =  319''.90,  which  is  a  rerj  small  quaatltj 

ni  or  n,,  and  therefore  2  ^  =  /^ «,  —  (2  n,  ^  n ,)  \  £  =  n^t  twj  tpmAj 

Wo  have,  therefore,  Biy'Mf^  sin  S  ^  =  8I&.&90  Bbn^Jpftifaifnttn^ 
tity  of  variable  value.    Now  8 1 5".5e6  sia  ttii  repctsimta  thm  f***>*'p^  i 


of  the  equation  of  the  centre  in  an  ellipse  whose  eccentricity  h  equal  to 
O.OQ  1 97,  aocL  smce  the  sign  of  the  term  is  negative,  it  oecassaiily  follows 
timt  Uie  aphelion  is  turned  towards  the  point  of  conjunction* 

(53.)  It  appears,  then,  that  if  we  refer  the  motion  of  the  planet  t<) 
t^  Un«  of  conjunction,  the  predominant  term  of  the  perturbatiou  in 
ioo|ptuda  becomes  confounded  with  the  principal  inequality  of  an  ellipse 
lAoM  aphelion  coincides  with  the  point  of  conjuaction.  The  same  con* 
dosion  is  obviously  deducible  from  an  exammation  q£  the  corresponding 
teaa.  in  the  perturbation  of  the  rodiua  vet  tor. 

(53.)  Let  U3  now  consider  the  predominant  term  in  the  column  re- 
preeenting  the  action  of  Uranus  upon  the  longitude  of  Neptune.     In  this 


caoB  p  =  n,«  —  n.j 


=  (»i  —  «j)  t   =  ^  n,  —  (2    ji,  —  n.)  ^    =n^ 

Qtiarly,  and  conseqtieutly  Sl5£^'.836  sin  9  ^  &5Q''.S36  sin  n^  plus 
a.  small  quantity  of  variable  valua.  Now  252".  830  sin  nJ  represents 
the  principal  term  of  tlie  equation  of  the  centre  in  an  eUipse  whose 
eeemtricity  is  equal  to  0.0009.  Hence  aruies  an  elliptic  inequality  ana- 
logcme  to  that  produced  by  the  action  of  Neptune  upon  Uranus,  the  only 
difference  being,  that  in  thid  case  it  is  the  perihelion  which  is  turned 
to  the  point  of  conjunction,  a  circuiostance  implied  by  the  jioiitk^e  sign  of 
the  inequality.  It  is  manifest  that  the  corresponding  term  in  the  pertur- 
bation of  the  radius  vector  h  consistent  with  this  conclusion. 

(54-)  It  appears,  then,  that  the  predominant  term  in  the  perturbatioa 
of  the  longitude  of  each  planet  represents  the  equation  of  the  centre 
m  an  ellipse,  in  the  focus  of  wbich  the  sun  is  placed.  It  is  mauifest, 
therefore,  that  the  inequality  b  maiutained  during  each  synodic  re- 
volution by  the  action  of  the  centi-el  force,  being  perturbative  only  in 
so  fs^r  as  the  line  of  apsides  is  i- on  tin  u  ally  twisted  round  in  the  direction 
of  the  planet  s  motion.  The  remaining  terms  of  perturbation  in  each  case 
IXAJ  bo  oODsidered  as  representmg  the  effects  more  directly  due  to  the 
dklarbing  force. 

(66.)  The  mean  motions  of  the  two  planets  being  vety  nearly  commen- 
suTuble,  it  is  manifest  that  a  slight  change  effected  in  the  value  of  either, 
ti-Quld  exercise  a  verj-  cot^iderable  influence  on  the  displacement  of  the 
line  of  tionjunctJon,  and  consequently  i^ould  affect,  in  an  equal  degree, 
the  progression  of  the  line  of  apsides.  Now  the  eccentricity  thus  depending 
on  perturbation  must  ad  way  3  be  adjusted  to  the  motion  of  the  apsides, 
inereaiaiig  aa  that  diminishes,  and  vim  versa.  When  the  motion  of  the 
apttdes  is  tery  slow,  a  slight  diminution  of  its  value  occasions  an  enor- 
mou»  increase  of  the  eccentricity.  Noi?,  in  the  present  ca«e,  the  more 
nearly  the  mean  motion  of  the  interior  planet  approaches  to  twice  the 
mean  motion  of  the  exterior  one,  the  slower  will  be  the  motion  of  the 
points  of  conjunction,  and,  consequently,  so  will  be  that  of  the  line  of 
apsides.  Hence  it  is  manifest,  that  the  eocentrifiities  of  the  tivo  pkneia 
iml  increase  iudefinitelj  as  their  mean  motions  Btttisfy  with  greater  ac(^^- 
racy  the  relation  just  mentioned.  This  reilatioii  corresponds  to  a  mean 
dlatance  of  Neptune  equal  tu  30.4507*  the  radius  of  the  terrestrial  orbit 
being  assomed  equal  to  unity. 

f5d.)  When  tiic  mutual  action  of  the  planets  is  viewed  through  the 
mediutn  of  analysis,  this  principle  exhibits  itself  in  the  form  of  the  co- 
efficient of  the  predominant  term,  which  has  for  a  dirisor  the  square  of 
(2%  <—  A,)t    It  is  manifest,  thai  when  this  quamtily  is  Tfiry  small,  a  slight 
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change  in  the  mean  motion  of  either  planet  ixrill  occasion  an  enormoos 
alteration  in  the  value  of  the  coefficient,  which  is  divided  bj  the  square  of 
the  same  quantity. 

(57.)  The  remaining  terms  of  the  perturbation  Tary  only  in  a  degree 
commensurate  with  the  change  which  may  be  effected  in  the  mean  motion 
of  either  planet.  This  circumstance  arises  from  their  being  mainly 
dependent  on  the  direct  action  of  the  disturbing  force,  the  intensity  of 
wmch  cannot  be  expected  to  undergo  a  considerable  change  in  conse* 
quence  of  a  slight  alteration  in  the  relative  values  of  the  mean  distances 
of  the  two  bodies. 

(58.)  We  have  hitherto  supposed  that  neither  the  orbit  of  Uranus  nor 
that  of  Neptune  possesses  any  eccentricity  except  what  arises  from  their 
mutual  action.  In  reality,  however,  bodi  orbits  are  slightly  eccentric, 
independently  of  the  effects  of  perturbation.  In  consequence  of  this 
circumstance,  the  mutual  distance  of  the  two  planets  will  vary  at  each 
successive  conjunction ;  whence  it  is  manifest  that  the  intensity  of  their 
disturbing  forces  will  undergo  a  corresponding  variation.  Now,  in  con- 
sequence of  the  near  commensurability  of  the  mean  motions  of  the  two 
planets,  the  line  of  conjunction  shifts  with  extreme  slowness,  its  displace- 
ment during  a  synodic  revolution  amounting  only  to  15°  15'.  The  dura- 
tion of  a  synodic  revolution  is  171.6  years ;  whence  it  follows  that  the  line 
of  conjunction  will  not  accomplish  a  complete  revolution  before  the  lapse 
of  4051  years.  During  this  period  the  disturbing  forces  of  the  two 
planets  will  be  constantly  varying  in  intensity,  returning  only  at  its  close 
to  their  original  values. 

(50).  It  is  easy  to  see  that  this  variation  of  the  intensity  of  the  disturbing 
forces  of  the  two  planets  will  occasion  corresponding  variations  in  the 
elements  of  both  orbits,  requiring  an  equal  lapse  of  time  to  effect  a  com- 
plete compensation.  Hence  the  mean  distance,  eccentricity,  and  longitude 
of  the  perihelion  of  either  planet,  will  be  subject  to  an  excessively  slow 
variation,  which  in  each  case  will  pass  through  the  cycle  of  its  values  in  a 
period  of  4051  years.  The  variation  of  the  mean  distance  will  pro- 
duce a  corresponding  variation  in  the  mean  motion  of  each  planet,  and 
hence  will  originate  an  inequality  in  the  mean  longitude  analogous  to  the 
long  inequality  of  Jupiter  and  Saturn,  and  several  others  to  which  we 
have  had  occasion  to  allude  in  the  course  of  this  work. 

(60.)  The  circumstances  which  determine  the  long  inequality  of  Uranus 
and  Neptune  are  less  favourable  to  its  magnitude  than  those  which  deter- 
mine the  analogous  inequality  in  the  longitudes  of  Jupiter  and  Saturn, 
inasmuch  as  the  masses,  eccentricities,  and  inclinations  of  the  disturbing 
planets  are  less  in  the  former  case  than  in  the  latter.  In  one  respect, 
however,  the  magnitude  of  the  inequality  is  liable  to  be  much  greater  in 
the  case  of  Uranus  and  Neptune  Uian  in  that  of  Jupiter  and  Saturn,  or 
any  other  two  planets  yet  discovered,  whose  mean  motions  are  nearly 
commensurable.  In  the  case  of  Jupiter  and  Satura,  every  three  conjunc- 
tions take  place  in  different  parts  of  the  orbit,  and  it  is  merely  the  minute 
quantity  which  remains  outstanding  after  eveiy  such  triple  coi^unction, 
that  is  allowed  to  accumulate  upon  the  longitude.  With  respect  to  the 
long  inequality  of  the  Earth  and  Venus,  the  accession  to  the  mean  longi- 
tude is  only  what  remains  uncompensated  after  every  fifth  conjunction  of 
the  two  planets.  On  the  other  hand,  in  the  case  of  the  long  inequality  of 
Uranus  and  Neptune,  every  two  successive  conjunctions  occur  in  the  same 
part  of  the  orbit,  the  interval  included  between  them  being  merely  the 
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Bmall  displacement  arising  from  the  absence  of  perfect  coram ensu rail lity 
in  the  meaa  motions  of  the  two  planets.  In  consequence  of  this  circum- 
stance, it  happens  that  the  whole  effect  produced  by  the  disturbing  planet 
at  each  succesdve  conjunction  is  accumulated  upon  the  toean  longitude. 

(Gl.)  A  similar  conclusion  is  suggested  bj  the  analytical  view  of  the 
fiubject.  In  the  cajse  of  Jupiter  and  Saturn,  the  iucqualitj  ia  mainly 
represented  by  a  class  of  termg,  which  are  only  of  the  third  order  of  mag- 
nitude vdtli  respect  to  the  eccentricities  and  iucliuations  of  the  two 
planets.  The  long  inequality  of  the  Earth  and  Venus  depends  upon  a 
series  of  terms,  the  most  considerable  of  which  are  only  of  the  Ji/th  order 
of  magnitude  wiih  respect  to  the  eccentricities  and  the  inclinations.  On 
the  other  hand,  the  long  iuequality  of  Uranus  and  Neptune  is  mainly  con- 
tained an^onff  a  class  of  terms  which  are  as  high  as  the  _firM  oi'dct*  of 
magnitude  relatively  to  the  same  elements. 

(Gsi.)  The  more  nearly  the  mean  motion  of  Uranus  approaches  to 
double  the  mean  motion  of  Neptune,  the  more  slowly  will  the  line  of  con- 
jimction  of  the  two  planets  advance,  and  consequently  the  longer  will  the 
inequality  in  the  mean  longitude  continue  to  vary  in  the  same  direction. 
Hence  it  is  manifest,  that  the  niaxinuum  value  of  the  inequality  will 
increase  as  the  mean  motions  of  the  two  planets  are  more  nearly  com- 
mensurable. 

(63.)  It  appears  from  the  foregoing  considemtion,  that  the  more  perfect 
commensurability  of  the  mean  motioua  of  the  two  planets  tends  to 
promote  the  ultimate  magnitude  of  the  long  inequality,  by  prolonging  the 
lime  during  which  it  continues  to  accumulate  upon  the  mean  longitude. 
We  hsTe  seen  that  tbe  elliptic  inequality  depending  upon  perturbation 
increases  also  with  the  more  perfect  commensurability  of  the  mean 
motions  of  the  two  planets,  in  consequence  of  the  slower  motion  of  the 
line  of  conjunction  hence  resulting,  which  creates  the  necessity  of  a 
greater  amount  of  eccentricity,  so  as  to  oppose  an  adequate  resistance  to 
the  diiiturbuig  force,  in  ita  tendency  to  twist  round  the  line  of  apsides 
which  must  always  advance  at  the  aame  rate  as  the  line  of  conjunction. 
In  the  former  case  the  inequality  results  from  the  direct  action  of  the  dis- 
turbing planet  at  each  successive  conjunction,  and  depends,  for  ita  ultimate 
magnitude,  on  the  length  of  time  during  which  the  effects  thus  produced 
are  allowed  to  accumulaie  upon  the  mean  longitude.  In  the  latter  case 
the  inequality  arises  from  the  poiveriul  agency  of  the  central  force,  and  is 
developed  in  a  single  sjnodic  revolution. 

(64.)  It  haj*  been  stated  that  the  sjstem  of  Jupiter's  satelhtes  presents 
two  instances  in  which  the  mean  motion  of  one  of  the  disturbing  bodici^  is 
almc^t  exactly  double  the  mean  motion  of  the  other.  In  effect,  the  first 
Batellite  performs  a  sidereal  revolution  in  I''  IS''  27™  34',  and  the  second 
satellite  in  3^  13^  13™  42*,  Hence  two  revolutions  of  the  first  satellite 
trill  be  completed  in  3''  12'*  50"'  8%  an  interval  of  time  which  falls  short 
of  one  period  of  the  second  satellite  hy  only  17'"  34*.  In  consequence  of 
this  circumstance,  the  line  of  conjunction  of  the  two  satellites  shifts  mth 
extreme  slowness,  reffresitriff  through  an  arc  of  little  more  than  Q%  at  tbe 
dose  of  each  synodic  revolution.  Hence  arises  in  the  motion  of  each  satel- 
lite a  large  elliptic  inequality  of  a  pcrturbative  chamcter,  resembling  that 
produced  by  the  mutual  action  of  Uranus  and  Neptune,  with  this  interest- 
ing distinction — that  as  the  line  of  conjunction  now  recn'esMes,  it  is  the 
loicer  apse  of  the  interior  body  and  the  upper  apse  of  the  extn'iur  one  which 
will  require  to  he  turned  couatauUy  to  the  point  of  conjunction,  in  order 
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that  the  line  of  apsides  of  the  orbit  of  either  body  maj  always  cfHadde  irith 
the  line  of  conjunction. 

(65.)  The  third  satellite  of  Jupiter  accomplishes  a  sidereal  reTolntioa 
Jq  7d  3h  4Qm  32a.  ]y{o^  ^wo  periods  of  the  second  sajtellite  are  equal  to 
yd  <2h  27in  <24*,  which  differs  from  one  period  of  the  third  by  only  1^  !&» 
8*.  This  case,  then,  is  clearly  analogous  to  that  of  the  first  and  seoond 
satellites.  In  fact  it  is  easy  to  infer,  from  the  remariEable  ralatio<n  between 
the  mean  motions  of  the  three  interior  satellites  mentioned  at  page  93» 
that  the  mean  motion  of  the  second  satellite  exceeds  twice  the  meaa 
motion  of  the  third  by  a  quantity  which  is  exactly  equal  to  the  excess  of 
the  mean  motion  of  the  first  satellite  over  twice  the  mean  motion  of  the 
second.  The  line  of  conjunction  of  the  second  and  third  satellite  will 
therefore  regress  at  the  same  rate  as  the  line  of  conjunction  of  the  fiisat 
and  second,  and  hence  will  arise  a  large  inequality  in  the  motion  of  eatdi 
satellite,  resembling  the  one  mentioned  in  the  foregoing  article.  The 
motion  of  the  second  satellite  is  thus  affected  by  two  elliptic  inequaUtiea 
of  a  perturbative  character,  depending  upon  the  combined  action  of  the 
first  and  third  satellites,  and  in  consequence  of  the  remarkable  relation 
which  subsists  between  the  mean  longitudee  of  the  three  interior  satellites, 
the  two  inequalities  are  thoroughly  confounded  together,  so  as  to  assume 
the  complexion  of  only  one  great  inequality  (see  p.  89). 

(66.)  Astronomers  have  been  unable  to  discover  the  slightest  trace  of 
independent  eccentricity  in  the  orbit  of  the  first  satellite  of  Jupiter.  With 
respect  to  the  orbits  of  the  second  and  third  satellites,  the  independent 
eccentricity  is  in  either  case  exceedingly  small.  In  consequence  of  tins 
circumstance,  no  sensible  evidence  has  been  derived  from  observation,  of 
the  existence  of  a  long  inequality  in  the  mean  longitude  of  any  of  the 
satellites,  depending  on  the  near  commensurability  of  their  mean 
motions. 

(67.)  Some  of  oxir  readers  may  perhaps  find  it  difficult  to  reconcile  the 
foregoing  remark  with  the  fact  of  Bradley's  discovery  of  a  great  inequality 
in  the  three  interior  satellites,  the  period  of  which  he  found  to  extend  to 
437  days,  which  vastly  exceeds  the  duration  of  a  synodic  revolution  of 
either  of  the  satellites.  It  is  to  be  borne  in  mind,  however,  that  tlie  ex- 
istence of  this  inequality  was  indicated  solely  by  observations  of  eclipses 
of  the  satellites.  Now,  in  the  case  of  an  elliptic  inequality  of  a  perturba- 
tive character,  depending  on  the  mutual  action  of  any  two  of  the  satellites, 
it  will  manifestly  pass  through  the  cycle  of  its  values  when  the  two  satel* 
lites  return  to  the  same  position  with  respect  to  the  line  of  conjonctioii. 
If,  however,  the  inequali^  be  considered  solely  with  reference  to  its 
influence  upon  the  times  of  the  eclipses  of  the  satellites,  it  will  not  in 
either  case  effect  a  compensation  during  the  period  comprised  between 
two  successive  oppositions  of  the  satellite  with  respect  to  Jnpiter ;  for 
while  the  line  of  conjunction  of  the  satellites  has  regressed,  in  yirtne  of 
the  relation  between  their  mean  motions,  the  planet  whose  pontioo,  rek- 
tively  to  the  sun,  determines  the  time  of  the  eclipse,  has  rerolTed  in  the 
opposite  direction,  and  it  is  manifest  that  a  complete  restoration  of  the 
inequality  cannot  be  established  until  the  satellites  have  retomed  to  the 
same  position  with  respect  to  the  line  of  coi^unction,  and  the  axia  of 
Jupiter's  shadow.  Hence  the  long  inequality  discovered  by  Bradley  is 
Ta£her  apparent  than  real,  being  merely  the  consequence  of  adopting  a 
restrictiTe  view  of  the  mode  in  which  the  elliptical  perturbation  aSaetm  tiie 
motions  of  the  satellitea. 
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(68.)  The  spheroidal  figure  of  Jupiter  exercises  a  considerable  influence 
on.  the  motiops  of  the  satellites,  and  thereby  occasions  their  observed 
perturbatioDS  to  be  materially  difEerent  from  those  which  would  be  pro- 
anced  by  their  mutual  action.  The  reader  will  find  a  complete  exposition 
of  the  th^iy  of  this  interesting  system  in  Mr.  Airy's  treatise  on 
OraviUUion, 

(69.)  Two  remarkable  instances  of  commensurability  similar  to  thosa 
dready  noticed  in  the  foregoing  pages,  are  suggested  by  a  comparison  of 
the  mean  motions  of  Saturn's  satellites.  According  to  Sir  John  Herschel 
{OutUnst  of  Astronomy,  Appendix),  the  innermost  satellite  (Mimas)  ac- 
complishes a  sidereal  revolution  round  the  planet  in  0<^  22^  37™  32*.9, 
and  the  third  satellite  (Tethys)  in  1<>  ^l^"  18^  25«.7.  Hence  Mimas 
completes  two  revolutions  in  I*'  21'*  14™  45*.8 ;  an  interval  of  time  which 
faOa  short  of  one  period  of  Tethys  by  only  3°>  30*.9.  Hence  it  is  easy 
to  infer  that  the  Ime  of  oonjunction  of  the  two  satellites  regresses  with 
excessive  slowness ;  the  displacement  during  a  synodic  revolution  amounts 
in  efifect  only  to  68'.  It  is  manifest  that,  in  consequence  of  this 
drcomstance,  an  elliptic  inequality  of  a  perturbative  character  will  be 
developed  in  the  motion  of  each  satellite,  exactly  resembling  the  elliptio 
inequalities  depending  on  the  mutual  action  of  the  first  and  second  and 
on  the  second  and  third  satellites  of  Jupiter.  Again,  the  second  satellite 
of  Saturn  (Enceladus)  effects  a  complete  sidereal  revolution  in  1^  8>>  53™ 
6^.7,  and  the  fourth  satellite  (Dione)  in  2"*  17*»  41™  8V9.  Hence  two 
periods  of  Enceladus  amoimt  to  S**  17>>  46™  13*.4,  an  interval  of  time 
which  exceeds  one  period  of  Dione  by  5™  4».5.  The  line  of  conjunction 
of  the  two  satellites  will,  therefore,  advance  in  the  direction  of  their 
orbitual  motion  at  the  rate  of  55'  in  each  synodic  revolution.  In  this 
case,  then,  the  elliptical  inequality  in  the  motion  of  each  satellite  de- 
pending on  their  mutual  perturbation,  will  resemble  the  inequality  of  the 
same  nature  occasioned  by  the  mutual  action  of  Uranus  and  Neptune. 

(70.)  In  consequence  of  the  excessive  slowness  with  which  the  line  of 
coivjunction  shifts  in  each  of  the  foregoing  cases,  it  might  be  expected 
that  a  very  large  amount  of  eccentricity  depending  on  perturbation  would 
be  developed  in  the  orbit  of  each  satelHte.  The  ^eory  of  the  motions  of 
these  bodies  is,  however,  still  in  a  very  imperfect  condition ;  a  circum- 
stance arising  from  the  difficulty  of  making  accurate  observations  of  their 
positions.  Moreover,  it  is  probable  that,  as  in  the  case  of  Jupiter  and  his 
attendants,  the  spheroidal  figure  of  the  central  body  modifies  in  a  con- 
siderable degree  the  perturbations  which  would  otherwise  ensue  from  their 
matual  action. 


III. 

BEKABSS  ON  CERTAIN   0IBCUMSTANCE8  CONNECTED  WITH  THE  DWOOVEBT 
OP  THE  PLANET  NEPTUNE. 

(71.)  Allusion  has  been  made  (p.  202)  to  the  remaikablQ  discordance 
wluch  presented  itself  between  the  elements  of  Neptune  as  determined  by 
actoal  observations  of  the  planet  after  its  discovery,  and  the  correspond- 
ing results  which  Adams  and  Le  Yerrier  had  previously  obtained  by  a 
theoretical  investigation  of  the  observed  irregolaiities  of  Unmns.  It  was 
aoea  found,  however,  that  this  dxYmmstance  did  sot  a£kct  the  accamof 
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of  the  solutions  of  the  inverse  problem  of  perturbation  due  to  these 
distinguished  geometers,  or  detract  from  the  merit  of  their  researches  in  so 
far  as  the  main  object  of  them  was  concerned ;  namely,  the  ascertainment 
of  the  position  of  the  disturbing  body  with  a  view  to  its  physical  discoveiy. 

(73.)  No  difficulty  can  be  experienced  in  arriving  at  the  conclusion,  that 
elements  widely  different  from  the  true  values  might  serve  to  indicate 
the  position  of  the  disturbing  body  with  sufficient  accuracy,  provided 
the  following  two  facts  be  borne  in  mind: — first,  that  the  action  of 
Neptune  upon  Uranus  is  sensible  only  near  coi^unction ;  secondly,  that 
during  the  interval  embracing  the  observations  of  Uranus  which  formed 
the  groundwork  of  the  investigations  of  both  Adams  and  Le  Verrier,  there 
happened  only  one  conjunction  of  the  two  planets.  Thus  the  disturbing 
influence  which  Neptune  exercises  upon  Uranus  is  sensible  only  for  aboat 
twenty  years  before,  and  about  an  equal  interval  after,  conjunction.  Again, 
the  last  coi^unction  happened  in  the  year  1823,  and,  as  the  period  of  a 
synodic  revolution  of  the  two  planets  is  171.6  years,  it  follows  that  the 
previous  (mean)  conjunction  happened  in  the  year  1650.  Now  the  earliest 
observation  of  Uranus  is  one  by  Flamsteed  in  the  year  1690,  at  which 
epoch  the  action  of  Neptune  was,  therefore,  quite  insensible. 

(73.)  It  is  manifest  from  the  foregoing  considerations,  that  the  question 
relative  to  the  discovery  of  the  disturbing  planet  was  resolvable  by 
means  of  any  elements  which  might  be  capable  of  representing  the 
intensity  and  direction  of  the  disturbing  force  on  the  occasion  of  the  last 
coi^unction  in  1822.  Now,  when  it  is  borne  in  mind  that  the  mean  distance, 
the  eccentricity,  the  longitude  of  the  perihelion,  and  the  mass  of  tlie  dis- 
turbing body  may  be  varied  at  pleasure,  it  is  not  difficult  to  see  that  this 
object  may  be  effected  by  means  of  a  variety  of  sets  of  elements  all  veiy 
different  from  the  real  elements  of  the  planet.  Thus  if  the  mean  dis- 
tance be  assumed  too  great,  the  error  arising  in  consequence  may  be 
obviated  by  increasing  the  eccentricity  in  a  corresponding  degree,  and 
placing  the  perihelion  so  as  to  coincide  nearly  with  the  point  of  conjunc- 
tion. Moreover,  if  it  should  happen  that  the  intensity  of  the  disturbing 
force  is  represented  with  a  less  degree  of  accuracy  than  its  direction  by 
such  an  adjustment  of  the  elements  of  the  orbits,  this  defect  might  be 
remedied  by  assigning  a  suitable  value  to  the  mass  of  the  disturbing  bod;. 
It  is  by  such  an  adjustment  of  the  elements  of  the  disturbing  planet,  that 
Le  Verrier  and  Adams  succeeded  in  indicating  its  actual  position  with 
such  remarkable  precision,  as  may  be  easily  seen  by  comparing  their 
elements  with  those  subsequently  deduced  from  actual  observation.  It 
is  not  difficult  to  conceive  tbat  if  a  mean  distance  less  than  that  of  the 
true  value  had  been  assumed,  the  direction  of  the  disturbing  force  might 
have  been  represented  by  increasing  the  eccentricity  and  turning  the 
aphelion  to  the  point  of  conjunction. 

(74.)  If  the  observations  of  Uranus,  upon  which  the  researches  of 
Le  Verrier  and  Adams  were  based,  had  embraced  more  than  one  conjunc- 
tion of  that  planet  with  Neptune,  the  elements  of  the  hypothetical  planet 
would  manifestly  have  been  confined  within  narrower  limits.  It  is  pro- 
bable that  the  difficulty  which  both  of  these  geometers  experienced  in 
accounting  for  Flamsteed's  observation  of  1690,  arose  from  the  circum- 
stance of  the  planets  of  their  respective  theories  being  capable  of  occa- 
sioning considerable  disturbance  in  the  motion  of  Uranus  at  an  epoch 
when  the  action  of  Neptune  was  totally  insensible.  This  view  of  the 
subject  is  still  further  strengthened  by  the  fact  that  the  American 
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lilfonomets,  hj  apfil^ing  to  the  dliptic  motion  of  Uranus  the  perturba- 
tions produced  by  Neptune  as  represented  by  tin  formula  of  analysis,  have 
Buccecded  insatisfyiog  the  qbservation  of  1 600 with  almost  perfect  accurocf, 
the  outstanding  error  bemg  less  than  I".  The  question  appears  to  admit  of 
a  de&nitive  soluttoc  by  adopting  the  following  mode  of  procedure : — ^Since 
the  action  of  Neptuno  upon  Uranus  continued  insensible  from  1&70  to 
1800,  it  neceasarily  follows  that  the  naotion  of  Uranus,  after  subducting 
from  it  the  effects  produced  by  the  disturbing  action  of  the  other  planets, 
iFas  purely  elliptic  during  the  whole  of  the  interval  of  time  included 
between  these  two  epochs.  Hence  it  is  obvious,  that  if  the  elements  of 
Uiunus  be  deduced  from  a  sufficient  number  of  observatious  made  within 
th^  included  interval,  the  motion  of  the  planet,  when  calculated  from 
euch  eSetoents,  ought  to  satisfy  the  totality  of  the  observations,  extending 
from  169Q,  the  jenr  of  Flamsteeds  earliest  observation,  down  to  1800, 
or  even  a  few  years  later. 

(75.)  The  elements  of  Neptune  being  considerably  different  from  those 
of  the  hypothetical  planets  of  L@  Verrier  and  Adams,  iwd  its  mean  motion 
ing  nearly  commensurable  with  the  mean  motion  of  Uranus,  the  theory 
its  action  upon  the  latter  planet  preseat§  a  wide  discordance,  when  com- 
■pared  with  the  theory  of  either  of  the  geometers  just  mentioned.  It 
3s  to  be  bonie  m  mind,  however,  that  this  circumstance  is  immaterial, 
irhen  the  question  relates  merely  to  the  penurl>fltions  produced  in  the 
motion  of  Uranus,  on  the  occasion  of  one  conjunction  with  Neptune. 
Prof.  Peirce,  however,  took  a  different  view  of  the  subject.  He  con- 
tended, on  the  ground  of  the  discordance  above  referred  to,  that  Neptuue 
was  not  the  planet  designated  by  geometry,  and  that,  in  fact,  its  discovery 
must  be  regarded  as  a  happy  accident  "  The  solutions  of  Adams  and 
Le  Verrier,"  says  he,  "are  perfectly  correct  for  the  assumption  to  which 
they  are  limited,  and  must  be  classed  with  the  boldest  and  most  brilliant 
attempts  at  analytical  investigation,  richly  entitling  their  authors  to  all 
thie  iclat  which  has  been  lavished  upon  them  on  account  of  the  singular 
•aocees  with  which  they  are  thought  to  have  been  crowned.  But  their 
iDTestigations  are  nevertheless  wholly  inapplicable  to  the  theory  of  the 
mutual  perturbations  of  Uranus  and  Neptune.  The  successive  periods 
of  conjunction  and  opposition.  occuiTing  at  intervals  of  eighty-four  years, 
that  is,  in  about  the  time  of  a  revolution  of  Uranus,  this  planet  is  always 
at  the  same  part  of  its  orbit  when  it  is  most  affected  by  the  action  of 
Neptune.     Tlie  action  of  Neptune  consequently  assumes  a  fi.xed,  perma- 

Inent  undisturbed  character,  so  that  it  can  hardly  be  recognised  as  pertur- 
bation by  the  practical  observer.  It  is  far  otherwise  with  tbo  ordinary 
class  of  perturbations,  where  the  place  of  greatest  disturbance  varies  from 
point  to  point  of  the  orbit ;  thus  the  place  of  greatest  disturbance,  in 
tiie  case  of  the  theoretical  planet,  would  not  liave  remained  stationorj, 
but  have  varied  80"  upon  the  orbit  of  Uranus  at  each  successive  conjunc- 
tion and  opposition ;  so  that  the  disturbance  could  not  in  this  case  he 
disguised  to  any  great  extent  under  the  fixed  laws  of  ordioaiy  elliptic 
motjon.  In  lb©  cose  of  Neptune,  its  action  on  Uranus  is  to  be  detected 
in  the  comparatiTelj  small  differences  between  its  character  and  that  of 
an  elliptic  motion,  and  the  diierence  between  the  inHuence  at  oppoaitioii 
and  that  at  conjunction/'* 

(76.)  The  aasertion  of  Prof.  Peirce — that  the  investigations  of  Adams  and 
e  Verrier  are  inapplicable  to  the  theory  of  the  mutual  action  of  Uranus 
•  Proc.  Amer*  Acad,  of  Arts  aod  SdcDces,  vol.  i.,  p.  341. 
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of  the  solutions  of  the  iDverse  problem  of  perturbation  due  to  these 
distinguished  geometers,  or  detract  from  the  merit  of  their  researches  ioso 
far  as  the  main  object  of  them  was  concerned ;  namely,  the  ascertainment 
of  the  position  of  the  disturbing  body  with  a  view  to  its  physical  discovery. 

(73.)  No  difficulty  can  be  experienced  in  arriving  at  the  conclusion,  that 
elements  widely  different  from  the  true  values  might  serve  to  indicate 
the  position  of  the  disturbing  body  with  sufficient  accuracy,  provided 
the  following  two  fSacts  be  borne  in  mind: — first,  that  the  action  of 
Neptune  upon  Uranus  is  sensible  only  near  coi\junction ;  secondly,  that 
during  the  interval  embracing  the  observations  of  Uranus  which  formed 
the  groundwork  of  the  investigations  of  both  Adams  and  Le  Verrier,  there 
happened  only  one  coDJunction  of  the  two  planets.  Thus  the  disturbing 
influence  which  Neptuue  exercises  upon  Uranus  is  sensible  only  for  about 
twenty  years  before,  and  about  an  equal  interval  after,  conjunction.  Again, 
the  last  conjunction  happened  in  the  year  1822,  and,  as  the  period  of  a 
synodic  revolution  of  the  two  planets  is  171.6  years,  it  follows  that  the 
previous  (mean)  conjunction  happened  in  the  year  1660.  Now  the  earliest 
observation  of  Uranus  is  one  by  Flamsteed  in  the  year  1690,  at  which 
epoch  the  action  of  Neptune  was,  therefore,  quite  insensible. 

(73.)  It  is  manifest  from  the  foregoing  considerations,  that  the  question 
relative  to  the  discoveiy  of  the  disturbing  planet  was  resolvable  by 
means  of  any  elements  which  might  be  capable  of  representing  the 
intensity  and  direction  of  the  disturbing  force  on  the  occasion  of  the  last 
conjunction  in  1822.  Now,  when  it  is  borne  in  mind  that  the  mean  distahce, 
the  eccentricity,  the  longitude  of  the  perihelion,  and  the  mass  of  the  dis- 
turbing body  may  be  varied  at  pleasure,  it  is  not  difficult  to  see  that  this 
object  may  be  effected  by  means  of  a  variety  of  sets  of  elements  all  very 
different  from  the  real  elements  of  the  planet.  Thus  if  the  meau  dis- 
tance be  assumed  too  great,  the  error  arising  in  consequence  may  be 
obviated  by  increasing  the  eccentricity  in  a  corresponding  degree,  and 
placing  the  perihelion  so  as  to  coincide  nearly  with  the  point  of  conjunc- 
tion. Moreover,  if  it  should  happen  that  the  intensity  of  the  disturbing 
force  is  represented  with  a  less  degree  of  accuracy  than  its  direction  by 
such  an  adjustment  of  the  elements  of  the  orbits,  this  defect  might  be 
remedied  by  assigning  a  suitable  value  to  the  mass  of  the  disturbing  bodj. 
It  is  by  such  an  adjustment  of  the  elements  of  the  disturbing  planet,  that 
Le  Verrier  and  Adams  succeeded  in  indicating  its  actual  position  with 
such  remarkable  precision,  as  may  be  easily  seen  by  comparing  their 
elements  with  those  subsequently  deduced  from  actual  observation.  It 
is  not  difficult  to  conceive  that  if  a  mean  distance  less  than  that  of  the 
true  value  had  been  assumed,  the  direction  of  the  disturbing  force  might 
have  been  represented  by  increasing  the  eccentricity  and  turning  the 
aphelion  to  the  point  of  conjunction. 

(74.)  If  the  observations  of  Uranus,  upon  which  the  researches  of 
Le  Verrier  and  Adams  were  based,  had  embraced  more  than  one  conjimc- 
tion  of  that  planet  with  Neptune,  the  elements  of  the  hypothetical  planet 
would  manifestly  have  been  confined  within  narrower  limits.  It  is  pro- 
bable that  the  difficulty  which  both  of  these  geometers  experienced  in 
accounting  for  Flamsteed's  observation  of  1690,  arose  from  the  circum- 
stance of  the  planets  of  their  respective  theories  being  capable  of  occa- 
sioning considerable  disturbance  in  the  motion  of  Uranus  at  an  epoch 
when  the  action  of  Neptune  was  totally  insensible.  This  view  of  the 
subject  is  still  further  strengthened  by  the  fact  that  the  American 
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a&ttonomeTS,  by  appljing  to  tlie  elliptic  motion  of  Uranus  the  perturba- 
tions produced  bj  Nepluwe  at  repretenUd  hj  tlnf  fomndfi  of  anal  if  sis,  have 
succeeded  in  satissf3'ing  tbe  obsen'ation  of  ]  GQi)  with  almost  perfect  accuracy, 
iheoutstaDding  error  being  less  than  1".  Tbe  (Question  appears  to  admit  of 
a  definitiTe  solution  by  adopting  the  following  mode  of  procedure ; — Since 
the  action  of  Neptune  upon  Uranus  continued  insensible  from  1670  to 
1800,  it  necessarily  follows  that  the  motion  of  Uranus,  after  subducting 
from  it  the  eiTects  produced  by  the  distiirbing  action  of  the  other  planets, 
was  purely  elliptic  during  tbe  whole  of  the  internal  of  time  included 
between  these  two  epochs.  Hence  it  is  obrioua,  that  if  tho  elements  of 
Uranus  be  deduced  from  a  sufficient  number  of  observatioDB  made  within 
the  included  iuter;'al,  tbe  motion  of  the  planet,  when  calculated  from 
such  elemeutfi,  ought  to  satisfy  the  totality  of  the  observations,  extending 
from  1660,  the  year  of  Flamateed's  earliest  observation,  down  to  1800, 
or  even  a  few  years  later. 

(TO.)  The  elements  of  Neptune  being  considerably  different  from  thoao 
of  the  hrpotheticat  planets  of  Le  Yerrier  and  Adams,  and  its  mean  motion 
being  nearly  comraensurable  with  the  meao  motion  of  Uranus,  the  theory 
of  its  action  upon  the  latter  planet  presents  a  wide  discordaiice,  when  com- 
pared with  tbe  theory  of  either  of  the  geometers  just  mentioned.  It 
15  to  be  born©  in  mind,  however,  that  this  circumstance  ia  immaterial, 
■when  the  question  relates  merely  to  tbe  perturlia Lions  produced  in  the 
motion  of  Uranus,  on  the  occasion  of  one  conjunction  with  Neptune. 
Prof.  Peirce,  however,  took  a  different  view  of  the  subject.  He  con- 
tended, on  the  ground  of  the  discordance  above  referred  to^  that  Neptune 
was  not  the  planet  designated  bygeometrj',  and  that,  in  fact,  its  discovery 
must  be  regarded  as  a  happy  accidtmt.  "  The  solutions  of  Adams  and 
Le  Verrier,"  says  he,  "are  perfectly  correct  for  the  assumption  io  which 
they  are  limited,  and  must  be  classed  with  the  boldest  and  most  brilliant 
attempts  at  analytical  inyestigatioB,  richly  entitling  their  authors  to  all 
the  eclat  which  has  been  lavished  upon  them  on  account  of  tlie  singular 
success  with  which  they  are  thought  to  have  been  crowned.  But  their 
inTestigations  are  nevertheless  wholly  inapplicable  to  the  theory  of  the 
mutual  perturbations  of  Urauus  and  Neptune.  The  iuecessive  periods 
of  conjunction  and  opposition,  occurring  at  intervals  of  eighty-four  3'eaiis^ 
that  is,  in  about  the  time  of  a  revolution  of  Uranus,  this  planet  is  always 
at  the  same  part  of  its  orbit  when  it  is  most  affected  by  tbe  action  of 
Neptune.  The  action  of  Neptune  consequently  assumes  a  fised,  perma- 
nent undisturbed  character,  so  that  it  can  hardly  be  recognised  as  pertur- 
bation by  the  practical  observer.  It  is  far  otherwise  with  the  ordinary 
elaas  of  perturbations,  where  tbe  place  of  greatest  disturbance  varies  from 
point  to  point  of  tbe  orbit :  thus  the  place  of  greatest  disturbance,  in 
the  case  of  the  theoretical  planet,  would  not  have  remained  stationary, 
but  have  varied  80^  upon  the  orbit  of  Uranus  at  each  successive  conjunc- 
tion and  opposition ;  so  that  the  disturbance  could  not  in  this  ca^e  be 
disguised  to  any  great  extent  under  the  fixed  laws  of  ordinary  elliptic 
motion.  In  the  case  of  Neptune,  its  acUou  on  Uranus  is  to  be  detected 
m  the  comparatively  small  differences  between  its  character  and  that  of 
an  elliptic  motion,  and  the  difference  between  the  inffuence  at  opposition 
and  that  at  conjunction."* 

(76.)  Tho  assertion  of  Prof,  Peirce — that  the  investigations  of  Adams  and 
Le  Verrier  are  inapplicable  to  tbe  theory  of  the  mutual  action  of  UranuB 
*  Proc.  Amer.  Acad,  of  ArU  and  Sciences,  vot.  Ir,  p,  341. 
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and  Neptnne — is  -perfectly  just.  Bat  it  seems  snrprisiag  that  so  eacoeHflnt 
a  mathematician  snoald  contest  apon  this  ^und  the  djom  of  geometry  to 
the  discovery  of  the  planet  Neptane.  What  matters  it,  altlumghthesiioees- 
sive  conjunctions  of  Uranos  with  the  hypothetical  planet  shift  to  the  exlrat 
of  80°,  while  in  the  case  of  the  real  ploaet  the  line  of  oonjnnction  eontiBUfls 
immoveable  (or  rather  undei^oes  only  a  slight  displaoement),  vktH  Amrt 
are  only  the  perturb€ttion$  prodnoed  at  o*m  eoryunction  to  tatisfy  hf  tke 
action  of  the  disturbing  body  t  for  the  perturbations  ^ffodaoed  fay  Neptaae 
daring  opposition  may  be  excluded  from  consideraticRi  as  whdly  insen- 
sible. 

(77.)  If  indeed  it  be  true,  as  Prof.  Peiioe  remarks,  that  the  pertaxbatioiis 
produced  by  Neptune  upon  Uranus,  in  so  for  as  its  action  during  <m6 
synodic  revolution  is  concerned,  assume  to  a  great  extent  an  elliptic 
character  in  consequence  of  the  near  commensuzability  of  the  mean  mo- 
tions of  the  two  planets,  it  might  then  be  fairly  questioned  whether  it 
would  be  practicable,  in  any  case  whatever,  to  deduce  by  a  legitimate  process 
the  position  of  the  disturbing  body  from  data  so  minute  as  the  outstanding 
deviations  from  elliptic  motion  mast  necessarily  be.  This  oondnsiM), 
however,  can  only  be  arrived  at  by  losing  sight  of  the  trae  character  of 
the  ellipticity  depending  on  perturbation.  La  the  case  of  the  mutoal 
action  of  Uranus  and  Neptune,  it  arises  firom  the  mean  motion  of  die 
former  planet  being  a  small  fraction  less  than  twice  the  mean  motion  of 
the  latter.  According  to  Walker's  researches  the  mean  distanoe  of  Nej)- 
tune  is  80.0363.  Now  if  it  was  equal  to  80.4507,  the  mean  motion  of 
Uranus  would  be  exactly  equal  to  twice  the  mean  motion  of  Neptane. 
Sence  it  follows  that,  by  increasing  the  mean  distance  of  Neptune  so  as 
to  make  it  approach  indefinitely  near  to  30.4507,  the  eUipticity  depending 
on  perturbation  maybe  increased  without  limit,  the  mase  of  the  di$tu,rbimg 
body  and  all  other  circumetances  remaining  the  aame.  It  would  be  absoid 
to  suppose  that  the  slight  change  in  the  distance  of  the  disturbing  body 
could  produce  such  an  effect.  In  reality,  however,  this  circumstance  tencb 
to  weaken  the  intensity  of  the  disturbing  force,  since  the  mutual  distance 
of  the  two  planets  in  conjunction  obviously  increases  as  the  mean  distance 
of  the  exterior  planet  increases.  Nor  can  the  indefinite  increase  of  the 
inequality  be  explained  by  the  principle  of  the  disturbing  force  acting 
during  a  longer  period  of  time  as  the  mean  motions  of  the  two  planets 
approach  more  nearly  to  perfect  commensurability,  since  the  inequali^  in 
all  cases  passes  through  the  cycle  of  its  values  in  the  course  of  a  synodic 
revolution  of  the  two  planets.  The  conclusion  is  therefore  nnavoidaUe, 
that  the  maintenance  of  the  inequality  is  entirely  due  to  the  central  force, 
as  has  indeed  been  already  shown  by  an  examination  of  the  mode  in  which 
the  forces  operate. 

(78.)  This  point,  then,  being  once  established,  we  must  look  elsewhere 
for  the  efiFects  of  the  disturbing  force.  If  the  orbits  of  both  planets 
were  independently  circular,  these  effects  would  consist  in  a  uniform 
displacement  of  the  zero  points  of  the  inequality  above  referred  to,  and  a 
slight  disturbance  of  its  maximum  value  (withoot,  however,  inducing  any 
permanent  change)  on  the  occasion  of  each  conjunction.  Since  the  orbits 
of  both  Neptune  and  Uranus  possess  an  independent  eccentricity,  the 
effects  actually  produced  by  the  disturbing  body  at  each  conjunction,  will 
admit  of  being  represented  by  a  variation  of  the  perihelion  and  the  eccen- 
tricity, the  magnitude  of  which,  in  either  case,  will  generally  difier  for 
each  successive  conjunction.    Now  in  the  case  of  the  last  conjunction  of 
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B  Bod  Neptune,  tbe  distarbing  force  of  tb«  latter  plfinet  ^ima  repre- 
eenttd  very  nearly,  both  in  intensity  and  direction,  by  ih©  distarting  ibroe 
©f  either  of  the  hypothetical  plaoets  of  Adams  and  Le  Verrier.  Hence, 
as  like  causes  produce  like  effects,  we  are  warrauted  in  concluding  that 
tlw  kregularitie^  wbicb  either  of  the  hypothetical  planets  would  have 
beea  capable  of  producing  on  that  occnsiuu  are  exactly  commensurate  in 
magnitude  with  tliose  actually  produced  by  the  plauet  Neptune,  and  there- 
fore afford  an  equal  hold  to  the  geometer  for  inrestigadng  the  position  of 
the  disturbing  body.  In  fact,  it  will  appear  obvious  on  the  slightest  con- 
eideration  of  the  Eubject,  that  the  mere  circumfitaDce  of  the  near  comindit> 
Burebility  of  the  mean  motions  of  Uranus  and  Neptune  cannot  eiercise 
uy  influence  upon  the  magnitude  of  the  perturbations  produced  at  one 
oonjutkctiou  of  the  two  planets.  The  ellipticity  which  accompauiea  such  a 
Telation  of  the  mean  raotions,  has  its  magnitude  adjusted  so  ae  to  form 
ftn  opposing  obstacle  of  adequate  inertia,  if  vre  may  use  the  expression, 
to  the  distnrbing  force,  by  preventing  the  line  of  apsides  from  revolving  at 
a  morti  rapid  rate  than  that  at  which  the  line  of  (mean)  conjunction  re- 
volted, but.  in  so  far  as  its  own  exiateuce  is  concerned,  it  ie  maintained 
solely  by  the  action  of  the  central  force. 

(7fi.)  Prof  Peirce  has  e]diibited  a  comparison  between  the  numerical  Talues 
of  the  pertiirljations  of  Uranus,  as  computed  in  the  one  case  by  himself 
from  an  annlrtical  investigation  of  the  action  of  Neptune,  and  in  the 
Other  case  by  Mr.  Adams,  from  asinnlar  investigation  of  the  action  of  his 
second  hypothetical  planet.  The  enoriiious  discordance  between  the  results 
derived  from  these  two  distinct  sources,  appeare  to  Prof  Peirce  to  consti- 
tute a  sutficient  refutation  of  what  he  considers  the  fallacious  notion  "  that 
the  less  distance  of  Neptune  than  the  planet  of  geometry  is  compensated 
by  itfi  smaller  mass,  so  that  its  action  upon  Uraims  is  the  same  with  that 
^hich  was  predicted."*  He  remarks  that  the  ditferenoe  of  the  pertur- 
bations produced  by  the  two  planets  is  just  balanced  by  the  diSeretice 
due  to  the  cwrrections  of  the  elements  of  Uranus,  so  that  the  corre- 
Bpondiug  effects  upon  the  longitude  of  that  planet  are  equal  in  both 
theories. 

{80.)  We  may  reply,  with  reference  to  this  mode  of  Tiewing  the  subject, 
thai  the  formulie  of  analysis  do  not  furnish  a  direct  criterion  of  the  disturb- 
ing  action  of  a  planet  during  one  synodic  revolution.  It  muatbe  borne  in 
inind,  that  all  those  terms  which  are  not  absolutely  elliptical  (or,  in  other 
oiids,  which  do  not  rigorously  satisfy  the  differential  equation  of  the 
eecond  order  relative  to  elliptic  moliou)  are  contained  in  these  formulae, 
even  although  they  may  be  to  a  great  eitent  due  to  the  central  force. 
Such  is  tlie  case  with  respe^it  to  the  great  elliptic  inequality  in  the  per- 
turbfitiouB  of  Uranus  and  Neptune  depending  on  the  near  commensun.- 
hility  of  their  mean  motions.  Again,  there  are  terms  representing  in- 
equalities  of  long  duration  which  hardly  undergo  any  sensible  deviation 
from  elllpticity  during  one  synodic  revolution.  In  effect,  the  analytical 
theory  of  the  action  of  &  planet  supplies  a  fund  of  terms  adequate  to 
'^neet  the  requirements  of  the  ever-s-hifting  position  of  the  line  of  con- 
unction  with  respect  to  the  orbits  of  the  disturbing  and  disturbed  planets, 
throughout  indelintte  ages,  both  past  and  future.  Now  the  action  of  the 
planet  during  a  short  interval  of  time  is  embedded  in  these  terms,  bo  that 
it  is  impossible  to  estimate  its  xoagnitnde  by  the  numerical  ralues  of  the 
terms  corresponding  to  tho  same  intenal.  This  object  can  only  be 
•  Proc.  Amer.  Acad,  of  Arts  «id  Scktioei,  vol.  L,  p.  341. 
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effected  by  eliminating  firom  the  numerical  results  all  the  portion  ¥rliidt 
sensibly  coincides  with  elliptic  motion  during  the  period  of  time  under 
consideration.  If  both  planets  revolved  in  circular  orbits,  the  amount  of 
perturbation  thus  extinguishable  from  the  analytical  formuls  would  be 
the  same  in  each  synodic  revolution;  but  when  the  orbits  possess  any 
independent  eccentricity,  it  will  generally  be  different  It  will  at  once 
appear,  from  a  bare  inspection  of  the  numerical  results  giren  by  Mr. 
Aiuims  at  the  close  of  his  memoir*,  that  by  far  the  greater  portion  of  the 
perturbations  of  a  planet  as  represented  by  the  formule  of  analysis, 
coincides  sensibly  with  elliptic  motion  duriog  a  synodic  revolution  of  the 
two  planets.  Now,  since  the  action  of  Neptune  upon  Uranus  was  in- 
sensible from  1670  to  1800,  the  planet  must  have  revolved  during  the 
whole  of  the  included  interval  of  time  in  an  elliptic  orbit,  the  elements  of 
which  resulted  from  the  action  of  the  disturbing  body  on  the  occasion  of 
the  previous  conjunction  in  1660.  Hence  it  follows,  that  the  numerical 
values  of  the  perturbations  for  the  same  period  of  time,  as  derived  from 
the  analytical  formulae,  admit  of  being  represented  by  corrections  to  the 
elhptio  elements  of  the  planet's  motion ;  and  it  is  manifest  that  their 
subsequent  deviations  from  the  results  of  such  corrections  will  indicate 
the  action  of  the  disturbing  body  on  the  occasion  of  the  conjunction  of 
the  two  planets  in  1833.  If  the  perturbations  produced  by  the  hypo- 
thetical planets  of  Le  Yerrier  and  Adams  were  treated  in  the  same  way, 
the  direct  action  of  the  disturbing  body  would  similarly  emerge  in  each 
case  from  the  ellipticity  in  which  it  is  embedded,  and  it  is  manifest  4hat 
the  results  thus  obtained  would  coincide,  or  very  nearly  so,  with  those 
relative  to  the  direct  action  of  Neptune. 

(81.)  It  has  been  stated,  in  the  account  of  the  discovery  of  the  planet  Nep- 
tune (Chap.  XII.),  that  Le  Yerrier,  besides  determining  the  precise  posi- 
tion of  the  disturbing  body,  assigned  at  the  same  time  the  limits  of 
longitude  within  which  it  was  probably  confined,  and  also  the  limits  of 
the  elements  of  its  orbit.  In  this  part  of  his  investigation  he  attributed 
a  large  probable  error  to  the  observations,  distinguishing  them  accord- 
ing to  the  degree  of  confidence  to  which  he  considered  them  to  be  en- 
titled on  the  score  of  accuracy.  The  error  of  Flamsteed's  observation  of 
1690,  was  estimated  by  him  to  be  25".  The  subsequent  observations  of 
the  planet  down  to  the  epoch  of  its  discovery  in  1781,  were  supposed  to 
be  erroneous,  in  some  cases  to  15";  in  others  to  only  10".  The  modem 
observations  of  the  planet,  extending  from  1781  to  1845,  were  all  esti- 
mated to  have  a  probable  error  of  5".  It  must  be  acknowledged  that  the 
conclusions  at  which  he  arrived,  relative  to  the  limits  of  the  elements  of 
the  disturbing  body,  have  not  been  subsequently  borne  out  by  the  results 
deduced  from  actual  observations  of  the  planet  Neptune.  Thus  he  found 
that  the  mean  distance  of  the  disturbing  body  could  not  be  greater  than 
37.90  nor  less  than  35.04.  Now  we  have  seen  that  the  most  probable 
value  of  the  mean  distance  of  the  planet  Neptune  is  30.0363.  This 
large  discordance  between  theory  and  observation  cannot  be  removed  by 
attributing  to  the  observations  of  Uranus  a  larger  probable  error  than  that 
which  Le  Yerrier  assigned  to  them ;  since  it  appears  that  the  action  of  Nep- 
tune accounts  for  the  irregularities  of  that  planet  to  a  degree  of  accuracy 
which  obviates  the  necessity  of  supposing  the  observations  to  be  erroneous, 
even  to  so  great  an  extent  as  Le  Yerrier  estimated  them  to  be.  The  following 
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tAb]e»  oon^nicted  bj  Prof.  Peiree,  exKiblts  on  interesting  tiew  of  tlie 
residaAl  errors  in  the  longitude  of  Umnas.  corresponding  to  four  dktinot 
theories  of  the  pknet.  The  numbers  in  the  second  eolomn  are  the 
results  of  Le  Verrier's  attempt  to  account  for  the  irre^larities  of  the 
planet  without  supposing  it  to  be  influeniced  by  any  foreign  causa  of  dis- 
turbance. The  third  and  fourth  columns  contain  the  errors  of  the  theories 
of  Le  Verrier  and  Adams,  founded  on  the  assumptiou  of  the  existence  of 
a  disturbing  pl&net  The  fifth  column  exhibits  the  residual  errors  of  the 
planet  after  taking  into  account  the  action  of  Neptune  as  calculated  bj 
Prof.  Peiree.  ^m  the  elements  of  Walker,  The  mass  of  Neptune 
employed  in  these  calculatioog  was  deduced  by  Prof.  Peiree  from  Boud's 
ob^errations  of  the  satellite  discovered  by  Lassell.  The  results  doe  to 
Le  Verrier  inserted  in  the  second  and  thii^  ciDlumns*  represent  the  excess 
of  theoiT  over  observation.  The  same  la  true  with  respect  to  the  numbers 
in  the  fourth  column  containing  the  results  of  Adams's  theory;  but,  in 
conseqtience  of  this  circumstance,  their  signs  are  coutra3*y  to  those  of  the 
same  numbers  in  Peiree  s  table.  Prof.  Peiree  does  not  state  whether  the 
numbers  in  the  fifth  column  represent  the  excesses  of  theory  above  obser' 
vatioD,  or  tbo^  of  observation  above  theory  ;  but  this  poiut  is  immateri^ 
in  BO  far  as  our  prescBt  purpose  is  concerned. 

fiSSIDUiX  UIFFERENCEa  BETWEEN  TirE   THEORlSTIOAL  AND  OBSERVED 
LOlfGlTtJDES   or   n&AJNUS. 


By   Le  T*mer'» 

Bt  Adams'f 

1      By  fam't 

Dilck 

Withoal  mnj  ex- 

the«iy  of  It  die- 

theory  (Hyp.  11.) 

ibwry  of  ibe 

tftnia)  p]viet 

turiiiag  pUfiet 

nuaa  of  didarbuig 

pUuet  Neptnne 

ma*  »  jj^. 

ptanet  «-  j^. 

™"-TiW 

1845 

+      G".5 

-    0".S 

—  0".9 

1840 

+      0.7 

+     a.a 

^     l.S 

-     1.1 

1S35 

—      4.5 

-      0.8 

+     1.2 

+    3.0 

1829 

-      7.8 

—    a.a 

-    3,0 

+    0,8 

1824 

-      7.6 

-       6,4 

—     1.7 

-    2.0 

1610 

+      98 

+       0.4 

+    2.'^ 

+     1.0 

leis 

+      4.5 

—      0.0 

+     1.0 

-    0.3 

1808 

+      3.8 

+       0.8 

00 

-     0.4 

1803 

-      3.4 

+       0.8 

-     l.B 

+     0.8 

1T9T 

-      6.7 

—       1.0 

+     0.5 

+     0.3 

im 

-      7.8 

+      0.3 

+     1,1 

+    0.3 

1787 

+      2.0 

—       1.2 

+   o.a 

—    0.5 

1789 

+  aa.5 

+     as 

0,0 

-    3.0 

17B9 

+  133.3 

+      3.7 

-    1.8 

—    6.0 

1756 

+  230.9 

—      4.0 

+    4.0 

+    4.0 

1716 

+  S7e.6 

+      5.6 

+     6.6 

+    8.7 

1690 

+  S89.0 

—  lo.g 

-  50.0 

+    0.8 

(83.)  Le  Verrier  has  attempted  to  defend  the  conclugions  at  which  he  ar- 
iiTed  relative  to  the  limits  of  the  mean  distaDce  of  the  hypothetical  planet 
upon  the  ground  that  he  assigned  too  bhmlU  a  probable  error  to  the  obser- 
vations. •*  When  the  calculation  of  the  limits  of  the  mean  distance,"  says  be, 
'*  is  resumed  with  other  probable  errors  of  observation  than  5",  it  will 
readily  be  seen  that  the  Inberrfil  included  between  these  Hmita  by  no 
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means  varies  proportionally  to  the  uncertainty  of  the  data.  It  Taries  moch 
more  rapidly.  Thus  while  for  a  probable  error  of  5"  in  the  data,  we  find 
2.86  for  the  interval  between  the  limits  of  the  mean  distance,  this  interval 
so  diminishes  with  the  probable  error,  that  when  the  latter  is  reduced  to 
half  this  quantity  we  no  longer  find  any  value  of  the  mean  distance  which 
can  satisfy  the  question.  And  on  the  contrary,  when  the  probable  error 
of  the  modem  observations  is  extended  beyond  6",  the  inferior  and 
superior  limits  of  the  mean  distance  will  be  found  to  vary  with  rapidity, 
and  to  leave  the  greatest  latitude  in  the  choice  of  that  auxiliary."* 
These  remarks  are  not  borne  out  by  the  results  contained  in  the  foregoing 
table.  The  action  of  the  planet  Neptune  accounts  for  the  irr^ularities 
of  Uranus,  without  even  supposing  so  large  an  error  as  5"  in  the  modem 
obsen'ations,  and  yet  its  mean  distance  is  80.0863,  which  is  far  below 
Le  Verrier's  inferior  limit  of  the  mean  distance.  The  modem  observa- 
tions of  Uranus  are  satisfied  to  within  W  by  the  action  of  Neptune, 
whereas  Le  Verrier  found  that  if  the  probable  error  of  these  ob^rvations 
was  reduced  to  i2".5,  there  is  no  mean  distance  of  the  hypothetical  planet 
which  could  satisfy  the  observations.  The  trifling  difference  between 
8"  and  2".  5  can  hardly  serve  to  account  for  the  discrepancy  which  here 
presents  itself  between  the  results  of  Le  Verrier's  theoreticid  researches, 
and  those  relative  to  the  perturbations  actually  produced  by  Neptune. 

It  is  manifest,  without  pursuing  the  subject  any  further,  that  the  limits 
assigned  by  Le  Verrier  to  the  mean  distance  of  the  hypothetical  planet, 
are  at  direct  variance  with  the  mean  distance  of  Neptune,  as  deduced 
from  actual  observation.  Nor  is  it  a  matter  of  any  importance,  whether 
the  elements  employed  in  calculating  the  action  of  Neptune  do  or  do  not 
represent  the  true  orbit  of  that  planet.  It  is  sufficient  that  an  orbit  can 
be  assigned,  the  mean  distance  of  which  lies  far  below  the  inferior  limit 
assigned  by  Le  Verrier,  in  which  if  a  planet  of  a  given  mass  be  supposed 
to  revolve,  its  action  will  be  capable  of  completely  accounting  for  the 
irregularities  of  Uranus. 

(83.)  The  question  then  arises,  where  are  we  to  look  for  the  origin  of  this 
discordance  between  theory  and  observation  ?  In  order  to  arrive  at  some 
conclusion  upon  this  point,  it  is  necessary  to  direct  attention  to  the  method 
of  investigation  by  which  Le  Verrier  deduced  his  final  results  respecting 
the  hypothetical  planet.  The  groundwork  of  these  results  consisted  of 
thirty-three  equations  of  condition.  XiO  Verrier  concluded  from  his  pre- 
vious researches  that  — ,  the  ratio  of  the  mean  distance  of  Uranus  to 
a' 

that  of  the  hypothetical  planet,  must  be  very  nearly  equal  to  .51,  and  that 
f,  its  mean  longitude  at  the  beginning  of  the  year  1800,  must  be  con- 
tained somewhere  between  234°  and  270°.  He,' therefore,  in  his  final  in- 
vestigation assumed  -;  =  5H-02y,  and  •  =  262*  +  18"^,  y  being  a 

quantity  which  he  imagined  would  not  difier  much  from  unity,  while  Cwss 
supposed  by  him  to  lie  somewhere  between  +  1  and  —  1.  Besides 
these  quantities  each  of  the  equations  contained  other  seven  unknown 
quantities,  namely,  the  corrections  of  the  four  elements  of  Uranus,  and 
the  eccentricity,  longitude  of  perihelion,  and  mass  of  the  disturbing 
planet.    The  corrections  y  and  b  enter  into  the  equations  in  a  very  com- 

•  Comptet  Rendu%  tome  zzvii.,  p.  S90. 


plicated  manner:  Lut  if  we  suppose  tbese  quautitteg  to  be  kTJo\™,  the 
equations  assume  a  linear  form,  atid  the  values  of  the  remaining  quautitie^s 
may  be  obtained  without  aisy  serious  dilUctiltj,  Le  Verrier  propoaed  to 
pve  the  equations  a  linear  furiu  by  employing  particular  values  of  y  and 
f,  aasaming  such  values  as  he  expected  would  not  be  very  distant  from 
the  real  values.  For  this  purpose  he  selected  six  particular  sets  of 
values,  namely,  (>-  =  --  I,  e  =  0),  (7  =  0,  C  =  ~  1),  (y  =  0.  ^  =  0), 
(y  =:  0.  ?  =  1),  (7  =  I,  C  =  —  J),  (y  =  1,  ^  =  0):  and.  sub- 
stitnting  these  successively  in  the  thirty-three  equationa  of  con- 
dition, he  obtained  six  distinct,  groups  of  equations  involving  the 
remaining  seven  unknown  quantities.  These  equaiiont^  being  all 
litjear,  he  at  once  derived  from  them  the  particular  values  of  six  of  the 
unknown  quantities,  and  finally,  by  ^ubstitulion,  he  obtaiued  eix  sets 
of  equBUonB  corresponding  to  the  particular  values  of  y  and  ?,  which  in- 
volved only  one  unknown  quantity,  namely,  the  mass  of  the  disturbing 
planet.  These  equntions  would  be  the  particular  forma  assumed  by  the 
original  equations  of  condition,  if  iho  ^\x  unknown  quimtjties  referred  to 
had  been  in  the  first  instance  eliminated  from  them,  and  then  each  par- 
ticular set  of  values  bod  been  substituted  for  y  and  ^.  Le  Verrier  proposed, 
therefore,  to  construct  the  geueral  equations  involving  y,  ff,  andwj'  by  means 
of  the  ^\x  sets  of  particular  equations  involving  m'  alone.  He  a;33umed, 
moreover,  that  the  general  form  of  the  equation,  might  be  represented  by 
ao  algebraic  function  of  the  second  degree  with  respect  to  y  and  C 
From  these  equations  he  deduced  the  most  accurate  values  of  y.  C,  and  m'. 
In  this  manner  he  found  7  =  l,O'20.^^  —  0.tt5,  andm'  ^  l.OTii,  the  mass 
of  the  sun  being  supposed  equal  to  10,000.  The  liraitiag  values  of  these 
quantities  were  determined  by  a  di&cusaion  of  the  equations,  founded  on  the 
anppositionof  tbe  various  observations  being  erroneous  to  the  eiteot  already 
mentioned,  The  most  accurate  value  of  7  assigned  30.1539  as  the  mean 
distance  of  the  hypothetical  planet,  and  the  discussion  of  limita  gave 
37.P0  and  35.04  for  the  extreme  values  of  that  element. 

(84.)  Prof.  Peirce  has  suggested,  that  the  circumatance  of  the  mean 
distance  of  Neptune  not  being  comprehended  within  the  limits  assigned 
by  Le  Verrier  to  the  mean  distance  of  the  hypothetical  planet,  may  have 
arisen  from  an  oversight  on  the  part  of  the  latter,  in  not  having  taken 
into  account  the  peculiar  character  of  the  perturbations  which  would  be 
produced  if  there  existed  a  relation  of  perfect  commenaurability  between 
the  mean  motions  of  the  disturbing  and  disturbt-d  planet*.  "  An  im- 
portant change,  indeed,  in  the  character  of  the  perturbations,"  says  he, 
"  takes  place  near  the  distance  35.3  ;  so  that  the  continuous  law  by  which 
such  inferences  are  justified  is  abruptly  broken  at  this  point,  and  it  was 
hence  an  oversight  in  M.  Le  Verrier  to  extend  his  inner  limit  to  the 
distance  35.  A  pkuet  at  the  distance  35.3  would  revolve  about  the  sun 
in  310  years,  which  is  exactly  two  and  a  half  times  the  period  of  the 
revolution  of  Uranus.  Now,  it"  the  times  of  revolution  of  two  planets 
were  exaiCtly  as  2  to  6,  the  etfecls  of  their  mutual  influence  would  be 
peculiar  and  com  plicated,  and  even  a  near  approach  to  this  ratio  gives 
rise  to  tho^e  remarkable  irregularities  of  motion  which  are  exhibited  in 
Jupiter  and  Saturn,  and  which  greatly  perplexed  geometers  until  they 
were  traced  to  tlieir  origin  by  Laplace.  This  distance  of  35,3,  then,  is 
a  complete  l>arrier  to  any  logicEii  deduction,  and  the  investigations  with 
reigAra  to  the  outer  apace  cannot  be  extended  to  the  interior/'  * 
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(35.)  Fkusible  vb  these  remarks  may  at  first  siglit  appear  to  be.  ve 
venture  to  assert,  with  all  due  respect  to  Prof.  Pcirce,  that  they  will  b« 
found,  upoti  an  atterttive  exEimiDMtion  of  the  subject,  to  hara  no  easeituaJ. 
connection  with  the  point  ut  issue.  It  luast  be  bom«  in  mind  that  1Jb*i 
question  under  consiaeration,  as  it  suggested  itself  to  Le  Verrier, 
this — within  what  limits  may  the  mean  distance  of  the  hypothetkall 
planet  vary,  so  that  a  detemiinate  number  of  ob&e nations  of  Urmnnj 
included  between  the  years  I6n0  and  1845  may  be  satisfied  hv  tb«j 
turhing  action  of  the  planet  within  certain  a^stgrmble  limits  of 
Now,  the  consequences  resulting  from  a  near  approach  to  oomi 
surability  in  the  mean  motions  of  the  two  planets  can  only  be  d^^l 
in  tlie  course  of  many  synodic  revolutions.  As  to  an  exact  coi 
Biurability  of  the  mean  motions,  it  wilt  be  found,  on  a  very  sUgllti 
sideration  of  the  subject,  to  be  incompatible  with  the  mutnal  action 
the  two  planets  ;  but  at  all  events,  it  is  manifest  that  surh  a  condituNi ' 
cannot  eieroisc  any  peculiar  inEuenoe  on  the  perturbationa  of  etiher 
planet  during  a  abort  interval  of  time.  Hence  it:  follows,  thftt  wketlier 
the  mean  mottona  of  the  disturbing  and  disturbed  planeta  he  to  etdi 
other  exactly  aa  2  to  6,  or  whether  they  bo  very  nearly  t a  lliis  rttUK., 
the  eHects  produced  by  their  mutual  action  must  be  aeimbly  the 
during  the  limited  period  of  time  over  which  the  obsenralioDS 
We  may  remark  further,  that  innumerable  instances  of  commena 
may  be  suggested  between  the  limitg  assigned  by  Le  Verrier, 
the  relation  alluded  to  in  the  foregoing  passage  by  Prof  Pdrve, 
and  that  the  inequality  arising  from  a  near  approach  to  such  a  relation 
in  any  case,  may  be  rendered  theoretically  as  great  as  we  please  by  hrinf- 
ing  the  mean  motions  suffjciently  near  to  the  condition  of  perfect  com- 
mensurability.  It  is  manifest,  however,  that  the  contingent  occurrviiM 
of  any  such  relation  between  the  mean  raotioni^  of  the  two  p)an<^  ii 
entirely  foreign  to  the  question  under  exauiinution,  which  merely  rvktta 
to  die  direct  action  of  Neptuns  during  the  interrnl  con)pris«d  betweai 
they  ears  1 6i)0  and  1845,  a  period  of  time  embracing  leas  than  ooe  »jno£a 
revolution  of  the  two  planets.  ^^" 

(86.)  But  it  may  be.  asserted,  in  support  of  the  argument  of 
Peirce,  that,  although  the  inHuence  of  an  exact  coniDtonsurability  o 
mean  motions  of  the  two  planets,  or  of  a  near  approach  to  that  reli 
is  unimportant,  in  so  far  a^  tho  mutual  action  of  the  two  bodies  di 
short  interval  of  time  is  concerned,  still  Le  Verrier,  by  r^-^-i- 
limits  of  the  mean  distance  of  the  hypothetical  planet  from  . 
muliB  involving  the  mean  motious  of  tlie  two  planets  as  arbilriirv  .  ui 
without  taking  into  cousuleration  the  discontinuity  occasioned  by  the ' 
of  any  of  the  terras  of  the  formuW  through  infinity  in  oon»equeiie«  of  a 
relation  of  commensurability  between  the  mean  motions, committed ttnefTpr 
of  reasoning,  which  couM  not  fail  to  vitiate  his  results.  To  thiaic  ouiybt 
replied,  that  the  formulro  which  Le  Verrier  used  as  the  groundwork  of  Intff' 
searches  do  not  contain  the  terms  invohing  the  rslatiou  bctw«jrn  th« 
motions  alluded  to  by  Prof,  Peirce.  But,  in  point  of  fm-'i,  the  ropi) 
ployed  by  Le  Verrier  in  hia  final  researches  on  the  hy^thfltioit  plcDill 
totally  independent  of  any  relation  of  commensurabihly  wluoerer.  IIMi 
action  of  the  disturbing  body  in  computed  for  a  certain  number  of 
of  the  mean  distanrie,  and  n  general  equation  *  of  tli«  MCOlid 
voJving  the  true  correction  of  that  elementv  is  then 
*  In  tbii  aad  it\  «very  nibieiiuent  imtnncQ  In  mhkk  the  word  cvh^jm  hi 


the  particular  results  by  inter polatiou.  It  is  manifest  that,  by  «iich  a 
method,  be  gets  nd  of  the  embarrassment  which  might  be  occasioned  bj 
the  {M^^sage  through  itifiuity  arising  from  a  rdalioD  of  perfect  cotnmen- 
sorabilitj  iu  the  meau  motions  of  the  two  planets;  so  that  any  objection  lo 
his  reasoning  founded  upon  that  ground,  cannot  be  admitted  to  poaBesa 
any  weight.  Indeed  any  attempt  to  determine  the  limiting  vaJuea  of  the 
elements  of  the  disturbing  planet  by  the  general  formula  of  perturbation, 
ifDuld  sectm  to  be  utterly  impracticable  in  the  present  state  of  anal^'sis. 

(B7.)  The  question,  however,  still  remaina  for  solution — how  are  we 
to  account  for  the  circuraatance  of  the  mean  distance  of  Neptune  not 
being  included  within  the  limits  asBigned  by  L©  Verrier  to  the  mean 
distance  of  the  hypothetical  planet?  It  appears  to  roe  that  the  discord- 
ance is  attributable  partly  to  Le  Verrier  having  arbitrarily  assumed  the 
form  of  the  general  expression  involving  y  and  v,  and  partly  to  bis  having 
Hxed  the  particular  values  of  these  corrections  too  near  each  other.  If, 
indeed,  we  could  be  aasnred  beforehand  of  the  u-hereabou(s  of  the  most  accu- 
rate values  of  v  and  ^,  it  plainly  follows  that  the  genemJ  equations  involving 
these  quantities  would  be  moat  faithfully  represented  by  an  algebraic  function 
of  the  second  degree,  provided  that,  in  the  construction  of  the  latter,  such 
jMJticular  values  had  been  employed  as  were  at  no  great  distance  from  the 
approximate  values.  That  Le  Verrier  was  under  the  impression  of  the 
most  accurate  values  of  y  and  C  being  included  within  the  limits  of  the 
interpolated  values,  is  evident  from  the  following  worde  used  by  him: — 
"  Da/M  ia  aotutwn  d  iaquslh  howj!  arrirerom  en.  definitive,  y  gera  a  trM 
peu  pres  egttl.  ii  1.  et  S  sera  cotupris  ^itre  0  et  —  I  ;  en  sorte  qve  Ie» 
valeurs  particnUere»  des  fonctwit^  aalcuUg&pQur  les  dieen  i'tats  det  punabiga 
yti#  nous  tmons  d^indiquer,  assurait,  dans  let  ettviront  de  la  solution  qui 
C<iHvi^nt  au  probleme^  Vt^aetitwi^  de  la  marche  d^s  es^resitiotis  aigd'riqtua 

tproch^es  iiuxqudle*  nout  parviendrom." * 

(1^8.)  Now  if  we  assume  as  the  elements  of  the  planet  Neptune  those  de- 
iuced  from  observation  by  Walker,  we  shall  obtain  y  =  0.432,  C  =  — 1.403. 
It  will  be  i^een,  however,  that  these  values  are  very  far  rcmpvod  from 
tJiOse  purlicular  values  by  means  of  which  Le  Verrier  eouiitructed  the 
general  equations  involvitig  y,  C.  and  m'.  Since  it  appears,  then,  that 
the  interval  between  the  limits  of  the  mean  distance  vastly  exceeds  the 
corresponding  interval  dedmiible  from  the  researches  of  Le  Verrier,  it 
may  fairly  be  qaestioued  whether  an  algebraic  function  of  the  second 
degree,  constructed  from  particular  values  of  y  and  f,  widely  distant  from 
the  real  values,  is  capable  of  representing  with  sufficient  fidelity  the  form 
of  the  general  equations  involving  y,  <^,  and  m',  such  as  they  would  result 
after  the  elimination  of  the  other  utikuown  quantities.  If  we  eould  be 
aasnred  that  any  values  of  y  and  S  included  within  the  limits  of  the  par- 
ticular values  employed  by  Le  Verrier  in  hia  researches  wtre  capble  of 
satisfying  the  observations  of  Uranus  with  tolerable  preciinion,  it  might 
then  be  expected  that  the  equations  of  the  second  degree,  constructed  by 
that  geometer,  would  assign  values  of  y  and  S  differing  only  in  a  slight 
degree  fxom  the  approximate  values.  Thi:^  would  follow  as  an  obvious 
consequence  of  the  vicinity  of  the  particular  values  of  y  and  ^  to  the 
approximate  values,  combined  with  the  absence  of  any  rapid  variation  of 
the  algebraic  function  representing  the  equations.    Now  Le  Verrier  found, 

fenii*  are  supposed  to  be  all  ran^tcd  nn  one  side  fo  as  to  conetituieui  nlffcbraic  function 
«qii!U  to  «em,  and  it  is  to  such  a  function  that  the  enprefflioci  k  contiderea  to  apply. 
*  "  R^cherclies  lur  les  Mou?emeni  de  la  Planete  Hendwl,"  p.  196. 
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by  his  prerioQs  researches,  tlmt  the  obaervationa  would  be  tctt 

sfttiifieJ  bj  supposing  y  =  0,  C^  =  0.     It  might,  iherefore,  be  infei  

that  the  equations  woald  assigu  to  y  and  *  values  of  inconsidemWe  mdgni- 
tude,  which  would  pi'ol>ably  satisfy  the  obaervaiiows  to  a  still  greolfr 
degree  of  accuracy.  But  if  the  algebraic  function  of  the  secund  degree, 
involving  y.  ^^and  m',  did  not  represent  with  sufficient  fidelity  th«?  equauaus 
rebuking  from  the  eliminaiioD  of  the  other  unknown  quantities  uf  ilw 
problem,  it  would  mfliiifestly  follow  tlmt  any  values  of  ■)-  and  C.  rofutdfral'ttf 
removeii  from  the  piirticnlar  values  by  means  of  which  XjC  Verrier  oaa- 
Btructed  the  ulgebmic  equations,  would  fail,  in  a  corresponding  degree,  to 
eatiafy  these  equations,  evtn  altkouijh  such  valws  should  satisfy  (A#  oi^ 
Mrvations  of  the  planet  ait  leell  an  amj  othftn. 

(ft0.)  Acco^rding  to  this  viewof  the  subject,  the  estreme  values  of  the  tnean 
distance  resulting  from  Le  Verrier'a  researches  ought  to  be  oonsidereij 
indicating,  not  the  limits  within  which  the  observations  of  Urauua  m^ 
be  satisfied,  by  attriliuiing  to  each  nf  them  a  probable  error  of  a  cer 
magnitude,  but  those  within  which  sn  algebraic  funetion  of  the  second 
dej^ree,  involving  7,  C,  and  tn\  coU'Strncted  from  certain  prirliculnr  vsIiiM 
of  the  two  former  quantities,  is  capable  of  representing  the  equations  r^ 
Bulthjg  from  the  elimination  of  the  other  unknown  quantities  of  iba 
problem.  Admitting  this  to  be  true,  it  would  folluw  that  if  Lc  Verrier 
had  assumed  30.03(3!)  as  his  approximate  mean  distanoe,  and  constructMl 
hie  equations  by  means  of  a  series  of  particular  values  of  7  and  C  cog* 
responding  to  mean  distances  in  the  immediate  vicinity  of  the  approxi 
value,  he  would  have  obtained  for  the  latter  merely  a  slight  oorrec 
while  nt  the  »ime  time  he  would  have  deduced  hmiting  values  which 
would  have  totally  excluded  the  results i}f  hia  actual  researches. 

(flO.)  The  conclusion  definitively  suggested  by  the  foregoing  f^mtritait, 
that  Le  Yerrier  a  theory  of  limits  is  raUter  specious  than  real,  in  so  far  as 
it  relates  to  the  possibility  of  representing  the  observations  of  llranu* 
within  a  certain  range  of  mean  distiuice  upon  the  supposition  of 
each  of  them  oontaining  a  probable  error  of  a  certain  magnitude. 
It  is  not  pretended,  liowever,  that  these  roinarks  iuvolv«  the  tnin 
ejcplanation  of  the  remaikable  discordance  which  prevails  iMitwt^n  the 
results  of  Le  Vorriers  researches  and  tbose  dedtn^ible  from  obset 
tions  of  the  planet  Neptune.  They  are  merely  put  forth  with  the  viei 
indicating  a  probable  mode  of  accounting  for  the  disnr»rd«iM,'e,  in 
abisence  of  a  thorough  investigation  of  the  subject.  Uutil  ibis  l>e  accoOK 
plished  there  is  full  warrant  for  suspecting  the  legitinmry  of  the  mel 
by  which  Le  Verrier  arrived  at  his  results.  This  in  a  puini,  howrrci 
very  trivial  inipoftant'C,  whirh  docs  not  in  the  remotest  degree  Kflbcfcj 
meriuj  of  that  iiluHtriotm  geometer,  in  &o  far  as  his  theoretical  dk 
of  the  planet  Neptune  is  concerned. 

(9 J.)  We  shall  conclude  with  a  few  remarks  on  a  i^eotitl  nulilWw 
tion  entitled  '*  lirporl  to  the  Smithsonian  Ijistitutwn  onthf  History  of  tit 
Disco  tient  of  Ntj/tutir."  * 

The  autjjor  of  ihiw   Iteport,   Mr.  Goulds  of  Catnbridgv,   U.S.,  wbdilt 
giving  full  credit  to  both  Le  Verrier  afid  AdamR  for  the  ncruracy  of 
respective  solutions  of  the  invor&o  problem  of  perturbation,  Mnntly  1 
Uuui  the  opitiiou  f'Jtiiresfjed  Isy  hiH  countryman,   Prof.  Peirce,  to  tht> 
that  tlie  remarkable  couuixioti  which  was  found  to  ^ubaist  Uctwaea 
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theoretical  regearchea  of  these  fjeometers  and  the  actual  position  of  the 
planet  Neptune,  must  be  regarded  as  wholly  fortuitous.  Let  us  exaroiu© 
some  of  the  argtimeots  which  he  adduces  in  support  of  this  peculiar  view 
of  the  aubjecL 

(92.)  It  haa  been  stated  (p.  185)  that  Mr.  Adams,  in  his  final  communi- 
cation to  the  Aatrotioitier  Royal,  remarked  that  the  observations  of  Uranus 
would  in  all  probability  be  satisfied  best  by  adopting  for  the  hypothetical 

Slanet  s.  mean  distance  equal  to  HS.^.  He  was  led  to  eotertain  this  opinion 
ja  comparison  of  the  errors  of  his  theory  for  the  three  oppositions  of  Uranus 
in  1843-44-45,  resulting  from  the  two  hypotheses  of  the  mean  distiuice 
which  he  had  already  employed  in  hia  researches.  It  is  manifest,  when 
this  inference  is  viewed  in  coDuexion  with  hia  previous  results,  that 
Adams  had  renounced  all  faith  in  even  an  approxitnation  to  Bodes  law 
of  the  distances  of  the  planets,  and  that  the  current  of  his  researches  was 
rapidly  conducting  him  to  a  mean  distance  of  the  hypothetical  planet 
agreeing  ^vith  the  actual  mean  distance  of  the  planet  Neptune*  Mr^ 
GouM  seeks  to  depredate  the  merit  of  thia  sagacious  conclusion  by  con- 
tending that  a  mea.ti  distance  equal  to  3:1.6  would  give  erroneous  results. 
'*  Le  Verrter,"  says  he,  "  baa  shewn  that  the  assumption  of  even  35  as 
the  mean  distance  M'ould  lead  to  intolerable  discordances,  Peirce  has 
further  proved  that  an  important  change  in  the  character  of  the  perturba- 
tions takes  place  near  the  distance  95. ti.  It  is  therefore  evident  tb&t  no 
claims  can  be  based  upon  the  rough  inference  alluded  to." 

It  has  been  mentioned  that  Peirce  objected  to  the  reasoning  by 
which  Le  Verrier  established  the  inferior  limit  of  the  mean  distance  of  the 
hypothetical  planet  (35.04),  on  the  ground  of  the  couliuuity  of  the  investi- 
gation being  broken  at  tlie  distance  'AbS  by  the  commensurability  of  the 
mean  tnoiions  of  the  two  planets.  It  is  plain,  therefore,  that  the  pro- 
positions announced  by  these  two  geometers  are  mutually  incompatible  ; 
and  yet  Mr.  Gould  adduces  them  as  confirmatory  of  each  otber !  We 
have  already  had  occasion  to  remark  that  there  do  not  exist  grounds  for 
suppoaing  that  either  of  them  is  entitled  to  any  contidence. 

(U3.)  Mr.  Gould  admits  that  I^  Verrier  may  be  considered  the  discoverer 
of  the  planet  Neptune,  in  so  far  as  he  proved  not  only  that  it  was  impossible 
to  represent  the  motions  of  Uranus  without  the  assumption  of  some  un- 
known disturbing  body,  but  that  the  perturbations  were  of  that  analytical 
form  which  belongs  to  an  exterior  planet. 

Kow  it  appears  to  me,  that  tbe  latter  assertion  is  at  direct  variance  with 
the  actual  state  of  the  question,  Le  Verrier  demonstrated,  by  bis  re- 
searches, that  the  perturbations  were  such  as  would  be  produced  by  the 
direct  action  of  an  exterior  planet  during  the  interval  of  time  over  which 
the  observations  extended  :  but,  with  respect  to  the  analylical/orm  o(  these 
perturbations,  it  depended  on  the  elements  of  the  disturbing  planet,  which 
were  beyond  the  scope  of  investigation,  aud  in  fact  turued  out  to  be 
entirely  different  from  those  deduced  by  Le  Verrier, 

(94,)  Mr.  Gould  further  remarks  that  Le  Verrier  omitted  the  considera- 
tion of  the  terras  depending  on  a  near  approach  to  commensurability ;  but 
that  this,  altliougb  certainly  a  defect,  cannot  be  considered  as  au  error  in 
the  theory,  since  within  the  limits  where  he  had  reason  to  suppose  that 
the  orbit  was  situated,  these  terms  are  almost  uniformly  negligible. 

With  reference  to  this  point  it  may  be  remaiked,  that  the  irregularities 
in  the  motion  of  Uranus  depended  on  the  direct  action  of  Neptune  during 
th«  period  of  last  cot^ unction,  and  not  on  the  analytical  theory  of  that 


planet,  which  involves  all  the  GonseqaeticeB  liable  to  be  developed,  tn  tlie 
lapse  of  indefiiiite  ages.  Hence  it  13  manifest  that  the  ubseuee  of  any  re* 
semblance  betwceu  the  theory  of  the  hyjwthetical  planet  of  Le  Verriir 
and  that  of  the  planet  Neptune,  cannot  be  considered  aa  sfToctiug  in  the 
slightest  degree  the  merit  of  Le  Verrier's  researches,  in  so  far  as  they  had 
for  their  object  the  discovery  of  tJie  disturbing  body.  Even  in  the  case  of 
Neptuue,  the  terms  to  which  Mr,  Gould  alludes  do  not  exerdae  any 
sensible  InHuence  on  the  action  of  the  planet  between  the  years  1600 
and  1845. 

(95,)  With  reference  to  the  same  geometer  Mr,  Qould  makes  the  folbning 
statement  •.-^"  His  laborious  mid  elegant  researches  have  been  croir&M 
with  brilliant  success,  and  M.  Le  Verrier  himself  rewarded  by  the 
sciousness  of  having  been  the  imntediale  occasion  of  the  disoovi 
Neptane.  And  althon^h  the  afjreement  of  Nfpiune's  direction  ai 
time  of  the  discovery  mtk  the  direction  0/  the  theoretical  planet  teas 
accid^Htal,  it  almost  seems  an  though  the  fteavem  strove  to  show  tl 
proftitioiUf  so  happy  was  the  accident,  so  vEonderful  iKe  coineidetw^"  * 

(96.)  Leaving  tbe  above  passage  to  the  reader's  o^vn  reflections,  we  pi 
to  notice  one  or  two  other  statements  of  Mr  Gould's.  Referring  id  ' 
assertion  of  Sir  John  Herschel,  in  his  *'  Outtifiet  of  Aafronom^,"  that  the 
longitude  and  radius  vector  of  the  hypothetical  planet,  whether  of  Adams 
or  Le  Verrier,  very  nearly  coincided  with  the  longitude  and  radius  vector 
of  Neptune  during  the  period  of  its  actiDit  being  sensible,  Mr.  Gould 
remarks: — ^"  But  surely  it  cannot  he  considered  aa  an  analogy  betwwm 
the  two  orbits,  that  tUa  perihelion  of  the  one  was  so  near  the  aphelion  ol 
the  Other/' 

The  analogy  between  the  two  orbits,  demanded  by  the  question  relative 
to  die  disturbing  body,  waa  confined  solely  to  a  pretty  close  coiucideuoe 
of  the  paths  of  the  hypothetical  and  real  planets  during  the  period  of  the 
disturbing  fon^e  being  bonsible.  Even  in  thiacase  it  wa^  a  near  agreement 
of  the  longitudea,  rather  than  of  the  distances,  which  was  required  by  thu 
conditions  of  the  problem.  With  reapect  to  the  absolute  identity  of  the 
two  orbits,  the  eatablishuient  of  such  a  condition  was  an  object  of  no  ini' 
portance  in  so  far  as  the  discover^'  of  the  disturbing  l)ody  was  cunocm^dL 
Sir  John  Herschel,  in  the  work  to  which  Mr.  Gould  refers~eo  fiir 
attempting  to  demonstrate  any  resemblance  between  tb©  elements  of ' 
tune  on  the  one  hand,  and  those  of  the  hypothetical  planet  of  eil 
Le  Verrier  or  Adams  on  the  other — on  ih©  contrary,  utterly  repi 
the  existence  of  any  necessary  connexion  between  such  an  analogy  and 
the  question  relative  to  the  discovery  of  the  disturbing  Ixidy,  Itui,  op»rt 
from  all  consideration  of  this  circumstance,  it  seems  surprising  that  Air. 
Gould  should  urge  such  an  objection  to  the  identity  of  Die  two  orl>iti  a* 
that  atiove  cited,  when  it  is  bonio  m  mind  that  m  tlte  one  case  tlw  oriiil 
IS  very  eccentric,  and  in  the  other  case  ia  almost  eih^ular. 

(97.)  Mr.  Gould  concludes  his  Ileport  with  a  remark  the  object  of  whidi 
U  to  reconcile  the  conflicting  reeulta  of  observation  and  theory^  "  Tbt 
combined  lalionrs  of  Le  Verrier  and  Peiree,"  says  he,  **  have  incontio- 
vertihly  proved  that,  by  reducing  the  limit*  of  error  aaaumed  fw  lh« 
modern  observaduns  10  S'\  there  can  be  bat  two  poasible  eolations  vi  Urn 
problem.  There  are  tno  ditlerent  mean  distaucea  of  least  possibW 
one  of  which  is  36,  and  the  other  30.     The  ond  ia  incUided  withio 
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theory  and  limits  of  Le  Vemer,  and  corresponds  with  Adams's  solution ; 
the  other  is  the  orbit  of  Neptune."* 

With  reapect  to  the  existeoce  of  two  mean  distances  of  least  possible 
error,  with  an  interval  Included  between  them,  anv  mean  diHt^nce  corre- 
sponding to  which  is  incapable  of  satisfying  the  observations  with  sufficient 
accuracy,  it  seems  to  be  in  the  highest  degree  improbable.  This  will  be 
readily  seen  by  reference  to  the  theoretical  researches  of  Le  Verrier  and 
Adams.  The  elements  of  the  first  and  second  planet  of  Adams,  and 
those  which  Le  Verrier  deduced  from  his  final  investigation,  exhibit  a 
•oeeedsive  dimiaution  of  the  mean  distance.  Now,  in  each  of  these  three 
OTBOi^  the  mean  distance  was  greater  than  the  true  value ;  but  this  defect 
was  remedied  by  increasing  the  eccentricity  in  a  corresponding  degree,  and 
placing  the  peribeiion  near  the  point  of  coi\junction  of  Neptuqe  tiud  Uranus. 
By  this  means  the  distances  of  the  disturbing  body  were  rendered  in  each 
<»se  very  nearly  equal  to  the  true  distances  in  the  part  of  the  orbit  where 
considerable  precision  was  indispensable ;  and  the  effect  of  the  error  in 
the  mean  distance  was  thrown  upon  the  opposite  portion  of  the  orbit 
extending  on  each  eide  of  the  aphehon,  where  it  was  incapable  of  exer- 
oi»ng  any  inHuence.  The  following  table  wUl  exhibit  this  view  of  the 
subject  in  a  clearer  light :— 
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LwTigitude  of 
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„      Hyp.  IL   . 
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38.400 

97.478 
36.164 

85.216 
33.fl58 

44.584 

4  rose 

40.044 

315°  sr 

399    IJ 
284    45 

It  appears  from  these  results,  that  the  perihelion  distance  is  almost  the 
sjime  for  etich  of  the  three  planets,  and  that  the  longitude  of  the  perihelion 
does  not  in  any  case  differ  materially  from  the  longitude  of  Uranus  and 
Neptune  (i73")  on  the  ocftaaiou  of  their  iast  conjunction,  about  the  begin- 
ning of  the  year  1SS2.  Ou  the  other  hand,  the  aphelion  distance  varies 
nearly  at  a  rate  corresponding  with  the  variation  of  the  mean  distance. 
Now  if  we  suppose  the  mean  distance  of  the  hypothetical  planet  to  be 
diminished  below  the  value  assigned  by  Le  Verrier,  ao  as  to  approach 
nearer  the  mean  diatAuce  of  Neptune,  have  we  not  strong  reason  to  believe 
that,  by  similarly  throwing  the  effect  of  the  change  mainly  upon  the 
aphelion  distfluce,  where  it  would  be  altogether  uninfiueniial,  the  observa- 
tions of  Uranus  would  be  satisfied  with  the  same  degree  of  precision  as 
in  the  foregoing  cases?  Indeed  it  seems  very  probable  that  this  object 
might  be  accomplished  by  employing  any  mean  distance  within  a  range 
extending  considerably  botli  above  and  below  the  mean  distance  of  Nep- 
tune, the  perihelion  being  turned  towards  the  point  of  conjunction  when 
the  menu  distance  was  greater,  and  the  aphelion  being  turned  towards  the 
me  point  when  the  mean  distance  was  less,  than  the  true  value. 
[US.)  We  may  recapitulate  the  conclusiona  suggested  by  the  discovery  of 
e  planet  Nepttine  in  the  following  terms : — Two  contempomry  geometers, 
■  ReiKJrt,  p.  55. 
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Mr.  Adams  in  England,  and  M.  Le  Verrier  in  France,  undertook  aboat 
the  same  time  to  investigate  the  irregularities  of  Uranos  upon  the  suppo- 
sition of  their  being  produced  by  the  action  of  an  exterior  planet,  and,  in- 
dependently of  each  other,  arrived  at  a  very  approximate  determination  of 
the  position  of  the  disturbing  body.  Upon  this  ground,  therefore,  they  are 
severally  entitled  to  the  honour  associated  with  the  theoretical  discovery 
of  the  planet  Neptune.  With  respect  to  Le  Verrier's  researches  on 
the  limits  of  the  orbit  of  the  disturbing  body,  they  have  not  been 
borne  out  by  the  results  of  actual  observations ;  but  this  circumstance, 
attributable  in  all  probability  to  the  intricacy  of  the  subject  and 
the  imperfect  state  of  analysis,  does  not  in  the  slightest  degree  impi^  his 
claims  to  the  great  discovery  just  mentioned.  The  American  astronomers 
and  mathematicians  have  more  especially  distinguished  themselves  by  their 
labours  in  connexion  with  the  planet  Neptune,  since  the  epoch  of  its  phy- 
sical discovery.  The  results  that  have  been  deduced  from  Bond's  observa- 
tions of  the  satellite  of  Neptune  and  the  mathematical  researches  of 
Walker  and  Peirce,  imquestionably  exhibit  a  degree  of  consistency  with 
the  actual  observations  of  Uranus  and  Neptune  which  has  not  been  paral- 
leled by  any  similar  efforts  on  this  side  of  the  Atlantic,  while  at  the  same 
time  they  tend  to  throw  much  interesting  light  on  the  theory  of  both 
planets.  The  peculiar  views  which  Prof.  Peirce  was  led  to  entertain, 
respecting  the  researches  of  the  distinguished  geometers  to  whom  the 
theoretical  discovery  of  Neptune  is  due,  may  pemips  be  attributed  to  his 
having  devoted  his  attention  too  exclusively  to  the  analytical  fonnuls  re- 
presenting the  action  of  the  planets,  vrithout  taking  into  sufficient  con- 
sideration the  mode  in  which  the  disturbing  forces  directly  operate.  These 
views  were  announced  by  Prof.  Peirce  in  a  spirit  of  candour  and  mode- 
ration highly  honourable  to  his  character  as  a  philosopher.  They  are  be- 
yond all  doubt  erroneous,  but  the  trifling  inadvertence  into  which  he  was 
thus  betrayed  does  not  detract  from  the  merit  of  his  more  substantial 
labours  in  connexion  with  the  theoiy  of  Uranus  and  Neptune. 


IV. 

REMARKS  ON  THE  LX7NAB  INEQUALITY  TERMED  THE  EVEGTION. 

One  of  the  most  remarkable  instances  of  perturbation  which  occurs 
in  the  solar  system  is  the  inequality  in  the  moon's  longitude  termed  the 
evection.  So  long  as  the  moon  was  observed  merely  in  eclipses,  this  in- 
equality continued  to  escape  the  notice  of  astronomers.  When  Hippar- 
chus,  however,  after  having  constructed  the  astrolabe,  succeeded  in  deter- 
mining the  position  of  the  moon  in  quadratures,  he  found  that  the  results 
could  not  be  generally  reconciled  with  the  existing  theory  of  her 
motion.  That  great  astronomer,  having  no  similar  observations  of  the 
moon  anterior  to  his  own  accessible  to  him,  was  unable  to  arrive  at  a  defi- 
nitive conclvision  respecting  the  anomaly ;  but  he  formally  pointed  out  its 
existence,  and  executed  a  series  of  valuable  observations  with  the  view  of 
aiding  future  astronomers  in  their  researches  on  the  subject.  It  is  well 
known  that  the  discovery  of  the  law  of  this  famous  inequality  is  due  to 
Ptolemy.  The  account  which  he  has  given  of  the  inequality  as  it  pre- 
sented Itself  to  his  observations  *,  would  seem  to  imply  a  law  of  variation 
"  Syntaxis,  lib.  v.,  csp.  ii. 


materiELlljr  different  from  that  suggested  bj  the  term  repre^entiof  the  same 
inequality  in  tbe  modem  theory  of  the  moon's  motion.  He  states  that 
ihe  observed  places  of  tbe  moon  in  qnadmtares,  whether  those  recorded 
bj  Hipparchus  or  those  actoaltj  deLermiaed  by  himself,  were  found  in 
some  mstances  to  agree  very  well  with  the  computed  places ;  in  other  in- 
stances to  differ  (xtnsidembly,  being  sooietimes  in  exce^  and  at  other  tioies 
in  defect.  By  attentively  pnrsuiiig  the  inequality  through  its  various 
plta^es,  he  found  that  it  was  generally  iuseusible  in  si^ygees.  It  also 
vanished  in  the  quadmiures  when,  the  moon  was  in  tbe  apogee  or  perigee 
of  her  epicycle  (in  other  words,  when  the  line  of  apsides  was  in  quadra- 
tares) ;  but  it  increased  from  those  points  towanlB  the  mean  points  of  the 
orbit  where  it  was  greatest  (in  other  words,  it  Increased  aa  the  Hne  of 
apsides  revolved  from  the  quadratures  to  the  sizygees).  Moreover,  when 
the  first  anomaly  (the  equation  of  the  centre)  was  eubtractive,  the  observed 
j4ace  of  the  moon  was  in  defect,  in  consequence  of  the  new  inequality ; 
and  when  the  first  anomaly  was  additive,  the  observed  place  was  in  advance 
of  the  computed  place,  from  the  same  cause. 

It  appeared,  then,  that  while  the  inequality  vanished  in  sizygees,  its 
effect  iu  quadratures  was  invariably  to  augment  the  equation  of  thu  centre, 
unless  the  line  of  apsides  was  in  quadratures,  when  it  vanished  altogether 
Ptolemy,  Cram  observations  of  the  moon  in  si/ygeea,  had  determined  the 
EQaximnm  value  of  the  equation  of  the  centre  to  be  5'^  1'*.  In  conitequenee 
of  the  new  inequality,  its  value,  as  indicated  by  observations  in  quadratures, 
generally  ex:ceeded  6°  I',  increasing  from  that  value  to  T  40'  as  the  Ihie 
of  apsides  revolved  from  quadratures  to  sizygees.  Hence  it  followed  that 
the  maximum  effect  of  the  new  inequality  amounted  to  2°  39'. 

In  modern  astronomy  the  inequality  in  the  moon's  longitude,  depending 
on  tbe  combined  effects  of  the  equation  of  the  centre  and  the  evectiou, 
is  represented  thus  t — 

I,  =  +  6°  18'  ein  A  +  r  20'  sin  ^S  l^C  —  (*  )  —  a), 

where  a  represents  the  mean  anomaly  of  the  moon,  €  the  mean  longitude 
of  the  moon,  and  0  the  mean  longitude  of  the  sun. 

Notliing  cau  at  first  sight  appear  more  different  than  tbe  ancient  and 
modem  modes  of  representing  the  two  inequalities.  With  respect  to  the 
equation  of  the  centre,  its  magnitude  is  materially  diifereiit  in  the  two 
cases.  The  evection.  however,  diflers  not  merely  iu  absolute  magnitude, 
but  also  in  the  law  of  its  variation.  According  to  Ptolemy  the  zero  points 
of  the  inequality  were  Jixed  in  position,  being  couatanlly  situate  in  the 
sizygees,  while  ita  maximum  value  was  variabh.  On  the  other  hand,  it  is 
manifest,  from  the  second  term  of  the  above  equation,  that  the  zero  points 
of  the  modem  inequality  are  variable  in  position  relatively  to  the  line 
of  sizygees,  but  that  its  absolute  muguitude  is  constanL 


*  Plolem;f  determined  the  rati«  of  tbe  epicynle  of  ihe  ItitinT  orbit  to  the  deferent,  or, 
la  other  ward».  the  mBximutn  value  of  the  equation  of  the  cefitre,  frum  Ibrec  ediptxes 
>r  the  aiacm  uhsL-rVf  d  at  Babylon,  about  700  yean  before  the  Chrifltiaii  era,  and  a.ho 
jtn  three  ainiilar  cclijisee  observed  by  himseif.  Iti  both  caats  he  Hiund  ilie  ratio  to  be  as 
[^jiu  '^  ^r  which  (p\es  5^  I'  fcr  theequation  oftheceTitre  {^ipttttj'ia,  lib.  iv.}.  Dclambrei 
'bavlng  <f)mputed  the  equation  nf  the  centre  by  the  modem  imalvtinil  furmulE,  found  that 
tbe  three  Cbaldieao  edlpft^s  assigned  4~  i^  16"  u  its  vitlue,  and  that  the  three  eclirit^tof 
Ptolemy  made  it  ecjusil  to  4^  59'  42".  The  clomi  aereecneDt  of  these  results  BRardii  a> 
Btrong  j»rc5Ximptioi),  that  tbe  two  set£  of  edip*.v»  eiupioyed  by  ttolemy  in  his  caleulntiona 
were  selected  on  account  of  their  mutual  consistency,  fhiin  a  vast  ina&a  uf  i>iiutliu-  ob- 
tn^ttiOiB  ia  hu  yontwLon. 
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Notwithstanding  the  striking  points  of  dif- 
ference referred  to  in  the  foregoing  remark,  tlie 
©frect&  produced  by  the  combination  of  the  two 
constituent  iuequiilities  are  identical  in  both 
coses  aa  resf>ects  the  law  of  variation,  and  are 
also  nearly  so  in  respect  of  absoltito  magoi- 
tude.  This  may  be  easily  shewn  in  the  follow- 
ing manner.  Let  a  o  represent  the  line  of 
^iizygees,  b  d  the  line  of  quadratures,  £  f  the 
line  of  apaides,  u  the  place  of  the  moou 
in  her  orbit. 

Let  ATK=«#>.  ATia=  C  —  0=^. 
Hence  a  =  etm  sfi  —  «]t>. 

a  (4  —  0)  —  A  =  3  e  -  {6  -  *)  =  6  +  *. 

Therefore  h  =  6^  18'  sin  a  +  V  20'  sin  (fl  (<!_©)-  a). 

^  ft*  18'  ein  (9  -  ^)  +  T  20'  siu  (5  +  *), 
-  4°  58'  3in  (&  —  i>)  +  r  aO'  SID  (»—<>)+ 1'  iO'  sin  («+*). 
=  4^"  6B'  sin  a  +  si°  40'  coa  ^  sin  6, 
The  first  of  these  terms  is  manifi^tly  the  equation  of  tho  centre  «.  de- 
duced by  Ptolemy  from  obser^'ations  of  the  moon  in  sizygees.    The  seoood 
term  also  represents  tbe  evection  ajs  it  exhibited  itself  to  that  adtroiiKiaier. 
Thus  let  us  fa  up  pose  the  moou  to  be  in  eitber  of  the  BJzyget».     lii  sucb  A 
case  §^:^0,  or  180°,  and  consequently  the  second  term  vauiiibes. 
Henc«    it   =4°58'8tnA. 
Again,  if  the  moon  be  in  quadraturi'S,  wo  have  6  «  90",  and  ibenlbfre 
i*   -  4"  Bb'  Bin  x  +  r  40'  cos  ^ 
=  4"^  58'  coa  (^  +  i°  40'  cos  i^, 
^  7°  38'  cos  ^- 

In  lhJ9  case,  tlien,  the  two  inequalities  conspire  together.  Tho  efleel 
is  obviously  a  maximum,  when  4^  =±  0,  or  180°.  We  have  then 
S,  =  ±r  38'. 
These  conclusioiia  agree  with  Ptolemy  a  description,  subject  U>  a 
slight  difTereiitio  ia  tho  aumerioal  values^  Indeed  the  precision  villi 
which  that  ejstrouomer  delermiued  the  combined  effects  of  iha  IW9  ine- 
qualities in  sizygees  and  quadratures,  is  one  of  the  most  tttOBMlliBg 
circumstances  connected  with  the  ancient  Rstronorey, 

Since  the  evection  as  represented  by  Ptolemy  hais  always  the  ufne  ngn 
ill  the  quadratures  as  the  equation  of  the  ceotre*  it  is  manifestly  poeitife 
when  the  moon  is  revolving  from  conjunction  to  opposition,  luid  otytii n 
throughout  the  remaining  half  of  tlte  orbit,  or  vice  vfrsd :  according  m$  ih0 
perigee  is  situate  in  the  Sre^t  and  fourth,  or  in  the  eeooud  and  lldfl 
qmid rants  of  the  lunar  orbit,  couutiug  from  the  point  of  coiyaactioB  in 
the  direction  of  the  moon's  motion. 

In  ordt^r  to  detormiue  the  zero  points  of  the  evection  us  repfn— nttd  bj 
modern  aatrouoniers,  we  have 

sin  (ft  +  ^}  ^  0 ; 

.,  6  =  -^,  or  180"  —  ^, 
IleQce  it  is  manifest  that  by  drawing  g  h,  making  with  a  c  the  a*m«  tqgla 
which  H  F  makes  witli  it,  the  extremities  q,  h,  will  indicate  die  aero  paioti 
of  the  iueqmdity. 

It  has  been  etated  (p.  4Q4)  that  Horroeka  first  explauied  tba  «raalkii 
upon  the  Keplerian  principles  of  oj^trouomy,  by  supposijig  tlid  eooMtficiiy 
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of  the  lunar  orbit  to  be  TOriable,  and  attributing  a  Hbratory  motion  to  the 
line  of  apsides.  Allusion  has  also  been  made  to  the  difflcultj  ei;peri- 
enc^sd  for  some  time  in  computing,  by  the  theory  of  graTitation,  the  motion 
of  the  lunar  apogee,  upon  which  the  iuequalitj  to  a  great  extent  deponds, 
It  is  worthy  of  remark  that  in  the  origin^  edition  of  the  "  Priocipia,"  pub- 
lished in  1687,  Newten  states  •  that  he  computed  tbe  motion  of  the 
lunar  apogee  in  sizjgees  and  quadratures,  and  also  the  mean  motion.  He 
aaeerts  that  be  found  the  daily  progression  in  eizygeea  to  be  U3^  the  daily 
roffireasion  in  quadratures  to  be  10^^  and  the  mean  annual  motion  to  bs 
4Cr.  He  remarks  that  these  results  do  not  accord  exactly  with  the  tables, 
a  circumstance  which  be  thinks  may  be  attributable  to  the  errors  of  the 
observations.  The  calculations  being  very  intricate  and  embarrassed  with 
approximations,  and  the  results  not  possessing  all  the  accuracy  that  was 
desirable,  he  refmined  from  publisbing  tbe  details  of  his  reaearchea  on  the 
subject.  (Computation^  auUm,  lit  nimiA  perplexai  H  approximationibiu 
imyteditoi,  neque  satis  acciiratas,  apponere  non  lubet.) 

The  results  which  Newton  obtained  on  this  occasion  cannot  by  atij 
means  be  considered  very  inaccurate,  when  tbe  intricacy  of  tlie  subject  and 
the  imperfect  state  of  analysis  in  hia  time  are  taken  into  account.  They 
give  11°  21'  for  tbe  monthly  progression  of  the  apogee  in  siaygees,  and 
o"  1'  for  the  monthly  regression  in  quadratures.  The  modem  tables  of 
the  moon  assign,  in  round  numbers,  1 1°  and  ft'' as  the  corresponding  values  of 
the  motion  of  the  apogee.  Newton  found  tbe  mean  annual  progression  of 
the  apogee  to  be  40" ;  the  modem  tables  of  the  moon  make  it  40*  40'  33". 

Newton  appears  to  have  been  so  dissatisfied  with  his  researches  on  this 
subject,  in  all  probability  from  the  circumstance  of  the  results  not  pre- 
senting a  raore  complete  accordance  with  those  deducible  from  obsen-a- 
tion,  that  he  suppressed  all  allusion  to  them  in  the  second  edition  of  the 
•'  Principifl,"  pubmhed  in  1713,  under  the  gu|)erintendeiice  of  Cotes,  What' 
ever  may  have  been  the  method  of  investigation  employed  by  him  on  this 
occasion,  it  was  manifestly  one  which  was  capable  of  grappling  with  the 
main  difficulties  of  the  question.  It  is  not  improbable  that  a  cai'eful  in- 
spection of  those  manuscripts  of  Newton,  which  are  still  in  exiatcnce,  might 
eerve  to  throw  some  light  on  thb  interesting  point. 


KOTE   RESPECTTBO  HORRQCKS. 

At  page  421  I  have  hazarded  the  conjecture  that  it  was  duties  of  ft 
religious  nature  which  called  away  Horrocks  so  peremptorily,  while  en- 
gaged in  looking  out  for  the  transit  of  Venus  on  the  24th  of  November, 
1030.  This  is  confirmed  by  a  note  which  the  late  Prof.  Rigaud  dis- 
covered in  one  of  HearTiea  Memorandum  Books  preserved  in  the 
Bodleian  Library.  Oitford.  from  which  it  appears  that  Horrocks  was  a 
hard-working  curate  at  Hoole,  subsisting  upon  a  wretched  pittance 
{Riffaud's  Correstp&ndmct  of  Eminent  Men  oj  the  SetettUfnth  Cmtury, 
vol.  ii.  p,  1 19).  It  appears  also,  from  one  of  Fkmsteed'a  letters  to 
Collins,  contained  in  the  same  work,  that  Crabtree's  death  occurred  in 
the  year  165^,  and  not  shortly  after  that  of  Horrocks,  aa  Wallis  erroneously 
stated  in  the  dedicatory  epistlo  to  Lord  Brouucker,  inserted  at  the  com- 
mencement  of  the  "  Op&ra  Potthuma  "  of  tbe  latter. 
•  Principia,  lib.  iii.  prop,  ixx?.,  tcholium. 
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ACCOCNT  OP  SOME  REOEMT  REBULTB   OF  ASTHONOMICAL  OBSSRYATTOy. 

Two  instfiTices  of  a  total  eclipse  of  the  sun  have  recently  fumisk 
opportunities  of  observiug  the  cirnuinHtoncea  usually  attending  these  pi 
noiiiena.  The  first  of  these  eclipses  happened  on  the  8th  of  Augc 
JS50.  It  was  visible  only  in  the  Pacific  Ocean.  An  account  of 
phenomenon  as  observed  by  M.  Kutczycki  at  Honolulu,  the  chief  town  of 
the  Sandwich  lales,  appeared  in  the  Vomptes  Hettdtin  for  the  2l3t  of  April, 
1851.  The  second  eclipse  happened  on  the  *J8th  of  July.  1851.  Being 
visible  in  the  northern  countries  of  Europe,  it  v;as  oliserred  by  a  great 
number  of  astronomers.  Two  important  fecta  were  satisfactorily  «lab 
lished  by  the  observations  of  these  ecli|>a68>  In  the  first  place,  Uie  reddish 
protuberances  usually  visible  on  such  occasions,  ap|)eared  in  fionte  instances 
to  he  isolated  from  the  moons  limb.  Secondly,  those  protuberances 
were  visible  towards  the  point  of  immersion,  were  seen  gradually  to  dimtni 
as  if  concealed  by  the  passage  of  the  moon  over  the  solar  disk :  whila^ 
the  other  hand,  those  towards  the  point  of  emersion  appeared  U> 
large  tL%  if  gradually  dki^cloaed  to  view  by  the  same  causa.  Both 
facts  tend  to  support  the  opiuion  that  the  protuberances  «re  soUur  pbt- 
Botnena.  A  serioua  difficulty  attending  the  explanation  of  their  nbysical 
aiuse,  consists  iu  the  materitil  difference  of  aspect  which  they  exhibit  to 
spectators  distant  from  each  other  by  only  a  very  short  iuterval. 

Five  more  planets  revolving  between  the  orbits  of  Mars  and  Jupiter, 
have  been  discovered  in  addition  to  those  referred  to  in  the  hodj  of  ihi* 
work  (see  p.  240).  Three  of  these  bodies  were  discovered  in  the  year 
1850,  The  first  (Parlhenope)  was  discovered  by  De  Gaapsris  on  the  11 
of  May;  the  aecond  (Victoria),  by  Hind  on  the  Kkh  of  Septeujlier ; 
the  third  (Egeria),  by  De  Gasparis  on  the  i2nd  of  November.  The 
maitiing  two  planets  were  discovered  in  the  course  of  the  year  1851, 
hrat  of  these  (Irene)  was  discovered  by  Hind  on  the  IDth  of  May,  1841. 
By  a  singular  coincidence,  De  Gasparis  al»o  independently  discovered  thif 
planet  on  tlie  'iSrd  of  the  same  month.  The  second  plnnet  (EuiMNIw) 
wftH  discovered  by  De  Gasparis  on  the  iiOth  of  July.  Parthenope  rrvofres 
round  the  sun  in  1401  days,  Victoria  in  13U3  days,  Egeria  in  liUrt  days. 
Irene  in  1510  days,  and  Eunomia  in  I4'^4  days.  These  natiibffra, 
course,  c&o  only  be  regarded  as  provisional.  The  total  number  of  ast 
now  discovered  amounts  to  fifteen.  It  is  not  improbable  that  hondteiUi 
these  minute  bodies  may  lie  revolving  in  the  same  region. 

On  the  4th  of  December,  1850,  intelligence  reached  ihi«  counirr  tlutf 
on  the  15th  of  the  previous  month,  Mr.  Bond,  Director  of  the  C'bservaloiy 
of  Cambridge,  U.  S.,  hud  discovered  a  new  ring  round  Satuni,  interior  lo 
the  bright  rings  already  known  to  exist.  It  soon  turned  out  that  the  «UM 
phetiomcnou  had  been  observed  iu  England  by  Mr.  Dawrs  on  ihw  i9ih  «S 
Koveuiber,  before  he  received  any  intimation  of  Mr.  Bond's  discwrery. 
The  most  surprising  eircxuntitance,  however,  connected  with  tlm  phe- 
nomenon is,  that  it  was  actually  observed  as  early  hs  the  \fnr  t^Sft,  liy 
Dr.  Galle  of  Berlin;  although  no  further  notice  seems  to  1  taken 

of  it  till  ih€  announcement  of  its  rediscovery  as  above  nn  ,.  J      TIk 

ring  now  forms  an  intereating  object  of  observation  to  astronomers  anttfd 
with  powerful  telescopes.  In  brightness  it  is  very  mnch  inferior  lo  tiia 
outer  rings.  Its  breadth  is  equal  to  about  two-liftha  of  the  interval  in- 
cluded between  the  bright  ring^  oxxd  the  body  of  the  planet.     It  mwU 
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IT  froiQ  tnost  of  the  observations  lha.t  it  is  not  a  distinct  appecdage  of 
le  planet,  but  simply  a  continualion  of  the  inner  bright  ring. 
On  the  iJ4th  of  October,  1851,  Mr.  Lassell  discovered  two  new  satel] ilea 
revolviog  round  Uranua,  He  has  subsequently  succeeded  in  seeing  iheui 
with  bi9  powerful  reflector,  ou  every  cKcasion  on  wbiL-:h  he  looked  far  tbem. 
He  finda  that  the  observations  may  be  pretty  well  satiiified  by  suppc^iug 
the  period  of  the  inner  satellite  to  be  4.50f>  days,  and  that  of  the  outer 
satellite  to  be  4.150  days.  It  appears,  therefore,  that  they  are  interior  to 
the  two  bright  flfttellitesi  difieovered  by  Sir  Williaoi  Herschel  in  1767. 
From  the  diagmm  of  their  positions  inserted  in  the  Monthttf  Proceeding» 
of  the  Afitronoraical  Society  for  November,  1851,  they  appear,  like  the 
other  satellites,  to  revolve  in  orbits  nearly  perpendicular  to  the  plane  of  the 
ecliptic. 

It  has  been  mentioned  (p.  139)  that  a  comet  discovered  byM.  Faye*  in  the 
year  1843,  wa:9  found  to  revolve  in  an  elliptic  orbit,  and  that  its  perturha^ 
tions  for  the  ensuing  revolution  were  calculated  by  Le  Verrier,  who 
arrived  at  the  conclusion  tbat  its  passage  through  the  perihelion  would 
takp  place  on  the  Qnd  of  April,  18&1.  It  is  a  gratifying  fact  that  the 
comet  has  actually  returned  at  the  appointed  time.  It  was  first  seen  by 
Prof.  Challis,  with  the  Northumberland  refractor,  on  the  '28th  of 
November,  1850.  The  observatione  of  iu  apparent  position  have  h&vn 
found  to  present  a  remarkable  agreement  with  the  corresponding  results 
derivable  from  the  calculations  of  M.  Le  Verrier. 

Allusion  has  been  made  at  page  243  to  the  discovery  of  a  small  ultrn- 
zodiaoal  planet  (Metis)  at  the  observatory  of  E.  Cooper,  Esq.,  of  Markree, 
in  the  north  of  Ireland.  An  achievement  of  vastly  greater  importance  has 
since  emanated  from  that  observatory  in  the  shape  of  a  catalogue  of  14,888 
stars  near  the  ecliptic,  the  places  of  which,  in  general,  are  not  to  he 
found  in  any  catalogues  hitherto  published.  This  catalogue  was  constructed 
from  obser^alions  made  in  iheyearo  1848,  1S49,  and  1850,  and  was  pub- 
Habed  in  1851,  the  e.'cpense  of  priuting^  having  been  defrayed  by  the  Go- 
Temment,  up>n  the  recouimeEidation  of  the  Koyal  Society.  A  second 
catalogue,  destined  to  contain  the  places  of  about  13,000  additional  stars, 
olwerved  in  the  year  1851,  is  in  the  course  of  prepamtion  at  the  same 
obeenratonr.  Mr.  Cooper  and  ^his  active  assistant,  Mr.  Graham,  are  also 
engaged  in  e^tecuting  a  aeries  of  celeiitial  maps  upon  a  tpagnificent  scale. 
Esch  map  has  a  range  of  8°  both  in  right  ftiU^eiiisioQ  and  in  declination. 
The  scale  is  four  times  larger  than  that  of  the  Berlin  maps.  It  is  con* 
templated  to  insert  in  these  maps  all  tbe  stars  within  their  range  which 
have  either  been  observed  at  Mnrkree,  or  have  been  already  publbbed  in 
Other  catalogues.  The  epoch  of  reduction  is  1850.0.  Tbe  advantages 
which  cannot  fail  to  accrue  to  astronomical  science  from  the  construction 
of  these  nmpB  is  inc4t]cu1able.  It  must  be  acknowledged  that  the  labours 
at  Markree  Observatory  e.^hibit  a  loftiness  of  aim  as  well  as  a  unity  of 
design,  and  a  spirit  of  skilful  perseverance,  which  not  only  serves  eBec- 
tually  to  remove  that  establishment  from  the  categoi^  of  mere  amateur 
obeervatories,  but  entitles  it  to  an  honour&ble  plnce  in  the  highest  class 
of  thoad  institutions  that  have  been  founded  for  the  promotion  of  aatro- 
nonueal  science. 

In  concluding  this  note  it  may  be  stated,  tliat  the  Astronomer  Royal 
has  now  (February,  1852)  completed  the  arrangements  at  the  Boyal 
Observatory  for  recording  transits  of  stars  by  means  of  an  electro-magnetic 
The  accuracy  of  this  method  may  be  relied  on  to  the  twentieth 
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of  fl  Becond  of  time.    Tt  is  contemplated,  in  Odnnexion  with  tbis  iinpit>r0- 

meut,  to  transDiit  Greenwich  time,  by  means  of  the  electric  telegnipli.  to 
all  the  most  important  places  in  the  kingdom.  The  realisatiou  of  this 
project  will  constitute  a  boon  of  iuesiitaabl&  value  to  tlie  outports>  by 
affording  on  all  occasions  a  rehable  standard  for  the  regulation  of  chro- 
nometers. The  Euccesaful  construction  of  the  submariDe  telegraph 
between  Dover  and  Calais  will  also  enable  the  Royal  Observatory  to 
record  transits  eimultaneously  with  the  Rojal  OhservEtory  of  Paris  and 
other  similar  establiahmenta  on  the  Continent,  by  which  toeans  their 
respective  longitudes  relatively  to  each  other  may  be  more  aoeurnJteiy 
AscertatiiGd.  The  immense  importance  of  this  object  mast  l>e  obnotis 
to  any  person  who  possesaes  an  ordinary  acquaintance  with  astrooomical 
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Copy   of  the   Note    of   the    Observation  of  >  Dracojus,  matU  fcy 
Bradlt!if,  at  Kew,  with  the  zenith  sector  of  Molymrttjc,  on  thtt  'iUt  of 
Decemh^r,  17!J5  ;  the  diactyrdanca  of  which  mtk  the  result*  of  preHtmi 
obitrvations^  revealed  to  htm  thejint  ytimpss  of  hii  itttrttortai  dit^vtry 
of  tha  Aberration  0/  Light- 
It  has  been  mentioned  at  p»ge  337  that  the  original  note  of  tlie  obser- 
vation, of  which  the  subjoined  words  are  an  exact  copy,  was  found  a  few 
yenra  since  by  Prof.  Rigaud,  among  the  manuscripta  of  Bradley,  written 
upon  a  loose  pioco  of  paper. 

Dec  21'*  Tuesday  5^  40'  sider  time 

Adjusted  y*  mark  to  y*  Plumb  line 
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As  aooti  as  I  let  go  y*  course 

A 

screw  I  perceived  y*  etar  too 

much  to  y^  right  hand  & 
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mark  is  about  3"^ 
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but  adjusting 
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I  found  y*  index  at  8^. 
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vaan  of  Light — discorered  by  Brad- 
ley, 338;  Tariotu  determinationB  of  its 
naximmn  value,  340. 

^aln**** — Besearches  on  the  theorjof  TTraniu, 
168;  tiansmits  his  results  to  the  Astro- 

*  nomerEoyaljlTB;  they  furnish  the  earliest 
indication  of  the  Trans- Uranian  planet,  t&. ; 
Moond  series  of  results  obtained  by  him, 

'    ISo;  announcementof  his  researches  by  Sir 

-  John  Herschel,  194. 

Afar — Besearches  on  the  lunar  theory,  120; 
ducoTera  the  long  inequality  in  the  Earth 
and  Yenns,  127;  determines  the  mass  of 
Kars,  129;  researches  on  the  mass  of  Ju- 

-  '  mter,  130;  determines  the  ellipticity  of  the 

Barth,  145;  measures  an  arc  of  longitude 
in  the  British  Isles,  150 ;  demonstrates  the 
cziitence  of  errors  in  the  tabuLir  radius 
Tector  of  Uranus,  167;  receives  from 
Adams  the  results  of  his  researches  on  the 
existence  of  an  exterior  planet,  173 ;  his 
reply  to  Adams,  174;  correspondence  with 
Le  Yerrier  on  the  theory  of  Uranns,  1 84 ; 

-  xeply  of  the  latter,  ib. ;  proposes  a  search 
&r  the  planet,  ib. ;  announces  to  Le  Yer- 
rier  the  results  arrived  at  by  Adams,  194 ; 
eommunicates  an  historical  statement  re- 
specting the  discovery  of  the  Trans-Ura- 
nian  punet,  196 ;  detects  two  new  ine- 
qnaliUes  in  the  motion  of  the  moon,  206 ; 
determination  of  the  lunar  parallax,  229; 
modification  of  Bessel's  method  for  facilitat- 
ing the  reduction  of  observations,  345 ;  suc- 
ceeds Pond  at  the  Observatory  of  Green- 
wich, 493;  reduction  of  the  Lunar  and 
Planetary  Observations,  495;  introduces 
the  use  of  an  altitude  and  azimuth  instm- 
ment  at  the  Qreenwich  Observatory,  ib. ; 
ttansit  circle,  497;  reflex  zenith  telescope, 
499;  Cambridge  Catalogue  of  Stars,  513; 
first  (Greenwich  Catalogue,  ib. ;  second 
Greenwich  Catalogue,  514;  physical  ex- 
planation of  thedisksand  ringsof  stars,  546. 

AI  Batani — discovers  the  motion  of  the  aphe- 
lion of  the  terrestrial  orbit,  97. 

Altitude  and  Azimuth  Instrument — first  used 
by  Soemer,  465. 

Apian — first  suggests  the  use  of  coloured 
glasses  in  observations  of  the  sun,  227 ;  re- 
marks that  the  tails  of  comets  ore  turned 
opposite  to  the  tun,  297. 


Arago — Bemarks  respecting  the  discovery  of 
the  planet  beyond  Uranus,  196;  observes 
occultations  of  small  stars  by  the  moon, 
230;  phenomeon  witnessed  by  him  on 
those  occasions,  231;  experiments  on  the 
light  of  comets,  313 ;  account  of  the  solar 
eclipse  of  1842,  368. 

Arcs  of  the  Meridian — Measurement  of  the 
arc  between  Gh>ttingcn  and  Altona,  144; 
arc  of  India,  145;  arc  measured  by  La- 
caille  at  the  Cape  of  Qood  Hope,  147 ;  la- 
bours of  Moclear,  148;  arc  measured  in 
the  British  Isles,  149. 

ArgeL-inder — Zone  observations  of  stars,  511 ; 
executes  a  catalogue  of  stars,  618;  re- 
searches on  stars  having  a  variable  bright- 
ness, 541 ;  researches  on  the  motion  of  the 
solar  system  in  space,  556. 

Atmosphere,  tcrresbial — Besearches  on  the 
oscillations  of  the,  163. 

Attraction — Ideas  of  Copernicus  on  the  sub- 
ject of,  15;  Gilbert,  16;  Kepler,  17; 
Galileo,  19;  Borelli,  20;  researches  of 
Newton,  20-40;  experiments  of  B^uguer, 
158;  Schehallien  experiment,  ib. 

Auzout — his  remark  respecting  a  twilight  in 
the  moon,  232;  invents  the  micrometer, 
450. 

Bacon,  Boger — Ideas  of  the  telescope,  517. 

Baily — Baieorches  on  the  influence  of  the  air 
in  pendulum  experiments,  156 ;  determines 
the  mean  density  of  the  earth,  159;  phe- 
nomena observed  during  the  annular 
eclipse  of  1836,  409;  labours  connected 
with  star  catalogues,  508-13. 

Bailly — explains  the  origin  of  the  libratory 
motion  of  the  nodes  of  the  second  satellite 
of  Jupiter,  86;  researches  on  the  physi- 
cal theory  of  the  satellites,  88;  determines 
the  magnitude  of  Jupiter's  satellites,  250. 

Ball — discovers  the  duplicity  of  Saturn's 
ring  before  the  same  phenomenon  was  re- 
marked by  Cassini,  526. 

Battista  Porta — Ideas  of  the  telescope,  618. 

Bemouilli — his  researches  on  the  tides,  71. 

Bessel — his  researches  on  the  mass  of 
Satnm,  131 ;  experiments  on  the  attmc- 
tion  of  different  bodies,  133;  researches  on 
the  satellites  of  Saturn,  14  ^ 

the  ellipticity  of  the  eart! 
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for  detennming  the  length  of  the  secondB* 
penduluni,  156;  iiiTestigstei  the  inflaence 
of  the  resistance  of  the  air  on  the  rate  of 
oscillation,  ib. ;  directs  his  attention  to 
the  irreguhuities  of  Uranus,  167;  re- 
searches on  the  elements  of  Saturn's  ring, 
269;  determines  the  period  of  the  comet 
of  1811, 289;  obserrations  on  the  nucleus 
of  Bailey's  comet,  294;  opinion  respect- 
ing the  tails  of  comets,  311;  reseaichet 
on  the  quantity  and  laws  of  precesnon, 
820;  researches  on  re&action,  386; 
method  for  facilitating  the  reduction  of 
observations,  334;  zone  observations  of 
stars,  511;  determines  the  parallax  of 
61  Cygni,  551 ;  researches  on  the  motion 
of  the  solar  system  in  space,  556. 

Bianchini — Sesearches  on  the  rotation  of 
Venus,  234. 

Biot — Bxperiments  with  the  pendulum,  153 ; 
value  of  the  terrestrial  elliptidty  hence 
deduced  by  him,  158;  researches  on  the 
motion  of  the  solar  system  in  space,  556. 

Bode — Explanation  of  the  solar  spots,  222. 

Bond — Physical  observations  of  Saturn's 
ring,  265 ;  discovers  the  eighth  satellite  of 
Saturn,  271. 

Borel — Account  of  the  invention  of  the 
telescope,  517. 

Borelli — his  ideas  of  circular  motion,  20 ; 
surmise  respecting  the  orbitsof  comets,  102. 

Bonguer — Researches  on  atmospheric  i«&«c- 
tion,  828. 

Bouillaud— determines  the  period  of  the 
variable  star  Mira  Ceti,  540 ;  opinion  re- 
specting the  cause  of  its  variable  bright- 
ness, 541. 

Bonvard — his  determination  of  the  mau  of 
Jupiter,  130 ;  publishes  tables  of  Jupiter 
and  Saturn,  131 ;  determines  the  mass  of 
Uranus,  132 ;  calculates  tables  of  Uranus, 
166;  finds  it  impossible  to  reconcile  the 
ancient  with  the  modem  observations,  ib. ; 
suspects  the  existence  of  an  exterior  planet, 

Bouvard,  E. — calculates  tables  of  Unmus, 
174 ;  finds  it  impossible  to  reconcile  them 
with  all  the  observations  of  the  planet,  175. 

Bradley — Besearches  on  the  satellites  of  Ju- 
piter, 81 ;  first  introduces  the  equation  of 
light  into  the  tables  of  these  bodies,  ib. ; 
discovers  the  great  inequality  of  the  three 
interior  satellites,  and  suggests  its  physical 
cause,  82 ;  discovers  that  the  orbit  of  the 
fourth  satellite  is  eccentric,  i&.;  researches 
on  refraction,  329 ;  discovers  the  aberra- 
tion of  light,  338 ;  discovers  the  nutation 
of  the  earth's  axis,  341 ;  accounts  of  his 
labours  at  the  Observatory  of  Qreenwich, 
483;  remark  respecting  the  parallax  of 
the  fixed  stars,  549;  remark  relative  to 
the  motion  of  the  soUr  system  in  space, 
564. 

Brah^,  Tycho — overthrows  the  theory  of 
solid  orbs,  15;  demonstrates  that  cometa 


are  litnate  beyond  the  moon'f  ortnt^  102; 
supposes  them  to  move  in  circnlar  orbits, 
ib. ;  views  respecting  the  tails  of  comets, 
808 ;  first  employs  re&action  in  correct- 
ing astronomical  observations,  321;  in- 
vents the  mural  quadrant,  446 ;  observes 
the  new  star  which  appeared  in  the  year 
1672,  539 ;  opinion  respecting  its  origin, 
ib. ;  estimate  of  the  apparent  diameters  of 
the  stars,  547. 

Brewster — his  opinion  respecting  the  sohtf 
spoU,  227. 

Brinkley — Besearches  on  refraction,  332; 
researches  on  the  parallax  of  the  fixed 
stars,  550. 

Borchudt — calculates  the  terms  of  the  kog 
inequality  of  Jupiter  and  Satnm,  depend- 
ing on  the  fifth  powers  of  the  eccentricitifli 
and  inclinations,  129 ;  calculates  the  de- 
ments of  Bailey's  comet  for  1759,  187; 
calculates  the  lunar  pnwtllair  by  means  of 
the  fbmralsB  of  Laplace,  228. 

Biiig — calcnlates  tables  of  the  moon,  118; 
discovers  irregularities  in  the  moon's  epoch, 
ib.;  attempts  to  represent  them  by  aa 
empiric  equation,  119. 

Campani — attains  great  excellenee  in  the 
constmetion  of  refracting  teleeoopea,  526. 

Otpocci — ^Bresearehea  on  the  comet  of  1848, 
290. 

Carlini — ^Researches  on  the  lunar  theory, 
119;  experiments  with  the  pendulum  for 
the  purpose  of  detensining  the  mean  den- 
•ity  of  the  earth,  160. 

Cassinl,  J.  D. — Discovers  the  coinddeoce  of 
the  nodes  of  the  moon's  orbit  with  those 
of  the  moon's  equator,  73 ;  publishes  taUes 
of  Jupiter's  satellites  at  Bologna,  80;  re- 
jects the  equation  of  light,  ib. ;  method  for 
determining  the  solar  parallax,  211; 
value  of  thikt  element  assigned  by  him, 
212;  remarks  respecting  the  solar  spots, 
219 ;  executes  a  chart  of  tiie  moon's  snr- 
&ce,  280;  observes  an  occultation  of 
Jupiter  by  the  moon,  231 ;  researches  on 
the  physical  constitution  of  Tenna,  234; 
discovers  that  she  has  a  rotatory  motion, 
ib.;  determines  the  period  of  rotation, 
t&.;  observations  on  the  physical  constitu- 
tion of  Mars,  236 ;  discovers  that  it  revolves 
on  an  axis,  t&. ;  determines  the  time  of  rotap 
tion,  ib.}  researches  on  the  rotation  of 
Jupiter,  244;  theory  of  the  belts  of  Ju- 
piter, 248;  discovers  the  duplicity  of 
Saturn's  ring,  260 ;  physical  observations 
of  the  ring,  263 ;  discovers  four  satellites 
of  Saturn,  268;  variable  brightness  of  the 
fifth  satellite,  271;  hypothesis  of  atsao- 
spheric  refraction,  328;  appointed  Director 
of  the  Royal  Observatoiy  of  Paris,  457. 

Cassini,  J. — his  remarks  on  the  rotation  ef 
Venus,  234;  views  respecting  the  via- 
bility of  the  stars,  543 ;  attonpta  to  de- 
termine tiie  apparent  diameter  ^  Srius, 
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&i§i  luearcbei  on  ttie  proper  mottona  of 
tbe  turn,  &5t, 

Cowini,  IV — fioDurk  reipcctiiig  the  QbKr- 
vatory  of  Full,  480. 

Gfluegnin — deviitt  &  ti«w  form  of  tbe  to- 
decliDg  teleacope,  529. 

Cfttalq^ow  a{  Stus — Ciitaluguei  of  viuioiu 
MlzQDonieri,  &07-15. 

CluIlJJ — inititut«<  a  aearch  for  iLe  planet 
iadicated  by  the  tbeonetical  retcarchc*  of 
Adam»,  ISfi  ;  «ecurei  I  wo  poutioaa  of  the 
planet  juierior  to  it4  actual  dtecovecy,  103. 

Cuifant — jroWe*  tbe  pToblem  of  ibree  bodJts, 
44 ;  tetearchef  on  the  lunar  tbeory,  t^^.  ; 
liails  tt}  account  fur  tbi}  uiotjuu  of  tba  lunar 
*p»g!f9,  i5 ;  rertiei  his  lolutton  and  obtoiiu 
t£o  truo  remit,  4€ ;  ttaeatiheb  on  tbe  figure 
of  the  emtb,  67;  tbwreni  on  the  variation 
of  grsTity  «t  the  carlb't  #ur£ace,  63;  cnl- 
culatei  the  perturbations  of  Uailey'a  comet, 
104. 

Gonwts-^Tjcho  Brah^  d«Dion»tnitca  that 
C0Qi«t«  ire  Bituale  beyond  tbe  nician'>  ht- 
bit,  102  j  opinioni  riFsp«cting  their  orbits, 
i7'. ;  Lagnnge't  nictbod  for  cakulaling 
their  peTtarbationi,  10&;  nietbodi  dev)«d 
for  the  determination  of  their  orbttf,  1113; 
eodieU  €f  1807,  IM  l  comet  of  1680, 
289;  Bitppoaed  to  move  in  an  elliptic 
Dibit,  it/,  i  varjoiu  det^rminationa  of  its 
periodic  time,  Hk;  comet  of  ]2ti4,  2f>0; 
comet  of  1811,  {L;  comet  of  Broiwa,  tit.; 
comet  of  18>43,«A.;  varioua  determiiiatJotiB 
of  tba  orbit  of  tliii  comet,  20  Ij  goneral 
upe«jt  of  eometi,  2d3;  comcta  'Without 
either  rndeut  or  tail,  ib.;  Inuulacency 
of  cotnetic  matter,  iir. ;  cnTelop«  aurrDimd- 
ing  th«  heado  of  t,'ometi,  204 ;  piored  to  b« 
hollow,  iL;  dimuDBion  of  the  envelope,^ 
205;  nucteuB  of  comctJ,  it. ;  cuppoaed  in 
•MM  imtaticea  to  be  solid,  206;  aitentpti 
to  dctennine  iti  magnitude,  it,, ;  atmctvre 
of  the  tail,  ib. ;  iu  directiou  generaltjr 
opponte  to  that  of  the  amtt  ii.}  lateral 
dflf  iation  of  tbe  extmnity  of  the  tail,  397 ; 
direction  of  the  t4tjl  fint  mawked  in 
Europe  by  Aphn,  ib. ;  the  Bsmo  fact 
previoiuly  noticed  by  the  Chiuoie,  ii,', 
comcti  with  scvcmt  taiU,  ib, ;  cDmeU  with 
lull  of  great  lenglh,  ib.;  the  ahaolute 
dimentiona  of  the  tail  aro  in  twatf  in- 
ttjutcet  imiacini^,  20S ;  pheaomena  uiualljr 
exhibited  bj  comets  during  their  pauage 
of  the  pcriliolion,  iij>.;  rariatiE>n  of  volome 
dbfuaoding  on  Uieir  position  reUtito  to 
the  SOD,  301 ;  great  beat  to  which  ■oina 
CDiaeti  are  {.objected  on  tbeir  pajwagc  of 
the  perihelion,  ib.;  dissolution  of  eonicti, 
Su2 :  development  of  the  tail,  ib. ;  Taria- 
tioiia  in  th«  Jt^ngLh  of  the  tails  of  some 
comuts,  303 ;  examples  of  very  contpin^ 
caou)  comets,  3f}i ;  various  opinjoiu 
with  respeot  to  tbe  durability  of  conieti, 
808;  Tsmlion  of  Tolmue,  M7 ;  different 
ttj^anations  of  tht4  fact,  ib,;  hjpotbe«es 


respecting  the  tails  of  comets,  9(iS;  light 
of  comets,  312  ^  bj  some  enquirers  •up- 
posed  to  be  selMuiRinaui,  il, ;  by  othen 
they  are  held  to  ekine  only  by  reflected 
light,  a. ;  expedmeuts  of  M.  A.nigo,  313 ; 
hypothesis  of  Laplnce  with  respect  to  the 
beat  suffered  by  comots,  31 J ;  their  mass 
BiUit  be  very  incooHdenible,  V^. ;  uliimatQ 
end  for  which  comets  are  deitined,  315. 

Comet  of  Biela — demonstrated  by  dambart 
and  Cbusob  to  revohe  in  an  elliptic 
orbit,  ISS;  its  perturbstiom  calculated 
by  Damoiieau,  ib.;  apparition  in  lM6t 
136;  divides  inia  two  parts,  ih. 

Comet  of  Encke — demonstraled  to  roTolve 
in  on  elliptic  orbit,  134 ;  tends  to  cosfina 
the  hypothesis  of  a  resisting  modi  am,  13$. 

Comet  of  Faye-— discovered  by  Faye  in 
IBi'i^  139;  Its  orbit  shown  to  be  elliptic, 
if:;  its  perturbations  calculated  by  Im 
Vcrrier,  I'A, 

Comet  of  Be  Vico — Difcovery  of  the,  141; 
shown  to  revoke  in  an  elliptic  orbit,  ib. 

Comet  of  Hnlley — iu  return  iirst  predicted 
by  O alley,  103;  fi«t  *eeii  iu  175U  by 
Falttscb,  104;  passage  of  the  perihelion 
in  1636.  136  ;  various  detcrwiiutiotis  of 
iu  elements  for  ITS^,  ib.;  its  perturha. 
lions  calculated  by  various  geometers, 
137;  andeat  obtermtiou  of,,  hy  the 
Chinese,  2S8;  phy«ml  obtcrvatioju  of 
Sir  John  Hericbel,  30L 

Oowet  of  LezeU — First  sbowu  by  Lexdl  to 
revolve  in  an  elliptic  orbit,  105;  thrown 
out  of  its  orbit  by  the  disturbing  action  of 
Jupiter,  (&. ;  suspected  by  Vala  to  be 
ideutieal  with  I'^aye's  oomet,  I3i^;  thii 
Dpibion  shewn  by  Le  Vemot  to  be 
•Itoneouf,  140. 

Copemicui — his  ideta  ou  tbe  altraetioti  of 
matter,  15, 

CrabtrB^-^obserrea  the  tmntit  of  VeiuiB  ia 
1039,  421. 

D'Alombert— solves  the  problem  of  three 
bodice,  44;  oouputes  the  lunar  perturba- 
tions, lit,  i  researches  on  the  attraction  of 
ellipsoids,  69. 

Datnoisean— Keseorehes  on  tbo  lunar  thewy, 
119;  calculatfia  tbe  pertorbations  of 
Bielu's  eomet,  136;  retearches  on  Hal- 
ley's  comet,  137;  lus  eroluation  of  the 
lunar  paralinx,  233. 

I>nwc»— determines  the  ellipticity  of  ]f«r- 
eui7,  333;  obierratiDni  on  Saturn's  ring. 

Day,  Sideiviil'^Invariability  of  the,  d«mon- 
vtfAted  by  Foisson,  161;  con  tinned  by 
ancieat  eclipses,  lii. 

De  Dominis — Nomns  of  the  telescope,  618. 

Do  Qasparis — discoireft  tha  planet  Hygda 
F243.  {She  Appendix.) 

Ddambro-.— cHlculBtes  tables  of  Jupitai's  ta^ 
tellites,  &6 ;  tables  of  Jupiter  and  Satvm, 
142;  colcolatei  tables  of  Uniiiui,  16£. 
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Deliale— HypoiheaU  respec^g  the  lami- 
noui  ring  se«n  during  aolar  eclipaei,  886. 

De  Bheita— Account  of  the  origin  of  the 
teleKope,  517. 

De  Yico— -detenninea  the  time  of  rotation  of 
VenuB,  234. 

Descartes — opinion  respecting  the  irradiation 
of  light,  361 ;  accoont  of  the  origin  of  the 
telescope,  517. 

Diffiaction  of  Light — discovered  by  Qrimaldi, 
845;  researches  of  Newton  on  the  sub- 
ject, ib. 

Dollond — Besearches  on  the  dispersion  of 
light,  531 ;  controversy  with  Euler  on  the 
subject,  tb.;  discovers  the  principle  of 
achromatism,  582;  constructs  achromatic 
telescopes,  ib. 

Dorfel — proves  that  the  comet  of  1680 
moved  in  a  parabolic  orbit,  102. 

Dnnthomo — Besearches  on  the  secular  in- 
equality in  the  mean  motion  of  the  moon,  60. 

Du  Sejour — his  researches  on  the  subject  of 
a  lunar  atmosphere,  232;  explanation  of 
the  origin  of  Saturn's  ring,  267. 

Barth — Besearches  of  Newton  on  the  figure 
of  the,  37;  perturbations  of  the,  computed 
by  Clairaut,  50 ;  figure  of  the,  investigated 
by  Huyghens,  66 ;  researches  of  Haclaurin 
on  the  same  subject,  67 ;  researches  of  Clai- 
raut, ib.;  his  theorem  relative  to  the  varia- 
tion of  gravity  at  the  surfsce  of  the,  68; 
motion  of  the  aphelion  of  the,  discovered, 
97;  its  perturbations  investi^ted  by  La- 
place, 127;  long  inequality  discovered  by 
Airy,  128 ;  determinations  of  theellipticity, 
145,  146;  determinations  of  the  mean 
density,  159. 

Eclipses  of  the  Sun,  Total — rareness  of  their 
occurrence,  361;  circumstances  upon  which 
they  depend,362;  ancient  records  of,  363- 
864 ;  modem  records,  365 -7;  account  of  the 
eclipse  of  1842,  867-71;  change  of  colour 
exhibited  by  the  sky  during  the  obscura- 
tion, 372;  darkness  during  the  totality, 
374 ;  sudden  transition  from  day  to  night, 
375 ;  luminous  ring  seen  around  the  moon, 
876;  recorded  observations  of  this  pheno- 
menon, ib.;  appearance  of  the  ring  du- 
ring the  eclipse  of  1842,881-5;  explana- 
tions of  the  nature  and  physical  cause  of 
the  ring,  386-90;  luminous  protuberances 
observed  during  the  totality,  390-393; 
reddish  streak  of  light  observed  around 
the  moon's  limb  immediately  before  and 
after  the  total  obscuration,  396;  conclusions 
suggested  respecting  the  physical  constitu- 
tion of  the  sun,  400;  aspect  presented  by 
the  moon,  401;  coruscations  of  light  ob- 
served, 403;  undulatory  movemedts  ob- 
served before  and  after  the  total  obscuration, 
404;  beads  of  light  observed,  406-10; 
explanations  of  their  physical  cause,  411. 

Eclipses  of  the  Sun,  Annular — earliest  re- 
cords of,  371;  modern  records,  372;  lu- 


minoas  appearance  observed  around  the 
moon's  limb,  897;  aspect  of  the  moon 
during  the  eclipse  of  1836, 401 ;  beads  of 
light  seen  at  the  exterior  and  interior  eon- 
tacts,  407 ;  explanations  of  their  physieal 
cause,  411. 

Eclipses,  Lunar— Phenomena  obaer  red  during 
the  occurrence  of,  412. 

Bdiptic — various  determinations  of  the  obli- 
qai^of  the,  98;  its  diminution  explained 
by  the  theory  of  graritation,  98 ;  influence 
of  its  displacement  on  the  length  of  the 
tropical  year,  99 ;  its  variation  affseted  by 
the  secular  displacement  of  the  eqnatw, 
100. 

Ellipsoids,  Attraction  of — Besearches  of  Mac- 
laorin,  67;  D'Alembert,  69;  theory  of 
the  attraction  of  spheroids  of  amall  eccen- 
tricity, ib, 

Encke--determines  the  man  of  Mercury, 
125;  researches  on  the  mass  of  Jupiter, 
130;  demonstrates  that  the  comet  which 
bears  his  name  revolves  in  an  elliptic  orbit, 
184 ;  speculations  on  a  resisting  median, 
ib. 

Equinox,  place  of  the — Method  of  Flamsteed 
for  determining  it,  471. 

Eratosthenes — determines  the  obliqoity  of 

the  ecliptic,  486. 
Euler — solves  the  problem  of  three  bodies, 
44;  researches  on  the  lunar  theory,  ib., 
46 ;  researches  on  the  long  inequality  of 
Jupiter  and  Saturn,  48;  invents  the  me- 
thod of  the  variation  of  elements,  49 ; 
investigates  the  secukr  ineqnalitiea  of  the 
planets,  51 ;  fruitiess  attempt  to  aocoont, 
by  the  theory  of  gravitation,  for  the  secu- 
lar inequality  in  the  mean  motion  of  the 
moon,  61 ;  investigates  the  theory  of  the 
tides,  71;  researches  on  the  physical 
theory  of  Jupiter's  satellites,  88;  reseuches 
on  the  dispersion  of  light,  531. 
Everest — measures  an  arc  of  the  meridian  in 
India,  146;  remarks  respecting  the  arc  of 
the  meridian  measured  by  Lacaille  at  the 
Cape  of  Good  Hope,  147. 

Fabricius,  David — observes  the  variable  star 
Mira  Ceti,  540. 

Fabricius,  John— discovers  the  solar  spots, 
218;  his  mode  of  observing  them,  227. 

Faye— discovers  the  comet  which  bears  his 
name,  189. 

Ferrer — observes  the  solar  eclipse  of  1806, 
367;  researcheson  the  existence  of  a  lunar 
atmosphere,  886. 

Flamsteeid — appointed  director  of  the  Boyal 
Observatory,  Qreenwich,  460 ;  account  of 
his  labours,  467-477;  attempts  to  deter- 
mine the  paralkx  of  the  polar  star,  548. 

Fontana — first  observes  spots  on  the  sar&ce 
of  Mars,  235. 

Foster — Experiments  with  the  pendolnm 
for  the  purpose  of  determining  the  eliipti- 
city  of  the  earth,  156. 
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Snaenliofer — BKccllcnee  sltftined  bjj  in  ttie 
MOitnictioa  of  refracting  ti!l(MCti|i«s,  535. 

0alQ0t» — ducoren  tbo  diunihl  libiution  of 
tbe  moon,  12  ,*  discdren  the  Kitellltps  of 
Jupiter^  76  ;  dcducj^t  ibe  rotatory  motion 
of  th«  lUo  froiu  obaerTiktiorii  of  the  solar 
jpoif,  216 ;  determtne«  the  period  of  rotA- 
tido,  ib, ;  hit  mode  of  obKrvinp;  the  aolor 
Jpotf,  223;  diftcoTeiy  of  nionntaiDS  dq 
the  mooDa  lurface,  22^  ;  pbavf  of  Vcnuij 
2S3-  inex|ilie»ble  appeaiabce  of  Saturtij 
254  ;  FflHuehea  on  imdmdon,  347  ;  exe* 
aiiet  a  nfractmg  leleicope,  520  ;  method 
for  AKrrtdiiimg  the  niagnifying  power  of 
IcleKopea,  621 ;  first  applki  the  teleKope 
to  the  purposes  of  pfa^Hcal  leicDee,  it',; 
flttcEOpt  lit  dctenniDQ  (he  apparent  dia- 
meter  at  «  Ljrx,  5i&  i  method  for  deter- 
iDiniag  lb«  parallax  of  the  fixed  atars, 
547. 

Galli: — djjeoven  the  pkutel  exterior  to  ITm- 
titu,  1D2. 

GallowftjT — B«Karchci  on  the  motion  of  tb« 
iflljir  fjitcni  in  !pa<e,  057, 

Gambairt — deraontinitea  tbat  th«  comet  of 
Biela  rcToWet  jn  an  elliptic  orbit,  135, 

Oucoig&e— fint  invenU  the  micrometer, 
4S0;  micrometricai  rcinlti  dne  to  him, 
452 ;  firit  employi  telegcopic  tighlt  in 
astronomical  Dbwrrationei,  iti. 

a<^ — Heieanhei  on  irradi-itlon^  347  ; 
obienret  the  tnnnt  of  Mctciltj  in  I631j 
415. 

Qilb*Tt — hia  idem  of  atlractian,  16. 

Gilliu — appointed    lo   determine   (he   lolw 
punllAX,  213 ;   cntnlDguo  of  ■<»»,  6lS, 
iricke — Beiearchet   on    variable  atais, 

to. 

QiBviULtion.  tfaeorj  of — citabltibed  by  New- 
ton in  jvll  ita  genejtiiity,  26  ;  tlowneu  of 
ruly  prc^reu,  41. 

f,  JTunes — fint  point*  out  the  utitity 
tnuuit*  of  t!ie  inferior  plnncta  iti  deter- 
mining the  value  of  the  loliir  parallriXr 
428  ;  expUini  the  principle  of  the  rfllect- 
ing  lettKope,  52fi ;  method  for  detei^ 
mining  the  paraUnx  of  tbe  fixed  ttut, 
S47. 

[On»mbridgc— ^jxccatet  n  CRtalogue  of  tbin, 
511. 

Hadlejr^iQTent*  th«  reflecting  oelSQt,  452 ,' 
atuijis  great  excetlenc(»  in  tbe  construc- 
Uon  of  refltictinjr  t«!eJciapea,  5'29. 
JBalley — encourage]  Newton  in  bis  reuarehes 
00  the  theory  of  gmviUtiou,  '2?  ;  lutpectt 
the  pbyjjcjil  rau»c  of  the  long  ineqimUty 
of  Jupitef  and  Saturn,  43  ;  dtKovcri  tbe 
iecaiar  inecjualitj  in  tbe  moQn'ii  nienn 
motion, 60 ;  re*eaiche9  on  Newlon'i  theory 
of  «i>metj,  102;  predicti  the  return  uf  the 
eomet  which  bears  his  name,  103  ',  deter^ 
Uiiaei  the  period  of  the  great  comet  of 
1660,  239  i  remark  relative  to  the  tdnr 


ccHp«e  flf  1715,  373;  mcceedi  FLim- 
ttced  at  the  Obferv»t«rj'  of  Qmenwicfa, 

477;  opiition  respecting  the  apparent  diA- 
raet<.rt  of  the  tun,  545 ;  fir*t  diccoven 
tbe  proper  motions  ot  the  start,  554. 

Haxuen — fais  reaearehes  ob  the  p1u]etiii7 
pcrturbationi,  113;  accounta  \lj  %h« 
theory  of  gimvitation  for  the  irrogaIiifitie« 
in  tb«  aoon't  epoch,  120 ;  nccotinta  for 
two  new  ineqaatilieB  in  the  moon'i  mutiE>n, 
2QQ. 

Harding'- dincoTcrs  Juno,  240  j  observa- 
tic>Ri  of  Satum'a  ring,  264. 

Harriot — obecrvea  the  aolor  epoti,  215. 

Hencke — diKoven  the  planet  Altrfa,  242; 
Hebe,  ti, 

Henderion — Ke»eiirch«ii  on  the  laliie  of  Tb« 
■olar  primllitx,  212;  inveatigation  of  the 
lunar  por^laxr  2'2S;  dctemiinet  the  pa> 
raliaz  of  tbe  double  ttir  m  CeDtaorij  651. 

Herwhd,  Sir  John— obitrve*  Halley'a  e«jmet 
after  tho  pamge  of  the  perihelion  in 
I335j  138;  ttstarehat  on  the  satellitei  of 
Saturn,  143;  explanation  of  the  phj^iicd 
caute  of  the  toW  ipot«,  225;  reobcervei 
two  of  the  aatenitei  of  Urannij  255 ;  re- 
Marchea  on  their  motions,  iV<. ;  obicrviii. 
tion  indioLtive  of  the  lraaipar«acy  of 
cometi,  294;  tbe  nucleui  of  a  comet  ap* 
^>ean  to  bo  merely  n  vaporoui  «ubttue«, 
xL ;  obMrrationi  oo  the  phyiieal  aspect  of 
Bailey's  comet  afler  the  paiaage  of  the 
peribeHon  in  ISS5,  299;  variation  of  the 
volume  of  the  comet  usigned,  301 ;  tV' 
mark  on  the  grent  hent  to  which  eometi 
are  lubject  on  tht-ir  patsige  of  the  perihe. 
lien,  '602;  explami  the  variation  of  volnme 
which  cameti  nndergo,  307 ;  TeieArch<,>»  on 
the  relative  hrigbtncu  of  the  stara,  £4'2; 
reiearehea  on  double  •tart,  &B0',  obaervn- 
tioni  of  neh^lip,  CflS;  atu  go&ge*  iti  the 
southern  bemiaphere,  C77. 

HcrKchel,  Sir  William — detenainef  thenln- 
tire  quantity  of  light  enitttcd  by  the  dif* 
ferent  parts  of  aolar  spots,  217 ;  uieaanreii 
their  die,  213;  remarkt  their  rapid  cban|t«i, 
i&,;  explanation  of  the  penumboe,  223; 
hjpethesis  of  the  generatio-n  of  the  apoti, 
ib,;  determined  the  alti tad e  of  the  lunar 
inountaini,  229;  determioci  the  time  of 
rotation  of  Iklars,  236;  asMgni  the  ellip- 
ticity  of  that  planet,  ib, ;  eirplaina  the  ap' 
pearance  of  white  ipott  at  the  poles,  237 ; 
reaearchei  on  the  rotalton  of  Jupiter,  245; 
velocity  of  the  ipoti  on  the  planet's  disk, 
247,*  opinion  respecting  their  nature,  i*.; 
explonntion  of  the  belts  ot  Jupilcr,  248; 
physical  observations  of  the  snteliitef  of 
Jupii«r,  240;  determines  the  equality  be^ 
tween  the  periods  of  rotation  nnd  perolu- 
tion  in  the  cfl«  of  all  the  uleltites,  tft.  j 
determine]  the  abiolule  Tungnilnde  of  the 
•econd  satellite,  and  the  relative  raagnt- 
tudea  of  all  the  fmir,  250 ;  olMerres  the 
bands  of  Falum,  251 ;  dedncei  from  them 
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th«  rotation  of  the  planet  on  an  axil,  251 ; 
determines  the  time  of  rotation,  ti. ;  dis- 
covers that  the  fignre  of  the  planet  is 
spheroidal,  252;  determines  the  ellipticitv, 
t6. ;  observes  an  irregularity  in  the  fignre 
of  the  planet,  253 ;  discovers  phenomena 
indicative  of  an  atmosphere,  ib.;  pheno- 
mena observed  about  the  polar  regions, 
254;  demonstrates  the  duplicity  of  the 
ring,  260;  proves  the  thickness  of  the 
ring  to  be  inconsiderable,  261 ;  discovers 
the  rotatory  motion  of  the  ring,  262 ;  de- 
termines the  time  of  rotation,  ib. ;  physical 
observations  of  the  ring,  268;  suspects  it 
to  be  encompassed  by  an  atmosphere,  264; 
perceives  the  unenlightened  side  of  the 
ring,  265;  explanation  of  its  visibility, 
266;  discovers  two  satellites  of  Saturn, 
270;  observations  on  the  variable  bright- 
ness of  the  fifth  satellite,  272;  discovers 
the  planet  Uranus,  272-274 ;  determines 
its  magnitude,  275 ;  discovers  two  satel- 
lites revolving  round  Uranus,  279;  de- 
monstrates that  their  orbits  are  nearly 
perpendicular  to  the  ecliptic,  and  that 
their  motion  is  retrograde,  282;  discovers 
four  additional  satellites,  ib. ;  observations 
on  the  physical  constitution  of  the  two 
old  satellites,  284;  observation  illustra- 
tive of  the  transparency  of  comets,  293  ; 
researches  on  the  comet  of  1811,  294;  re- 
■earches  on  the  light  of  comets,  SI  2; 
opinion  on  the  purpose  which  they  serve 
in  the  economy  of  the  physical  universe, 
816 ;  experiment  illustrative  of  irradiation, 
852;  attains  great  excellence  b  the  con- 
struction of  reflecting  telescopes,  538;  re- 
searches on  the  relative  brightness  of  the 
■tars,  542;  space-penetrating  power  of 
telescopes,  544;  applies  it  to  determine 
the  relative  distances  of  stars  and  clusters 
of  stars,  ib.;  attempts  to  determine  the 
apparent  magnitudes  of  the  stars,  646; 
researches  on  the  parallax  of  the  stars,  549; 
researches  on  the  motion  of  the  solar  sys- 
tem in  space,  566 ;  observations  of  double 
stars,  559;  establishes  their  physical 
theory,  560 ;  observations  of  nebulae,  565 ; 
nebular  hypothesis,  567 ;  structure  of  the 
Milky  Way,  675;  star  gauges,  ib.; 
speculations  on  the  breaking  up  of  the 
Milky  Way,  570. 

Hevelius — discovers  thelibration  of  themoon 
in  longitude,  72;  surmises  that  comets 
move  in  parabolas,  102 ;  constructs  charts 
of  the  moon's  surface,  229;  observes  a 
transit  of  Mercury,  417;  constructs  a 
catalogue  of  stars,  508 ;  attempts  to  deter- 
mine the  apparent  diameters  of  the  stars, 
645. 

Hind — Discovery  of  Iris,  248;  Flora,  tJ.; 
researches  on  the  identity  of  the  comets  of 
1264  and  1666,  290.  {See  Appendix.) 

Hipporehus — discovers  the  precession  of  the 
pgninoxes,  818;  detenninet  the  place  of 


the  equinox  among  the  ttan,  485;  ettab- 
lishes  the  solar  and  lunar  theoriec,  486; 
invents  the  astrolabe,  438 ;  the  first  who 
executes  a  catalogue  of  stars,  607. 
Hooke — ^his  correspondence  with  Newton 
relative  to  the  path  of  a  projectile,  22; 
contests  Newton's  chum  to  the  discovery 
of  the  law  of  gravitation,  29;  discovers 
the  rotation  of  Mars,  286;  his  estimation 
of  the  time  of  rotation,  »&. ;  discovers  the 
rotation  of  Jupiter,  244 ;  suggests  the  first 
notion  of  the  reflecting  quadrant,  481; 
first  executes  a  Gregorian  telescope,  529; 
points  out  the  principle  upon  which  the 
vinbility  of  stars  depends,  648 ;  attempts 
to  determine  the  parallax  of  the  stars,  648; 
suggests  the  probability  of  a  proper  motioD 
of  the  stars,  658. 
Horrebow — Account  of  the  deatmction  of 

the  Copenhagen  Observatory,  466. 
Horrocks — observes  the  transit  of  Yenns  in 
1639,  421;  account  of  his  life,  422;  col* 
lection  of  his  manuscripts  by  the  Boyal 
Society,  424;  brief  notice  of  his  posthu- 
mous fragments,  424-428 ;  attributes  the 
motion  of  the  lunar  apsides  to  the  disturb- 
ing force  of  the  sun,  425;  devises  the  ex- 
periment of  the  circular  pendulum  with  a 
view  to  illustrate  the  action  of  a  centnd 
force,  ib. ;  obtains  a  glimpse  of  the  long 
inequality  of  Jupiter  and  Batom,  486; 
surmise  respecting  the  movements  of 
comets,  427;  undertakes  researches  on 
the  tides,  ib.;  remark  respecting  the  ap- 
parent diameters  of  the  stars,  646. 
Hnasey — snspects  the  existence  of  a  planet 

beyond  Uranus,  166. 
Huyghens — refuses  to  admit  the  attraction 
of  the  constituent  particles  of  matter,  42; 
his  researches  on  the  fignre  of  the  earth, 
66 ;  discovers  the  true  form  of  Saturn's 
appendage,  257;  determines  the  magni- 
tude and  position  of  the  ring,  258 ;  dis- 
covers a  satellite  of  Saturn,  267;  applies 
the  pendulum  to  clocks,  448;  method 
devised  by  him  for  measuring  small  angles, 
450;  attains  great  excellence  in  the  con- 
struction of  telescopes,  525;  determina- 
tion of  the  parallax  of  Sirius  by  photo- 
metric principles,  647;  discovers  the 
nebula  of  Orion,  563. 

Invariable  Plane  of  the  Solar  System — 
existence  of  the,  demonstrated  by  lAplace, 
101. 

Irradiation  of  Light — first  remarked  as  a 
general  principle  by  Kepler,  346;  re- 
searches of  Gkb'leo  on  the  subject,  347; 
Ghissendi,  361;  Descartes,  ib.;  illustra- 
tive experiment  by  Sir  William  Hcrscbel, 
362;  researches  of  Dr  Bobinson,  853; 
Plateau,  865;  Powell,  856. 

Ivory — Theorem  relative  to  the  attraction  of 
ellipsoids,  148;  researches  on  the  theory 
of  tefiaetion,  883. 
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Jolinaon^txfcnlea  ft  »U\(^b  of  lotiihem 
•1v«,  512;  obiBrrationi  o(  circumjiolar 
atan  In  the  nortbein  henuspberej  511. 

Jupiter — laKg  inequality  in  tlie  ineBii  mo- 
tJODj  47;  iti  pbjtical  cauu  Ant  ■uipected 
bjr  Hji1]«j,  49;  T««eiirctie«  of  Bnler,  i'^.; 
Idgrange,  50j  5S;  Lambert,  6T;  Luplaco 
fowUy  nccount*  for  it  hy  the  theory  of 
fiftTilAticin,  59  ;  rftrioiu  d«t«Tiriinatmnior 
the  nuBi  of  th«  planet,  130;  belts  o» 
hi*  inrfoce,  243;  icbpn  diicoTered,  344; 
roteti»n  of  tbe  pTanet  on  nn  uii  aui- 
IKtKd  by  HtHikt?,  ih.;  eitabtithed  bojond 
doubt  by  CiiHini,  ifi.;  KKftirhe*  of  Sic 
Willkm  BpFKhel  on  the  tubjeet,  245 ; 
ftmuthm  of  Airy,  if>,;  eUiptidty  dit- 
eorered,  I'S.;  detennitied  by  Pound,  Ht.; 
StruTP,  I?/.;  n^uT  Hgrpemfhl  betw¥«n  tfta 
obterred  elliptidty  and  tbe  iheoKtioJ 
detemiinattoii  of  Laplaee,  t£.;  e>b»ert»- 
limi  of  hJi  b«U§,  246;  rxpUmationa  Df 
their  natu»,  246. 

Jupiter,  Sntellitei  of— dijcoveff d  by  Oaiileo, 
76  ;  tablei  of  Hftdlenui,  79;  Boxelli,  t'ft, ; 
tobte*  <jf  Cftisini,  80 ;  t*biei  of  Bradley,  81 ; 
equatiau  of  ligl^t  first  introduced  into 
their  thi'oiy  by  that  attroncuner,  i6, ;  bii 
diMDTL-ry  uf  th?  ineiiiiality  in  the  tbrea 
interior  (Bttellites,  83;  wtearches  of  New- 
t«iJ  on  their  pbyBical  theory,  ?S ;  disturb- 
ing  influence  of  the  tpIiF^raiiliil  Agnre  of 
Jupite;  fint  remarkod  by  Euler,  &^', 
efifect*  thui  produced  lirit  pointed  out  by 
Walmilcy,  JA. ;  lubjected  to  rigortju*  inTe»- 
tigalion  by  Knier,  i(>.;  their  pfimrbatioRi 
inveitigated  by  Bnilly,  «'(.;  tettatvht*  of 
Idignm|ie,  90;  relation  between  the  mean 
lotigititdei  and  the  mean  raoiinna  of  the 
three  interior  Kitellite*  diMovrrdl  by  La- 
place, SS;  libration  of  the  three  interiar 
Httellitea,  lA. ;  reaenrche* of  laplaee  on  the 
theory  of  the  eateUltei,  fl3 ;  invariable  plane 
ofrefeirencediecOTered  by  him.  64;iiiaueB 
uiigned  to  the  aBteUitea  by  bim,  96; 
tttoenU  determined  by  Delainbre,  i&. ; 
nuziiiium  vilue  of  aberration  dedaccd 
from  the  edipiet  of  the  Mtellitea,  ib. ; 
tiMAowi  and  tmntiti  of  the  tatellitn  ob- 
■erred  by  CajMini,  2i3;  physical  obHm- 
cioiu  bj  Hunldt,  ifi,;  conciuiion  dedudble 
ftoni  thetn,  249 ;  the  timei  ef  rotattan  and 
rerolaljon  of  each  wtelUte  ahown  t/o  be 
equal,  ib.}  Tflritma  determinations  of  the 
lOBputndet  of  the  »telUlea,ift.  ^  f«at  II  .,iti 
ioelifiiitiiHi  demoRitRited  by  Nnr^ldi  I.  to 
be  nmnble,  SI ;  period  of  ihisinrqunljty  de* 
Icnnined  by  Wargj-niin,  85;  lihmtory  lao- 
tioi)  of  the  nodea  diaeoTcred  by  HnnJdi 
II.,  8fi;  eiplmned  by  BaiUy.  tft.J  deter- 
mtnation  of  iia  mas*  by  that  geometer,  $£*■ 
— 5at.ni.,MexaldiII.diK:oT«niti)Dclina- 
tiontobeTHriBble,  83;  itf  eccentricity  di&> 
eorered  by  him,  84  ;fiupected  by  Wai^geotiii 
to  be  Tuiable, «%. ;  period  of  the  inefluilitT 
in  tbe  inclisation  determined  by  Mualdi 


iL.Sfi  I  iu  tnAM  d«tera)3ned  by  BaiUy,  89. 
— S»t,  IV.,  ita  orbit  nupeeted  by  Bndl^ 

to  be  eccentric,  82 ;  eccentridty  citibtiahed 
by  Mualdi  IL,  H,;  the  bodet  diKoyered 
to  hare  a  direct  motion  on  the  plane  of 
Jupiter's  orbit,  85;  explanation  of  tbii 
Apjnrent  anomaly  by  Latande,  rZf. ;  ineli- 
nattoD  ihowD  to  be  variable,  69. 

Kater — Mode  of  determiDing  tbe  lea^  of 
the  leconda'  peodnlmn,  153. 

Kepler — hii  idesi  of  tin  attmeti^e  force,  IT; 
•annitfe  that  cometi  more  in  (traighi 
liaet,  102;  opinion  retpecling  the  utU 
of  ctnneta,  309;  reaearthei  on  refraction, 
321 ;  reacarcbe*  on  trmdiatii^n,  947  i  opi- 
nion reipeettng  the  luminoui  ring  accn 
during  solar  eclipiei,  38fi ;  prp<)ict#  Iraniiti 
of  Herearyand  Yenui,  415 ;  first  eipliiiiii 
the  principle  of  the  refrntting  tele»c<»pe, 
625;  observes  the  new  atnr  of  1604,689; 
<»piR)on  respecting  ita  origin,  I'A. 

Kmmp— BLcjearchea  on  iho  nrnlhematieni 
theory  of  refraction,  330. 

lucaille^ — meatorea  an  arc  vf  tbe  tntridijiii 
at  the  €ap«  of  Qgod  Hope,  147 ;  deter- 
nunet  tbe  solar  patalbic,  SIS;  lunar 
parallax,  22S;  reaearchea  en  reffMtion, 
830 ;  ncetrunl  ef  his  bboiira  in  ptacticnl 
astrcmomy,  466  ;  observations  of  nebulc 
in  the  wuthem  hemitphefe,  664. 

Lagrange — devises  a  new  solution  of  the 
problem  of  three  bodies,  which  he  apptiea 
to  the  Im^eadgatioi]  of  the  Jong  ine^nalitj 
of  Jnpiterand  fiatnm,  50;  demotiitrntc? 
the  invariabUity  of  th#  Tnecin  *iiitance«  of 
the  planets,  52  ;  inTestigntes  the  secular 
Yoriatiims  of  the  other  cl<<'mf(iti,  ili. ;  le- 
rond  invettigntion  of  the  long  inequaltt^ 
ef  Jupiter  and  Satnmj  SS  ;  re*enrclic»  on 
the  secular  inequality  in  the  mean  motion 
ef  the  moon,  61 ;  researches  on  tbe  at- 
ttaction  of  cUipsoida,  69 ;  libra tiofi  of 
tbe  moon,  74  ;  investigqlcs  the  perturba- 
tiooi  of  Jupiter's  sateltitcs,  90  ;  computes 
the  dimintttifin  of  the  ecliptic  by  the 
theory  nf  gritvitatii^in,  93  ;  his  method  for 
calculating  the  perturbaiiaii>  of  comets, 
105;  his  reiearclief  on  the  variationa  of 
tbe  elements  of  the  planetary  orbits,  110; 
invents  thc^  theory  of  the  vartatton  of 
arbitmry  cofiat.'inti,  1 1I  ;  reMorcbea  on 
the  origin  of  the  ultn-zodiacal  phmeta, 
241. 

Ia  Htre — his  expltmAtion  of  the  solar  spota, 
219;  hypotheiii  respecting  the  laniinona 
ring  seen  during  lolar  eclipses,  3S6, 

Lalandc — his  researches  on  the  libmtion  nf 
the  moon,  73;  objections  urged  by  him 
against  Wiliau  s  theory  of  the  solar  spots, 
222, 

Lambert — Kesearcbeson  the  long  iuequality 
of  Jupiter  and  Bttum,  6T  ;  reinark  re- 
specting the  Tiaibilitj  of  the  stars,  54S ; 
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adopt!  the  hypothnii  of  a  centnl  cun, 
£58 ;  views  respecting  the  stroctare  of  the 
MUky  Way,  674. 

Lamont — ^Researches  on  the  satellites  of 
Ummis,  2S5. 

Laplace — his  opinion  respecting  the  Frin- 
cipia,  33 ;  his  researches  on  the  mean 
notions  of  the  planets,  51 ;  investigates 
the  secular  variations  of  the  planetary 
elements,  52;  his  theorems  relative  to  the 
stability  of  the  planetary  system,  55;  ex- 
plains by  the  theory  of  gravitation  the 
long  inequality  of  Jupiter  and  Saturn,  59 ; 
diKoven  the  physical  origin  of  the  secular 
inequality  in  the  moon's  mean  motion  and 
computes  its  amount,  62;  investigates 
the  secular  inequalities  of  the  perigee  and 
nodes  of  the  lunar  orbit,  64  ;  computes  the 
lunar  inequalities  depending  on  the  sphe- 
roidal figure  of  the  earth,  65;  investi- 
gates the  inequality  in  the  moon's  longi- 
tude depending  on  the  solar  parallax,  i6. ; 
discovers  inequalities  in  the  moon's  mo- 
tion, depending  on  the  spheroidal  figure 
of  the  earth,  tb. ;  determines  the  lunar 
inequality  in  longitude  involving  the  solar 
parallax,  ih. ;  theory  of  the  attraction  of 
spheroids,  69  ;  demonstrates  the  stability 
of  the  ocean,  71 ;  researches  on  the  tides, 
ib. :  investigates  the  disturbing  influence 
of  the  ocean  on  the  earth's  axis,  ib. ;  re- 
searches on  the  stability  of  Satom's  rings, 
76 ;  investigates  the  perturbations  of  Ju- 
piter's satellites,  91 ;  researches  on  the 
diminution  of  the  obliquity  of  the  ecliptic, 
99;  comparison  of  his  formula  with  an 
ancient  Chinese  observation,  t^. ;  investi- 
gates the  secular  variation  of  the  tropical 
year,  ib. ;  discovery  of  an  invariable  plane 
in  the  solar  system,  101 ;  publication  of 
the  MScaniqut  CilesU,  108;  researches 
on  the  variations  of  the  elements  of  the 
planetary  orbits,  111 ;  suggestion  respect- 
ing the  cause  of  the  irregularities  in 
the  moon's  epoch,  119;  determines  the 
mass  of  the  moon,  122;  researches 
on  the  mean  temperature  of  the  earth, 
162;  oscillations  of  the  atmosphere,  ib. ; 
first  calculates  the  elliptical  elemenU  of 
Uranus,  275 ;  hypothesis  relative  to  the 
heat  of  comets, '314 ;  researches  on  the 
theory  of  refraction,  331. 

Lasscll— discovers  the  eighth  satellite  of  Sa- 
turn, 271 ;  reobserves  one  of  the  satellites 
of  Uranus,  286 ;  discovers  a  satellite  re- 
volving around  Neptune,  tJ. ;  effects  im- 
provements in  the  constniction  of  reflect- 
ing telescopes,  536;  discovers  two  satel- 
lites of  Uranus,  Appendix. 

Le  Verricr— his  researches  on  the  mcbna- 
tions  of  the  planetary  orbits,  116;  in- 
vosti-mtes  the  secular  mmtions  of  he 
i  Sry  elemenU,  117 ;  investigates  the 
CJTof  Mercury,  125;  «lculate.  the 
fX^equalityof  PalH  182 ;  n«e«ches 


on  the  pertorbationa  of  Faye'a  comet,  139 ; 
researches  on  the  identity  of  the  comets 
of  Lexell  and  Faye,  140 ;  proves  them  to 
be  distinct  bodies,  141 ;  researches  on  the 
identity  of  the  comeU  of  1585  and  1843, 
ib.;  investigates  the  theory  of  Uraniu, 
175 ;  &ils  to  account  for  the  observed  ir- 
regularities of  the  planet,  177 ;  investigates 
them  upon  the  hypothesis  of  a  disturbing 
planet,  178;  first  results  which  he  ob- 
tained, 183 ;  second  investigation  of  the 
subject,  187;  final  results  dedoced  by 
him,  188 ;  remarks  on  the  physical  aspect 
of  the  disturbing  planet,  190. 

Lexell — shews  that  the  comet  which  bears  his 
name  revolved  in  an  elliptic  orbit,  105; 
his  explanation  of  its  disappearance,  ib. ; 
first  suspects  Uranus  to  be  a  planet,  274; 
determines  its  i^parent  diameter,  275. 

Light — Researches  of  Struve  on  the  ex- 
tinction of,  in  its  passage  through  space, 
577. 

Lipperhey — proved  to  be  the  original  in- 
ventor of  the  telescope,  619. 

Longitude — Arc  of,  measured  in  the  British 
Isles,  150. 

Lonville — applies  the  micrometer  to  dirided 
instruments,  481. 

Lubbock — Researches  on  the  lunar  theory, 
120. 

Lunar  Mountains — first  discovered  by  Ghdi- 
leo,  229 ;  various  determinations  of  their 
altitudes,  ti. 

Maclaurin — ^his  researches  on  the  equili- 
brium of  ellipsoids,  67 ;  investigates  the 
subject  of  the  tides,  71. 

Maclear — observes  Hallcy's  comet  after  the 
passiJgc  of  the  perihelion  in  1S35,  138; 
geodesical  operations  at  the  Cape  of  Good 
llope,  148;  researches  on  the  parallax  of 
m  Ccntauri,  ib. 

Madler — Surmise  respecting  the  possibility 
of  discovering  a  planet  beyond  Uranus, 
167;  executes,  in  conjunction  with  Beer, 
a  chart  of  the  moon's  surface,  230;  de- 
termines the  ellipticity  of  Uranus,  278 ; 
speculations  on  the  existence  of  a  centnl 
sun,  558. 

Main— demonstrates  the  elliptical  figure  of 
Saturn,  266 ;  researches  on  the  proper 
motions  of  the  stars,  557. 

Mairan — Hypothesis  of  Saturn's  ring,  267. 

Maraldi  I. — his  researches  on  Jupiter's  satel- 
lites, 80 ;  rejects  the  equation  of  light, 
81 ;  discovers  that  the  inclination  of  the 
second  satellite  is  variable,  ib. ;  deter- 
mines the  time  of  rotation  of  Mars,  236 ; 
physical  observations  of  the  satellites  of 
Jupiter,  248;  observations  of  Saturn's 
ring,  263. 

Maraldi  II. — Researches  on  the  motions  of 
Jupiter's  satellites,  83 ;  discovers  that  the 
inclination  of  the  third  satellite  is  variable, 
ib.}  establishes  the  eccentricity  of   the 
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fboftlmtellile,  it, ;  ilnt  rcjecU  and  tab- 
aeqnentlj  adrnila  the  cqiiatiou  of  ligljtj  it'.; 
icowrlu  llmt  the  nodGi  of  [he  fourUi  M- 
t^tfl  IwTti  a  din.'ct  motion  on  the  plane 
of  Jopiter't  orbit,  S5  j  ducovers  the  libni^ 
iory  motiijti  of  the  noJof  of  the  tecond 
ta(e!Ut«,  86;  iiivcttigai<»4  the  itictinntian 
of  ibc  third  tau^lUtP,  t'ft, ;  dctenntDci  tbo 
mngnltadefl  of  Ju^iter't  tateUitH,  250. 

Han — T&riotu  detensinatiODK  of  biA  mus, 
129  -  i{K}ti  on  hi«  niiboe,  235;  tiieu  firat 
difCDTery,  >&.;  tb«j  indicat43  a  rotttory 
ttiation  df  the  pluuet,  236 ;  pcnad  of  rolq- 
tton  drtcrmiiicd,  t%,;  appearance  of  blight 
sp«t«  at  the  pol«f,  237;  phjtinl  cjcplona- 
tion  of  iticfe  phenomena,  ift. 

Mwkeljne — Experinient  of,  to  detennine 
the  aUmttioD  of  Bchchallien,  ]&$;  pli«^ 
nomena  obKrred  by  him  during  the  tmn- 
tit  of  Vecna  in  176D,  429;  appointed  dl- 
tvctor  of  Qrecnwich  Ubscnrntoiy,  488. 

MaDpertitu — Bxplanattoii  of  the  origin  «f 
Satuni^s  ring,  237 ;  hypotfaetiA  reipecliog 
the  TArinbiiity  of  the  light  of  gtAn,  541, 

Mftjcr — calctilatci  limur  u.btea,46 ;  researches 
on  the  Itbratian  of  tit«  moon,  73 ;  KseaKhea 
on  rciniction,  33U ;  Hcc(»unt  af  hit  laboitD 
in  practical  aitionomj,  487;  mggeite  the 
u&D  of  the  repeating  (;ircle,  488 ;  refearches 
on  the  iiropcr  motion*  of  ihe  start,  565. 

Uficaniqne  Celcsitc — pubtiivation  of  tbi^,  108. 

Mennry — Resc&rchea  of  Le  VerrK'r  on  the 
thcoty  of,  125;  variotu  determinationA  of 
jta  maaa,  if/. ;  difficulty  expencfnced  in 
making  rei«arche<  on  iU  phjncft]  conititu- 
lion,  233 ;  roauntatna  upon  ita  turbcej  iL ; 
U  aiUTOanded  by  nn  atmospben  of  con* 
timetable  extentj  ib. ;  a  iligbtly  apheroida!, 
tb.;  itaelliptieity  dt^t^rniined  by  Dawet.  iti. 

Mewury,  tranut*  of— Traniit  predicted  by 
Kepler,  415 ;  observed  by  GotKiidi ;  ac- 
counti  of  vnricUB  trniiiti,  417;  pheno- 
menon obfcrved  during  the  transit  of  1753 ; 
phyiical  appeoiancea  nattwd  during  ictc- 
nJ  other  tranaits,  413. 

Hwidiao  Circle— invented  by  Roetner,  451, 

Henrane — sugge«ta  the  principle  of  the  re- 
fleeting  teltticope,  5^7, 

Meiaier — tl'bservatioiijof  .Satnrna  ling,  264  ; 
remark  on  the  diacovery  of  [Jnuiua,  277; 
obiervatioas  of  ncbuts. 

Metiiia — prorni  to  be  ene  of  the  inrentota 
of  the  teleacopc,  510. 

Michcll— lint  points  out  the  principle  upon 
which  the  riaibility  of  the  atari  mainty 
dependa,  543 ;  appltea  it  to  the  determina- 
tian  of  the  relative  brightnets  of  the  a  tar  a, 
ib.'t  estimate  of  the  rvpparent  diameter  of 
Siriiia,  (b,;  adopta  the  hypotbesia  of  n 
central  mn,  £§3;  vjewa  on  the  pbyalcal 
jtheocj  of  double  itara,  559. 

ttar— fiiat  Lnrenled  hy  Qnicoigne, 
4{i0 ;  contrivance  deriaed  by  Huygheni, 
ihr,  Malvona,  ih.i  Aiuont,  Qt.\  Hooke, 
451 ;  Wren,  t&. 


Milky  Wdy— Enrly  netbni  af  thf,  572; 
ihtory  of  Wright,  573;  rcaearthei  of  Sir 
W.  Herichcl,  («7fi;  method  of  gauging  the 
heuveni  ilcviaed  by  him,  t%.;  apeciilationa 
on  the  breaking  op  of  the,  £7d;  niearches 
of  Btruve  on  the  physical  ■tmcittre  of  the, 
£77;  gangei  of  Eif  J,  HeFielutl  in  the 
ioutheni  heTniaphen;,  tb. 

Moll — Conunanication  relative  to  tlie  ioTen- 
tion  of  tho  telescope,  £19. 

Hontannri — firat  diacoreta  that  the  Atar  ^ 
Feract  ia  variable^  £40, 

Moou — Newton'a  rescarehea  on  the  theory  of 
the,  36 ;  motion  of  the  apogee  erroaeomly 
compbted  by  kim,  37;  retesrcbea  of 
Boler,  44;  ClairAUt,  15;  D'Aletnbert,  i^.; 
motion  of  the  apogee  reconciled  with  the 
theory  oif  gmTitntion,  46;  tecular  inequa- 
lity jo  the  mean  motion,  diacovered  by 
Hsiley,  60 ;  reacareltu  of  DttRttiom  on  th« 
aubject, ib.;  frnitleaa attempt*  of  geemeten 
to  acoonnt  for  it  by  the  theory  of  gmitft* 
tion,  iSl;  finally  traced  to  ita  nriJBJB  by 
Laplace,  62;  secular  iiietjuiditiei  of  the 
perigee  and  node*,  64;  p<?rtwb»tion*  de- 
pending on  the  apheroidiil  figure  of  the 
earth,  05 ;  inequality  in  longitude  involv- 
ing the  tolar  parallax,  65  ;  irregularitiei 
in  tbe  cpocb  dtacoveted,  118;  euapectcd 
to  iiri»  from  aome  long  inequaUty,  11^- 
lepreaeitted  by  an  empiric  equation,  -ih, ; 
reaearchea  on  the  lunar  theory  by  Pimioi- 
iean,  119 ;  reaeiirchea  of  Pbina  and  Ciirlini 
on  the  eomc  aubjcct,  iL, ;  Lubbock,  120 ; 
Foiaaoa,  120;  irregulcirities  in  the  epmeh 
accounted  for  by  Hanaen,  121 ;  mou  de- 
temuhedby  Nenrton,  122;  dctennination 
of  the  itanie  element  by  LapUce,  Q>,\  two 
new  incqualiLica  detected  by  Airy,  20£; 
ucounled  for  by  Banien,  i^. ;  chart*  of 
her  nirface  coTutncted  bj  dtflierent  per- 
aont,  S29;  existence  of  a,  iDnar  atmo- 
apherc,  230 ;  conlroveny  on  the  subject,  iit. 

llI«nD,  Libration  of — Diurnal  libfation  dis- 
covered by  Oa!ileo,  72;  Itbration  in  longi- 
tude diacovcred,  16, ;  nMrarcfaet  of  Casaini, 
7>1;  Uaycr,  i7>. ;  Lalande,  ih.',  phyiical 
lihratiop  pointed  out  by  NetrtoQ,  74  j  re- 
aeATches  of  Lagrange,  1^.;  Polston,  142; 
KicoUel,  143. 

Motion  of  the  Solar  Syatem  in  Space — Ee- 
searcbea  on  the,  555 '5£7. 

Httral  Circle^first  uaed  at  the  Obaervatory 
of  Greenwich,  4&1. 

MumI  Qundrftnt — invented  hy  Tycbo  611I16, 
445. 

Keihnla— Early  obtettttioni  of,  563 ;  obter^ 
Tationa  of  Sir  W,  Her*che1,564;  nebular 
hypotbeiii,  667;  obsrrvaiiana  uf  Duitlop, 
568;  Sir  John  Hertcbcl,  I'A.;  Lord  Roaae, 
569. 

Keptane— djacovered  by  Dr.  Gaile,  192; 
discordance  between  the  ofaeerved  and 
tbeoretical  cleowtta,  202 ;  ef pLuntiou  of 


mi 
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thii  diicordanee,  203  j  rompariian  of  the 
theoreticj^I  and  obsprrod  plnees  of  the 
planet;  ih. ;  observed  bjr  Lalandein  I7ft0, 
204 ;  Temarka  on  tb«  ctiAmctc'r  at  its  per- 
torbatiom,  20A;  eYidafttioni  of  ita  mus, 
ib.  f  diacovwy  of  a  •atelUte  reralTing 
lirotmd  it,  ih, 

K«ptiiQej  S«teltite  of — ducoTered  by  Luaelt, 
2S6;  deteminattou  of  its  periodic  time, 
287. 

Kflwton — hU  early  notlcnA  of  on  attmctlTc 
foic*.  21 ;  Bttempti  to  compote  the  jniTity 
of  the  niooa  to  the  earth,  if/.;  fnili  to 
obinin  the  true  trsnJt,  22;  roiatnea  the 
inbjcct  nn  n  future  occniiiDD,  i^. ;  diBCovert 
the  Isw  of  attraction  in  an  ellipse  when 
the  force  tend«  to  the  faciu,  23  j  resoinoi 
the  contiderBtmn  of  the  nctjon  of  tbe  c&rtii 
upon  the  moon,  24 ;  emptdirt  in  hit  re- 
Ksrehea  Piciird^s  tiioaBur«nicnt  of  an 
nrc  of  the  tneridiiin,  thr,  ditcoTeis  the 
Inw  of  gravitation,  25;  constden  the 
mutun!  nttfuction  of  the  pimklet  of  mnt- 
l*r,  ib. ;  drtcmiine*  the  attnction  of 
&|ihcricAL  bodlici,  t^.;  establiiilici  the 
principle  of  gravitation  in  ItJi  ntmoat 
genersltty,  26 ;  esplains  by  its  agencr  all 
the  gnnd  phenoTncnn  of  the  coleitia! 
mationi,  if/,;  atimulntcii  in  hit  rciearchcf 
by  H  alley  J  27 ;  publication  of  the  Prin- 
dpin,  28 ;  hii  intellcctiial  chnracter  con- 
tidered,  33  ;  hii  prtmlHy  towards  the 
BBciflDt  geometry,  3C;  retcflrchet  on  the 
lunar  ibeoryj  A. ;  imperfect  coraputatioo  of 
tbe  motion  of  the  lunar  apogee,  37;  re< 
Bmrehe*  on  the  li^re  of  the  earth,  ib, ;  de^ 
monitrrttci  the  hi  w  of  the  variation  of  gra- 
vity (ji  tJifiFefeni  latitudf??,  38 ;  inteitigatps 
the  problem  ff  the  pr«"risi<m  of  the  eqiii- 
nnxes,  ih. ;  eompenintcshj  hii  great  ingactt}^ 
for  the  imperfection  of  hia  metbods,  i&i 
points  oat  the  solar  nBlation,  69;  pxplttini 
the  libration  of  the  maon  in  longitude, 
73 ;  his  re«esn:hM  on  the  ph^rsical  the<»ry 
of  Jupiter's  iati'llitef  Sg;  method  for  de- 
termining the  orbit  nf  a  comet,  193;  re- 
«e*rchG'«  on  the  theory  of  the  peniial«m, 
152;  Mnrtntti?  roiipt'Ctiii^  the  mean  deTiiity 
of  thp  enrthj  160;  opinion  reipecting  the 
tails  of  cnniets.  309 ;  reteanhef  on  atmo- 
•pheric  refraction,  323 ;  (orrespondenec 
with  Flamjtcfd  on  this  tubjec^t,  324  ;  in* 
vestignt^s  the  raathemsticAl  theory  of  re- 
fraction OD  vnrinni  snppositionii  with  re- 
■p«et  to  tlie  coitititutiern  of  the  ntniospherc, 
32fij  32S;  reiearehei  on  the  dilTractiDn  of 
Hg^ht,  345;  invcnti  the  reOecting  octant, 
482 ;  executes  the  first  rellectinipr  telesc^, 
627;  rHeuches  an  the  ditpersion  of  ligM, 
681 ;  despain  of  effecting  any  further  im- 
prvYnnent  in  the  conatruction  of  refracl- 
fu  loletcopei,  it, 

Kioobu-^detcnnine*  the  value  uf  Japitej'i 
inaM,  190 ;  hit  opinion  respecting  the  farce 
ef  ^Tltation,  193, 


NieoUet— BflMife1i««  on  tho  Hbratioo  pf  th« 

moon,  143r 
Nutation — the  dfeci  depending  on  iliea£^fia 

of  the  <nn  pointed  out  bj  Newton,  69'; 

liMiar  effect  diaeorered  by  Dradlcy,  Ml ; 

determiuationi  of  ita  maximma  talue,  342. 

Observatorie*— ObaerraUAy^  uf  Copenhagen 
established,  447;  Paris,  467,*  Qreeowwi, 
469;  PiiDtowa,  603. 

Oe«iaQ — stability  of  the,  deinonttMled,  71; 
its  influence  on  tha  motion  of  ibe  esrih'* 
axil,  •%. 

Olhc^n^diseoren  PaiUs.  SS9;  Veata,  S4I; 
his  specDlationt  rv»peellt^  lh«  orjgftB  9t 
the  ultia-ifxtiacil  planela,  S40. 

Parallax,  Lunar — diQereot  it 
ita  value,  233. 

Pandlax,  Bolar — Laplaee  eompotet  the  vdot 
of  the,  by  the  theory  of  graYitatieni,  8(; 
Tnrioua  deterniinntions  of  its  value,  811> 

Parallax  of  the  Stars— Tycba  BrAht  fladi  it 
to  be  iitHasible,  547;  nsthod  mmmi 
by  Galile«f  ib.;  obserf«tjwiit  of  ^ok«, 
£48;  FUinitevd,  t%.;  Be«ni«r,  «&.;  tr- 
search  ea  of  Brink  ley,  650;  hii  rnaJti 
controverted  by  Pond,  th,;  nttarAmtl 
Strute,  1%.;  Bnset,  6fil;  HeB^«>9ea,  A; 
Pet<^,  ib, 

Fendnlum— theory  «f  the,  151 ;  a^filM  Is 
determine  the  ellipiiciiy  of  iha  e«Hbt1^ 
Smperfect  rednetfon  lo  a  vaottmi,  1S5; 
retearchei  of  Bewel  on  this  atibj^ML  A; 
Baily,lGd;  applied  to  clocks  by  Bvj^m^ 
448. 

Peters — detejmiftas  the  naxjimmi  valat  «>l 
aberration.  S40 ;  research««  on  ibiriiaiiBax 
of  the  fixed  stars.  fiSfl. 

Piazxi — discovers  the    planpt   OerM^ 
executes  a  fundamental  catalogue  > 
610;   attempts  to  iletemiint  tha  ; 
of  the  fU(d  ftar^  540. 

Ptcard— deiemtDettliefMilBMioii  aHyvs'i 
ring,  258;  Btiip«cta  ilwi  lb«  MmaMvs 
of  the  atmosph«n  oemriMt  aa  mbmm 
tspon  the  ^uaintilj  of  r«fti«llio,  0t9; 
of  the  hrst  julfonmafft  wito 
telescnpic  sighia,  46$;  n«tllo4 
reapffldiog  altitiid4«,469;  ftnb  tk«  fWa!- 
int  of  m  Lyni  to  be  haeiiaiU*^  M8. 

Pier»~>ail«JAtes  the  pertQ;t««IflU  af  ]f«y- 
tune,  205;  resesrcfhtti  tm,  th«  MIMl  sf 
1943,292. 

tha    loiwr   4bMfT, 


Plan* —  Research  en 
119;  rftseorchex 
Jopiter  and  .^ 
of  the  Innar  pn  < 

PUsetary    System 


lonf  inti|«dllf  «f 
dfftcnDiaaliaa 


Secular  r«,Hat{a«ft  «f 
the  plAneLary  elements.  61 ;  ntiitrAtt  sf 
Eukr  Ob  the  >i.'  '      Lamafav  AS< 

lApfaee,  %i,;  .    of  iW  aw«s 

diatanres  deniiiiu-. v  LajaonA,; 

theorems  of  Lipliuv  relaiiT*  to  wi  ito* 
bility  of  tbo  aoMbtiidtte  attd  ikm  h 
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tioni,   SS;    Poiuon'i  retemnlief  on  the 

rsnuttoti  of  ibe  mtan  dittanee,  lOS; 
theor/  of  th«  vnrifltfon  of  elemcTiti,  110; 
reH&rchM  on  the  iHular  nuiationi  af  the 
in.cUrEtt.iong,  116. 
^1^ktit;tdj  Ultn-EDdiaeAl — researchet  on  their 
perturbAtbng,  132;  drcumstancea  con- 
nected with  their  diKOTtry^  238;  dii- 
eovery  of  Orel,  23S;  Pidks,  ib.;  jpno, 
240  ;'  Tntn,  241 ;  tp«cu1iitioni  of  Olbt-n 
AD  their  origiiit  240 ;  reaenrche^  of  Ln- 
gmn^  on  the  sabject,  £41 ;  diltcavitry  of 
Aiti*a,  242 ;  Hebe,  ib, ;  Iris,  243 ;  Rots, 
ib. ;  Hetit,  (b. ;  Hygeia, i*.  {S*e  Apptndix,) 
lantamonr — ^Ketcarcfara  on  BielnV  comet, 
13fl. 

Uteau—Be&citjchei  on  tlie  irradutum  of 
li|ht,355. 

Intarah — SlAtement  Kspwting  the  lomiRoug 
ring  Hen  during  total  eclipse*  of  the  lun, 
87T. 

Pend — «io»eda  Maskeiyne  ot  the  Obeer* 
vntory  of  G^reemwich,  491 ;  introdwei  the 
(iroeticw  of  obierTing  with  two  muml 
circles,  493  J  contreverty  with  Btjaklcy 
on  th«  parallax  of  the  f^ied  itnni,  550, 
ontlcoQluit — cfilciilktei  the  ]>cniirhAtioni 
of  &iUey'»  comet,  137. 

— Ml  reieurehei  on  the  vnriUlions  of 
in  dlistancet  of  the  plnneta,  30U ; 
developei  the  mrthod  of  the  riuiation  of 
artntnry  coniUntt,  112;  reiearehei  on  the 
lunar  theory,  120;  inreitigatcn  the  phy- 
sical libration  of  the  moon,  1 42 ;  reiearDbca 
oa  the  motion  of  the  eartb'i  axii,  IGO. 
found-^^alcnktei  ecliptic  table*  in  tnu  of 
the  firit  ntellite  of  Jiipiter,  81 ;  nHMvm 
the  dimenwom  of  SHtorn's  ring,  260. 
Powt'll— Rt^searebee  on  the  irradiation  of 
light,  356;  expUiriition  of  the  Itiaiinflu* 
ring   seen   dnring   total   eclipses    »f  the 
iUQ,    3d7 ;    theory   of    tbe    beadi    and 
tbrcflda  obseTved  during  aitntiliir  eclipses, 
411;  eipbuDition  of  a  phenomenon  seen 
during  the  tiutitit  of  Mercury,  418. 
Freeesston  of  the  Eqmnr>xes — Researches  on 
iti  quantitative  value,  31 S  ;  crroncons  de- 
'     terminatiim  of  the  annual  Talue  by  Pto- 
lemy, ib. ;  eondusion  hence  dedutud,  iV^. ; 
its  quantity  detennined  by  the  Arabian 
nstronomers,    SI  9 ;    modern    evalttationi, 
t&, ;     reiearehef  of    Bi*se!,  820;    Otto 
SlrnTe,  ib. 
7rime   Vertical     Teleicopc — first  croploTcd 

by  Itoemcr,  494. 
Principia—  fublicalion  of  the,  28  ;  synopsis 

of  its  contents,  32. 
Problem  of  Three  Bodies—Sol  a  tioni  of  the, 

obtotned  by  Tan*u»  georaetera,  44,  47. 
FtDlemy— estimates  the  Talne  of  (he  iilni 
parallax,  211 ;  hti  erroneous  eTalnation 
of  the  f^uantity  of  precession,  3X8 ;  first 
points  out  the  effects  of  atnorphmc  re- 
fraction, 3^21  ;  describes  the  instnunentt 
tiled  by  tbe  Qreck  utionomers,  480. 


Belketjng  Octant — first inTertted  by  Newton, 
482;  reiavewted  by  Bftdky  and  Oodfreir, 

Refmction,  attnotpheric — its  influence  on 
the  apparent  position  of  a  celestial  body 
first  recognised  by  Ptolemy,  821 ;  first 
Applied  OS  n  nrnnogmpbical  cmrcctiitn  by 
Tycho  Btnhi,  tfi. ;  table  calculated  by 
Kepler,  ib. ;  law  of  refraction  discoTered 
by  8neU,  ib.  J  researches  of  Casaini,  it. ; 
influence  of  temperature  remarked  by 
Picard,  S28  ;  researches  of  Newton,  t&. ; 
mathecnntical  theory  of,  inrestigated  by 
Taylor,  327 ;  refeafches  of  Boiiguer,  828; 
Binipion,  ib. ;  jafluenee  of  the  pressure  of 
the  atmosphere  pointed  o«t  by  Halky, 
320 ;  researches  of  Bmdley,  ib. ;  Hayer, 
830;  Locatlle,  ib.;  improvements  in  the 
theory  of,  effected  by  Eramp,  %b. ;  te- 
seorches  of  Lnplace,  S3l ;  Brinkley,  S82  ; 
I  Tory,  333 ;  resewches  of  raod«m  utro- 
noDiers  on  the  Buhjcct,  335;  Bessel,  A, 

Repeatinjr  Circle — principle  of  the,  sffg> 
gested  by  Mayer,  488. 

Bight  Ascension  of  a  Star — how  det«r> 
mined  by  Tycbo  Btnhi,  443;  methnd  oF 
Finnistced  for  eSeoling  the  same  object, 
472. 

B/^binson  — BeKiirebea  on  the  Itndiatioti  of 
Light,  353. 

Koemer — iaveTits  the  transit  instmment, 
461 ;  perceives  the  superior  advantA^s  of 
inttruoients  compoied  of  coniplcte  circles^ 
4tJ3;  inrenti  the  meridian  circle,  ifu  ; 
prime  Terticat  teleicop«,  464  ;  nii>thods  of 
sdjuitment  practised  hy  liim,  494 ;  con- 
■triictt  an  altitado  And  azimnth  circle, 
485 ;  equatorial  instrumeDt,  466 ;  at- 
tempts to  determine  the  panillax  of  the 
Eit«d  itars.  64S. 

Bossc,  Karl  of— attaint  iinrivaUed  excellence 
in  the  construction  of  reflecting  telescopes, 
I        SSG  I  observations  of  iiebai.'e,  569. 

Eumkcr^observt's  the  comet  of  Kock«  at 
Faramatta,  134;  catalogue  of  etan,  fi12. 

Saturn — long  ine^nality  of,  47j  accounted 
far  by  lapbeo  upon  the  principles  of  the 
theory  of  gravitation,  50;  delermtDation 
of  its  mass  by  Kewton,  131;  modern 
efraluations  of  the  same  element,  ib.; 
bands  on  his  disk  diicorered,  2fil;  they 
Indicate  a  rotatory  motion,  \h.;  ttra«  of 
rslatiofl  determined,  tp.;  disco  ti4^  to  be 
■cbersidal,  262;  mltto  of  the  elljptictty 
determiiied,  ifi. ;  irregularity  ia  the  figure 
of,  suspected  by  Herachel,  i2i. ;  ftgnr*  de- 
mohitratcd  by  Besset  to  be  tnily  elliptical, 
359;  Burroonded  by  an  atmosphere,  ib.; 
appearances  observed  aboat  the  polar  re- 
giant  of,  254. 

Saturn,  Rings  of — their  Gondition  of  eqai^ 
librium  ioTestigated  by  Laplace,  78; 
early  obserTations  of  GfeliJeo,  254;  ira- 
pemct   itl«npt«    to    B4oertalD   its   real 
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iiAtiDV,  255;  antiBUr  form  eitiibltihed  fay 
Hwyglien*,  i£>.;  its  poiiuon  dt?tefmiin;<J, 
25S;  discovered  ta  be  rtosible,  2l(9;  eua- 
picinn  of  many  diTiaion*  on  xhc,  S60; 
it!  magnitude'  dL'termineilj  ib.'f  ha  lliick' 
lieai  JDconnderable,  261 ;  diacovery  of 
it«  rotatory  motioDj,  £62;  lime  of  rota- 
liqll  detennined,  il,  i  physical  obaerva- 
tiona  of  the  Tthg,  2413;  nut  bounded  by 
pBfallcl  planes,  2&4;  oncotnpaiscd  ivy  nti 
atraoiphere,  il,;  visibility  of  tKo  unen- 
lightened sitle,  265;  hypotlieju  of  tbe 
phyaicaJ  origin  of  the,  267.  {SwApottidig.) 

Saturn,  Satellites  of— KuearolM*  u  Beitel, 
142;  iatellitea  diKorered  Ijy  HiiyghcDs, 
2QT;  discovery  of  foa;  Batellitei  by 
Cojaini,  268,  2(J9;  discovery  of  two  new 
■atellitcs  by  Herscliiel;  an  eighth  latellite 
dlicovered  aimullaiieoualy  by  Lauell  und 
Bond,  271;  Yariuble  briglitneis  oi  the 
fifth  wtellite,  1^,;  coticliiiititi  hence  de- 
dnced,  272. 

ScheineT—observes  the  toUr  ipota,  !2Hj 
coutroveriiy  with  Galileo  respecting  their 
real  nature,  214  ;  first  retaarketl  that  the 
nucleua  &tid  penambcxc  are  separated 
1^  It  irell-detined  houadary,  ib.;  deter* 
Duna  the  tirne  of  the  sun's  rotation,  ib.; 
employn  col  oared  glnss  in  obscrvalioni  of 
the  jun,  228;  eomtruct*  chnrta  of  tie 
mooQ't  surface,  229;  first  who  ejceeuled  a. 
refncting  telescope,  525. 

Schroeler-— discavcria  twilight  in  the  moon, 
23$;  hit  reaearcbei  on  the  phyeicnlconftti- 
ttttion  of  Mercury,  233;  determines  the 
time  of  ratatioa  of  Venus,  234 ;  maintftius 
thiit  high  mountains  exist  on  the  eur^e 
of  Vemn,  2a5;  discofer*  that  VenHi  it 
inrronnded  by  nn  atmnsphere,  iL;  deter- 
mines the  nYaf^niiiido  of  Jupit«r*s  satel- 
lites, 250;  obucrationi  of  Siiturti'4  ring, 
2a2. 

BimpsOQ' — ijorapnlesthe  motian  of  thelnnnr 
npogeCj^  46 ;  reaeareh ca  on.  the  theory  of 
(efmctton,  328. 

BolflT  Spots  — obserred  by  sev^ml  pe»omi, 
213;  tbeiF  motions  on  the  sun's  disk, 
215;  conchisiun  hence  derived,  ib.;  de- 
tailed description  of  their  nppeanuice,  217; 
reUtire  qimrititiei  of  light  emitted  by  the 
diJf(!rent  parts  of  which  they  ate  com- 
posed, ifi,i  their  mode  of  forrantionj  !'6. ; 
some  ate  destitute  of  pEuiinibsK,  A,;  pc- 
ntimbFED  without  «  nucleus,  ib.;  firent 
owgnitude  of  the  spots,  218 ;  rapid  changci 
which  they  undergo,  il/,;  cojiitantly  ob- 
Mfved  near  tlie  sohur  equator,  i'^.;  solar 
luuls,  t'A. ;  Erst  K-en  bj  0<tljleo,  >&.; 
Ihcir  immense  extent,  210;  they  ivre  gene- 
Rilly  brightest  on  the  sun's  limb,  t'fi.; 
their  invariable  appenrnjiec  in  the  region 
ui  the  splits,  ih.;  discovery  of  liiculi,  it'.; 
teen  over  the  entire  diik  of  the  »mj,  ifj,\ 
various  ej^planations  of  the  rrftl  osilure  ttl 
tbcipotj,  ti.;  Bcb«iuer,*if,i  La  Hire,  it.; 


Derham,  220 ;  the^^ry  of  Dr.  WiUon,  »'*, ; 
objections  VLr^eA  against  IX,  221 ;  theory 
of  Bode,  i'A.;  Sir  W.  Oenchel,  223;  Sir 
J.  Herschcl,  225;  bow  obMrred  by  Toriout 
astrononiers,  227- 

Sueli^discaversihe  law  of  refraction,  321. 

South — Oitseriratictns  of  double  stars,  500. 

Stan — tmmense   mnltitude   of  the.    Sit; 
stars   which    haTc   disappeared  frsn   lli« 
benvens,  ii,;    new  starv,  539; 
stAM,  540;    reiearches  on  the  rel 
brightness  of  the  stare,  £42;   princ 
upon  which  thmr  Yiaihility  depends, 
Tadous  attempts  to  determine  their  | 
parent  diuneten,  514;  res^whai  an l' 
pajulinx,  S43;    tbelr  proper  m<itwiu| 
covered,  SA3. 

Stars,  iUouble^early  obserratians  of,  5SS; 
obserrotions  of  Sir  William  Hencbel, 
&&&;  ipdculatioas  of  liichell  on  th«  theory 
of,  ib,;  remark  of  Dr.  Homsby,  t&,;  phy- 
sical theory  of,  first  enablithed  npon  «b> 
serratioD  by  Sir  WiUiiun  Henehel,  £4^; 
recent  researches  of  astronomen  on  tha 
subject,  5fi0-563. 

Struve,  P.  W,  Q. — Deti?rniine»  the  : 
tudea  of  Jupitei'i  Mt«Ui(ea,  250; 
the  dlmensioni  of  Satuni'a  rinff, 
discovers  |be  ring  to  be  eaeeBtnc. 
deterniiiiet  the  maximum  value  of  abet* 
tutioi),  340;  appointed  director  ol  tW 
Dbservrttary  of  FuUtowa,  505;  nweanhta 
nn  the  parallax  of  the  fixi»d  stan,  550; 
dcterinitiea  the  parallax  of  m  Lync,  551; 
obiorvntioDi  cf  dottble  itArs,  501 ;  re- 
aenrdie*  on  the  physical  cottstitution  of 
the  Milky  Wny,  £^77 ;  sp«9alatioiu  on  the 
extinetiaii  of  light  to  its  faaamgo  tluoojk 
sfjace,  578. 

Stnive,  Utto^EeMMtliaa  on  the  mw*  of 
Neptuno,  287  ;  itiTcsti|atu  the  ttuaatity 
and  laws  of  preceaiioo,  320;  mewrdies 
on  the  motioa  of  iJie  solar  svstcffl  ia  Mact* 
556. 

Tajbr,  Brouke — inrcstiigatet  the  iiM^ena^ 
tical  theory'  of  refiiKtion,  3^7. 

Telescopfr — early  notions  of,    515;  BaoM, 
ikr,  Dtgges,  516;  BatlisU  Ports.  lA. ;  &9_ 
Dominis,  vb,;  fint  executed  in  II  oils 
517;  tarious  aecounts  of  iu  orijrta, 
fesearchesof  Vaii  Swlndrn  on  tbwrall 
518 ;  Galileo  coucmtct'  a  tolisc*p<^  I 
hii  mode  of  ascertaiuing  the 
power,  521 ;  he  was  not  an  ind( 
inventor,  522;  reioarks  awm  tltsi 
telescopes,  523;  telreoOp«iUiin4aMd| 
Eivgland,   &ii;    refmeiijnf  Maaeapa 
plaiui^  by  Kepier,  <VJ.~ .  '         .rroladl 
Qchttiner,  t^.;    fust  n  asUo- 

tiotriical  obkerrMltonk  i.,  s,...,„|jim^  $1^; 
iHi|iru«('ntenti  in  ita  wutraBlMO,  ilkj 
Htivgheiit,  1^'.;  Canpaoi,  526;  Aaao*^ 
»b.i  ttf&Kimg  uleseape,  ^;  tnt  aSB* 
ciited  by  If  cwton,  6^t ;  wjauifuuto  la 
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its  conitrnction,  529;  riewa  of  Newton 
ou  chromatic  aberration,  531;  be  pro- 
nounces any  farther  improvement  of  the 
refmcting  telescope  to  be  desperate,  ib. ; 
researches  of  Dollond  on  the  dispersion  of 
light,  ib. ;  constructs  achromatic  telescopes, 
532 ;  instruments  of  this  description  pre- 
viously executed  by  More,  533 ;  reflecting 
telescopes  of  Herschel,  ib. ;  improve- 
ments in  the  construction  of  refracting 
telescopes,  535;  Qoinand,  ib.;  Frauen- 
hofer,  ib.;  Reflecting  telescopes,  586; 
Lord  Bosse,  ib. 

Telescopic  Sights — first  employed  by  Ghu- 
coigne,  454. 

Tides — shewn  by  Newton  to  be  a  necessary 
consequence  of  the  principle  of  gravita- 
tion, 26;  researches  of  Euler,'71;  Mae- 
laurin,  ib.;  Bernouilli,  ib.;  Laplace,  ib.; 
researches  of  Whewell,  162, 

Transit  Instrument — invented  by  Boemer, 
461. 

Transit  Observations — recorded  in  America 
by  means  of  electro-magnetism,  506. 

Transversals,  Method  of— invented,  442. 

Uranus — early  observations  of,  164;  tables 
calculated  by  Delambrc,  165;  irregula- 
rities in  the  longitude  of  the  planet,  t&. ; 
tables  of  Bouvard,  ib.;  impossibility  of 
reconciling  the  modem  with  the  ancient 
observations,  ib.;  the  existence  of  an 
exterior  planet  suspected,  ib. ;  radius 
vector  shewn  to  be  erroneous,  167;  the 
irregularities  attract  the  attention  of  Bes- 
sel,  ib.;  researches  of  Adams  on  the  same 
subject,  168 ;  inverse  problem  of  pertur- 
bation, 169 ;  results  obtained  by  Adams, 
173 ;  new  tables  calculated  by  Eugene 
Bouvard,  174;  they  fiul  to  account  for 
the  irregularities  of  the  planet,  175; 
theory  of  the  planet  investigated  by  Le 
Verrier,  175;  the  results  obtained  by 
him  are  found  to  be  incompatible  with 
the  observations  of  the  planet,  177 ;  the 
researches  of  Le  Verrier  on  the  hypothesis 
of  a  disturbing  planet,  178;  first  results 
which  be  obtained,  188;  search  for  the 
new  planet  undertaken  by  Prof.  Challis, 
185 ;  second  investigation  of  Le  Verrier, 
187 ;  final  results  obtained  by  him,  188 ; 
they  are  transmitted  to  the  astronomers 
of  Berlin,  191 ;  discovery  of  the  exterior 
planet  by  Dr.  Qalle,  192;  account  of 
Prof.  Challis'  search  for  the  planet,  t}.; 
his  observations  had  effectually  secured 
it,  193;  reflections  on  the  comparative 
merits  of  the  two  geometers  who  assigned 
the  position  of  the  exterior  planet,  197; 
discovered  by  Herschel,  272;  first  sup- 


posed to  be  a  comet,  278;  difficulties 
experienced  in  determining  iXs  orbit,  ib. ; 
discovered  to  be  a  planet,  274 ;  its  appa- 
rent diameter  measured,  275;  elements 
of  its  orbit  determined,  277;  suspected 
to  be  spheroidal,  ib.;  determination  of  its 
ellipticity  by  M&dler,  278 ;  suspected  to 
be  encompassed  by  a  ring,  ib. 
Uranus,  Satellites  of — Discovery  of  two 
satellites  by  Herwhel,  279;  the  elements 
of  their  orbita  determined,  280;  orbits 
found  to  be  almost  perpendicular  to  the 
ecliptic,  282;  their  motion  found  to  be 
retrograde,  ib.;  discovery  of  four  ad- 
ditional satellites,  t&.;  physical  observa- 
tions of  the,  284 ;  researches  of  Sir  John 
Herschel,  285 ;  Lament,  ib, ;  observations 
of  Lassell,  286;  Otto  Struve,  ib.  {Ste 
Appendix) 

Valx — Speculations  of,  on  the  identity  of 
the  comets  of  Lexell  and  Faye,  139 ; 
suspects  the  existence  of  a  planet  beyond 
Uraous,  166. 

Variation  of  Elements— Method  of  the,  in- 
vented by  Euler,  49. 

Venus — Perturbations  of,  investigated  by 
Laplace,  126  ;  long  inequality  discovered 
by  Airy,  127;  mass  of  determined  by 
various  eifquirers,  ih.;  her  phases  dis- 
covered by  Galileo,  288;  her  rotation 
round  a  fixed  axis  discovered,  284 ;  vari- 
ous determinations  of  the  time  of  rota- 
tion, 234, 285;  mountains  on  her  sur&ce, 
ib.;  atmosphere  surrounding  her,  ib. 

Venus,  Transits  of— Transit  predicted  by 
Kepler,  416;  transit  of,  1639,  obierved 
by  Horrocks  and  Crabtree,  421 ;  physical 
utpearances  noticed  during  the  tiansita  of 
1761  and  1769,  429. 

Vernier — Livention  of  the,  446. 

Wallis — prepares  the  writings  of  Horroclu 

for  publication,  423;  suggests  a  method 

for  determining  the  parallax  of  the  fixed 

stars,  548. 
Wargentin — his  researches  on  the  motions 

of  Jupiter's  satellites,  88;  observes  the 

lunar  eclipse  of  1761,  418. 
Whewell — Researches  on  the  tides,  1 62. 
Wilson,  Dr. — his  theory  of  the  soUr  spots,220. 
Wollaston — experimental  researches  on  the 

light  of  the  stars,  547. 
Wright — adopts  the  hypothesis  of  a  central 

sun,  658;  theory  of  the  Milky  Way,  573. 
Wrottesley — executes  a  catalogue  of  stars, 

513. 

Zach,  De — calculates  tables  of  aberration  and 
nutation,  343. 


ADDITIONS    AND    CORRECTIONS. 


Vxan    ri,  Una  2  irom  top, /or  Ferdinand,  rtad  Frederick. 

„      20,  line  34  from  top, /or  into,  rmid  in. 

„      fil,  line  48  from  top,  /or  hu  read  hare. 

„      70,  line  21  from  top,  for  that,  r«ad  twice  that. 

„      70,  line  9  from  bottom, /or  10",  reeid  18". 

„      81,  line  1  fixHn  bottom,  after  Sciences  reeuf  1707. 

„      81,  line  9  fit>m  bottom,/or  Fond,  read  Fonnd ;  riad  also  similarly  pp.  84,  130. 

„  82,  line  4  from  top.  Bradlejr'a  tables  of  Jupiter's  satellites,  although  not  published 
till  1749,  were  printed  off  in  1719.  His  discoTery  of  aberration  did  not  occur 
till  a  few  years  afiarwards.  This  circumstance  accounts  for  the  erroneoiu  value 
which  he  assigned  to  the  equation  of  light  in  his  tables. 

„    119,  line  20  from  top, /or  third,  read  first. 

„    122,  line  9  from  bottom, /or  September  rccuIJnne. 

^    160,  line  2  from  bottom,/or  62'  read  62*. 

„    172,  line  34  from  top,/or  1846  twu2  1846. 

„    188,  line  6  from  bottom, /or  ^  read  ^. 

„    197,  line  1  from  top, /or  1860  read  1851. 

,j  212,  line  13  from  top.  The  utility  of  the  trannts  of  the  inferior  planets  for  deter, 
mining  the  solar  parallax  was  first  announced  by  James  Qregory.  (p.  428.) 
Halley  merely  pointed  out  the  peculiar  advantages  which  the  transits  of  Venus 
ofiered  for  thu  purpose. 

„    217  lines  4  and  5  from  top, /or  pole  read  axis. 

„    263,  line  17  from  top, /or  ^^  read  ^. 

„    415,  line  1  from  top,/or  Vitellionem  read  Yitellion. 

„  612,  line  27  from  top.  The  stars  of  M.  Biimker's  great  catalogue  have  been 
observed  at  Hamburgh :  they  are  consequently  visible  in  the  northern  hemis- 
phere. 

„    642,  line  3  from  bottom,/or  1.6  read  1.2. 

„  643,  line  2  firom  top,  for  2.014,  which  is  equal  to  1.6  +  414,  read  1.614,  which 
ia  equal  to  1.2  +  414. 
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